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BIOINOCULANTS AND ORGANIC 
AMENDMENTS 

FORENSURINGCROPHEALTHIN 
SUSTANABLE AGRICULTURE 

Introduction 
During the past many years of application of green revolution 

technologies for enhancing crop yields, soils were considered mainly as 
supporters and substrates for plants. Native soil fertility was substituted 
by chemical fertilizers and tillage and pests were mainly eliminated by the 
action of pesticides. Of late, these technologies based on industrially pro
duced chemicals have been found to adversely affect the whole ecosys
tem functiening and threaten the survival of living systems including 
human beings. Also, there is realization that these technologies can no 
longer increase or even maintain crop yields and crop health on a long 
term basis. Now there is sufficient scientific evidence that the neglect of 
soil management contributes to the stagnation of yields. Only the devel
opment and use of ecologically designed agrotechnologies that integrate 
ecological principles into intensification process can contribute to sus
tainable production and reduce environmental problems ( Paul and 
Robertson.1989). So, a new paradigm is being developed and tested, whose 
main essence is that soil fertility is mainly controlled by the activities of 
soil organisms inhabiting organo-mineral matrix. This paradigm also sug
gests that in agroecosystems, these organisms can be maintained and 
managed in order to increase soil fertility and crop yields and to reduce 
pest proplems. The best and simple way to enhance the activities of these 
soil organisms is by applying ample quantities of organic manures. 
An organic agricultur~. movement which respects soil health and builds 
up soil fertility and crop health only through natural organic materials is 
slowly taking over the conventiona l high chemical input agriculture 
throughout the world . This is much relevant today, as maintaining and 
improving soil quality for sustaining crop productivity is gaining impor
tance (Papendick and Parr, 1992) and there is worldwide growing demand 
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for organic agricultural products (Geier, 1998). 
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In developing sustainable agricultural systems, restricting or 
completely eliminating the use of plant protection chemicals is the main 
challenge faced by the farming community. The restrictions on pesticide 
use due to health and environmental ha.zards have sparkled substantial 
interest in using natural biological processes to control pests and patho
gens ( EPA, 1998) . The basic and applied aspects ·of pest and disease 
mangement by employing organic amendments and microbial inoculants 
is the subject of this review. 

SUSTANABLE AGRICULTURAL TECHNOLOGIES 
FOR CROP HEALTH 

Ecological foundations of pest and disease management in 
sustainable agroecosystems 

A sJstainable agricultural system is one which involves the 
management and conservation of the natural resource base, and the 
orientation of technological and institutional change in such a manner as 
to ensure the attainment and continued satisfaction of human needs for 
the present and future generations. Such sustainable development con
serves land, water, plant and animal genetic resources and' is economically 
viable and socially aceeptable ( FAO, 1991). 

Man-made agroecosystems are highly manipulated production 
systems and are fully depend on chemicat-fertilizers and pesticides to 
consistently sustain their rates of output. Agriculture has repeatedly been 
identified as one of the largest contributors t-o the loss of biodiversity 
world-wide. This is because of the disturbance of the natural areas, high 
degree of physical manipulation and inputs of pesticides and fertilizers 
inherent to the modem way of farming. The use of chemical pesticides 
results in decline in non-target population of organisms (McLaughlin, 
1994) and this can result in pest outbreaks. Similarly, the use of chemical 
fertilizers results in loss of soil biodiversity, adversely affecting nutrient 
recycling and biological control. The aim of sustainable agriculture is to 
develop practical alternative methods to many of these hazardous and 
costly agrochemicals. 

