International Journal of Research, Science, Technology & Management
ISSN Online: 2455-2240, Vol 2 Issue I, January 2016
EFFECTS OF BIOFERTILIZERS AND BIOPESTICIDES ON RICE AND TEA
CULTIVATION AND PRODUCTIVITY- A REVIEW
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ABSTRACT
In India intensive farming practices yield high product for which chemical fertilizers are used but these fertilizers are
nowadays found harmful because they are creating environmental problems and also they are very expensive. Extensive uses
of chemical fertilizers have adverse effects on human health. Dependence on chemical fertilizers and chemical pesticides for
the future agricultural growth will result in further loss of soil quality , acidification of soil, possibility of ground water
contamination and hence loss of ecological balance. These chemical fertilizers and chemical pesticides that are sprayed on
vegetables and fruits poses toxicity to the human body. Recent advancement in the field of biofertilizers are creating growing
level of interest because these fertilizers are environment friendly and are helping in having sustainable agricultural practice.
These biofertilizers use living microorganisms that establishes symbiotic relationships with the plants or are an inoculation of
microorganisms which promotes the plant growth by increasing the primary nutrient supply to the host plant and also retains
the soil fertility. Similarly in the use of chemical pesticides many disadvantages are associated with it like the genetic changes
in plant populations, food poisoning and other health problems which leads to cancer and has made the biopesticides to come
in the picture which might reduce the use of these chemical pesticides. This review paper describes the facts of experimental