Proper soil management is an integral part of sustainable agricul
tural system and good soil management requires that soils are used in 
such a way that the productivity is maintained or preferably enhanced. 
The soil resources must be recognized as a dynamic living system that 
emerges through a unique balance and interaction of its biological, 

chemical and physical cotnponents ( Karlen et al., 1997). Until very 
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recently, the prime significance of biological processes in functioning of 
soils was not recognised and soil quality was defined pr imarily in chemi
cal and physical terms. In reality, soil quality is the capacity of a soil to 
function within ecosystem boundaries to sustain biological productivity, 
maintain environmental quality and promote plant and animal health (Doran 
et al., 1996). Soil health can be considered as a part of ecosystem health. 
A healthy ecosystem is characterized by integrity of nutrient cycles and 

energy flows, stability and resilience to d isturbance or stress ( O'Neill et 
al., 1986). Plants are susceptible to damage or death as a result of attack 
from a wide range of disease causing organisms, insects and nematodes. 
For the past many years, synthetic pesticides have been used to control 
these problems. Disease and pest outbreaks may be considered as indica
tors of instability and poor ecosystem health and a link between soil health, 
population density of plant pathogens in soil and disease severity may be 
visualised. A healthy soil can be considered as a stable ecosystem with 
tolerance or resilience to stress and disease suppression can be an impor
tant function of a healthy soil (Van Bruggen and Semenov, 2000). Anum
ber of techniques are now employed to build a healthy soil and all of them 
are based on the basic fact that ecosystem functioning is governed 
largely by soil microbial dynamics ( Kennedy and Smith, 1995) and the 
productivity and health of agricultural systems depend greatly upon the 
functional processes carried out by these microorganisms and microbial 
communities (Pankhurst eta!., 1995). These microorganisms are involved 
in organic matter decomposition, solubilization of plant nutrients, nitro
gen fixation, plant growth promotion and control of plant pathogens and 
pests. But unfortunately, under normal conditions, most of the soil organ
isms will be in a state of dormancy due to lack of sufficient food reserves 
for their multiplication and activity. This situation occurring in soil is com
mon ly referred to as sleeping beauty paradox. These dormant microbial 
communities get act ivated in the presence of a source of nutrient. Applica
~ion of sufficient amounts of organic manures, which will serve as nutrient 
and energy source for microbes is one of the common approaches adopted 
to activate them. Martyniuk and Wagner (I 977) reported increase in bacte 
r ial and actinomycete populations in plots which had been under a long 
term treatment with manure. The activity of a number of soil organisms 
such as earthworms and mycorrhizal fungi, which increases nutrient avail
ability also results in enhanced microbial activity. The zone of intense 
microbial activity in the viscinity of earthworms is termed drilosphere 
(Loquet et al., 1977) or vermisphere (Hamilton and Dindal, 1983) and 
mycorrhizosphere (Garbaye, 199 I) is the term used to describe the zone 
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around mycorrhizal roots. Due to the intense microbial activity, more 
biocontrol of diseases and pests has been reported in soils with more 
organic matter, mycorrhizal and earthworm activity. 

In contrast to organic manures, chemical fertilizers spoil soil health 
by reducing microbial population and their activity and positive interac
tions between increased nitrogen and crop pests are recognized (Kowalski 
and Visser, 1979) . A link between increased fertilizer application and 
increased pesticide usage has also been demonstrated in many countries. 
Mineral fertilization adversely affects total microflora, microbial diversity 
and groups of beneficial bacteria with dominant roles in biocontrol. Fer
tilization of wheat with nitrogen reduced the population of fluorescent 
pseudomonads ( Liljeroth et al., 1990). A negative correlation exists be
tween soil nitrate content and fluorescent pseudomonad population ( 
Workneh and Van Bruggen , 1994). Van Vuurde and de Lange (1978) re
ported a decrease in bacterial populations in the rhizosphere of wheat after 
fertilization with NPK. 

In addition to organic manures, cultures of known and tested 
microorganisms with biocontrol capabilit ies when applied along with or
ganic residues may bring about desirable results in short t ime. This is 
based on the fact that by artificially increasing the ratio of antagonist to 
pathogen, the percentage of infected plants can be reduced effectively. A 
number of pathogen - suppressive microorganisms are now available for 
use. But, only a few systems have been used successfully in fields. A 
strain of Agrobacterium radiobacter is used widely for control of crown 
gall (Kerr, 1974 ). It is becoming increasingly evident that the application of 
beneficial microorganisms to soil and plant parts will not necessarily re
sult in their becoming significant and active components of the micro flora 
for sustained periods of time unless the environment is simultaneously 
modified to make it more conducive for their growth , survival and activity. 
One way to effect this would be to provide an enhanced nutritional envi
ronment s ince competition for substrates in soil and rhizosphere is 
intense(Colbert et al., 1993) . There is experimental evidence to confirm 
that application of manure can enhance survival of Pseudomonas p utida 
introduced into field soil ( Gotz and Smalla, 1997) . So, even when microbial 
inoculants are used, organic manures should be applied to make biocontrol 
programmes a success. 
Use of organic amendments for ensuring crop health 

Preserving the quantity and quality of soils is one of the 
main objectives of current efforts to make agriculture more sustainable. 
Soil organic matter contributes to soil fertility and soil quality in several 
quite distinct ways. In addition to its role to supply a number of plant 
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nutrients in a slow manner, addition of organic wastes has beneficial 
effects on soil pH, soil structure, resistance to soil erosion, soil tempera
ture, organic matter content, water infiltration and soil water retention 
(McLaughlin and Mineau, 1995). 

Organic amendments may reduce plant disease by increasing the 
general level of microbial activity resulting in increased competition and I 
or antagonism in the rhizosphere (Cook and Baker, 1983). In addition to 
their use in controlling diseases, a variety of organic amedments are used 
for controlling nematodes (Akhtar and Alam, 1993). In low input organic 
systems, where lots of organic matter is added to soi I, enhanced microbial 
diversity in rhizosphere has been noted ( Buyer and Kaufinan, 1996). The 
diversity index of functional groups of actinomycetes in tomato rhizo
sphete was higher in organically than in conventionally managed soil and 
this negatively correlated with corky root severity (Wokneh and Van 
Bruggen, 1994). General suppression of root diseases has often been ob
served in natural ecosystems or organically compared to conventionally 
farmed soils ( Workneh et a/., 1993, Van Bruggen, 1995). Specific antago
nists are also reported to be activated by organic manure application . 
Application ofneem cake results in increased population of Trichoderma 
spp. (Bhaskaran et a/., 1988). Number of fluorescent pseudomonads were 
significantly higher in the rhizosphere of organically managed soil than in 
that of conventionally managed soils 
( Workneh and Van Bruggen, 1994) . Conversely, due to the lack of 
sufficient food reserves in soils with poor organic matter content, the 
population of total microbes will be minimum and they will not be able to 
reduce the activity of pathogens by way of competition for food, space, 
parasitism and by producing antimicrobial compounds. As a result, inci
dence of soil borne diseases are tend to be more in these poor soils. For 
example, Thanjavur wjlt has been found to be prevalent in soils with low 
organic manure content ( Bhaskaran and Ramanathan, 1983). 

The predominant organic manures used for disease control in
clude composts, green manures and oil cakes. In addition to these, saw 
dust, coir pith, crab shells and a number of other organic wastes are em
ployed in managing plant diseases and pests. The recent trend is the use 
of special composts contain ing specific antagonistic microorganisms. 

COMPOSTS 
Composts are now marketed as a pest control product ( Segall, 1995). 
Control of diseases through composts include killing o f pathogens 
during and after com posting process. It is well established that thermo
philic conditions and intense microbial competition during composting 
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kill or inactivate nearly all the microorganisms that are pathogenic ( EPA, 
1998). Specific physical, chemical and biological properties of composts 
also play their roles in disease suppression. In a number of cases, mature 
composts contain natural organic chemicals and beneficial microorgan
isms that kill or suppress pathogens. Compost support high microbial 
activity and decrease disease incidence when used as soil amendments. 
Compost addition to soil enhanced the incidence in the tomato rhizo
sphere of bacteria exhibiting antagonism towards Fusarium oxysporum, 
Pythium ultimatum, Pyrenochaeta lycopersici and Rhizoctonia 
so/ani (Brito Alvarez et al., 1995). The antagonistic effects observed were 
associated with marked increase in the percentage of siderophore produc
ers. 

Among the various composted materials, wood bark has been 
the most V(idely studied ones for its disease suppressive properties. In
corporation of suppressive composts in plant growth media has success
t).Jlly s9lved soil-borne disease problem in nurseries in various parts of 
world (Hoitink and Kuter, 1986).and has been found to be a cheap substi
tute for steam sterilization and fungicide dren.ches for a number of dis
eases ( Daft et al. , 1979). Tree barks have been consistently shown to 
contain natural-product fungicides and composts prepared from this pos
sess disease suppressing capacity. Com posted hardwood tree bark (CHB), 
mostly from oak that is less than 1 year old has been reported to release 
chemicals that inhibit production of sporangia and zoospores by 
Phytophthora spp. Among the antimicrobial components, the most toxic 
were ethyl esters of hydroxy-oleic acids (Hoitink and Kuter, 1986). This 
composteq bark with fungicidal properties is recommended as a light 
weight groWth medium-for pot plants and in nurseries, it has been found 
to be effective in managing soilborne diseases for atleast two years ( 
Hu itink, 1980) .The other composts such as sludge compost have also 
been successfully used (Millner eta!. , 1982). Rivera et al. (2000) reported 
that application ofvermicompost resulted in control of Rhizoctonia so/ani 
in nurseries of solanaceous vegetables in addition to promoting seedling 
growth. Vermicomposts are known to harbour a very high population of 
actinomycetes ( Kale, I 998) and the observed disease control can be as
cribed to this . 

Even though a number of reports are there on the effects of com
posts to a variety of soil borne plant pathogens, not all composts are 
utilized with success. Success or failure of any compost for disease con
trol depends on the nature of the raw product from which jt was prepared. 
Compost type, maturity level , and composting method affect suppres
sion of disease. Excessively cured composts may lack or have inconsis-
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tent disease suppressiveness. In addition, particle size, nitrogen content, 
cellulose and lignin content, electrical conductivity, pH and inhibitors 
released by composts are known to affect the incidence of diseases(Hoitink 
and Fahy, 1986). Inhibitors of fungal and nematode pests occur only in 
some composts ( Hoitink, 1980, Hunt eta/., 1973). Nutrient composition 
may aJso be playing a role in disease suppression, as it is known that 
phosphates can induce systemic resistance In plants (Gottstein and Kuc, 
1989). 

Oil cakes 
Oil cakes of different edible and non-edible oil seeds have been 

used in agriculture not only as a organic soil amendment, but also for the 
suppression of soil borne plant pathogens and insects. Oil cakes in gen
eral are rich source of nitrogen and oil cakes ofneem, mahua and marotti 
have nematicidal, insecticidal and antimicrobial activities. Additionally, 
Some of them have nitrification inhibiting principles and can enhance 
nitrogen use efficiency (NUE), especially in low land fanning systems. By 
increasing 'the efficiency of utilization of fertilizers, leaching losses and 
environmental pollution problems could be contained. Reddy and Prasad 
(I 975) reported the presence of nitrification inhibitors in neem cake and 
neem cake coated urea resulted in efficient utilization of urea (Reddy and 
Prasad 1977). Hence these oil cakes with plant protection and agronomic 
applications should play a major role in the development and spread of 
sustainable agricultural production systems. 

Muthuswamy and Mariappan (1992) reported the sclerotia! 
disintegration of Macrophomina ph as eo/ina with oil cake extracts ofneem 
at a concentration of3 per cent. Neem cake undergoing decomposition is 
known to reduce the incidence of root knot nematode in mung bean 
(Moj umdar, 1999). Gerard Ezhilan eta/. (1994) observed complete in vitro 
inhibition of Rhizoctonia so/ani by the oil cakes of Marotti (Calophyl!um 
inophyllum ) . Chakraborty and Sen (199 1) reported a reduction of wi lt 
incidence by 80 per cent in musk melon by soil amendment with mustard 
cake. Neem and castor cakes are alsq known to inhibit and lyse a number 
of fungi such as Fusarium ozysporum ( Singh and Singh, 1980). Neem 
cake has been found to inhibit the growth of Ganoderma lucidum, the 
causal organism of basal stem rot of coconut and application ofneem cake 
at the rate of 5 or 10 kg/ palm could suppress the disease. Neem cake 
application also resulted in enhanced population of soil microflora in 
general and antagonistic Trichoderma spp. effective against the patho
gen Ganoderma lucidum 




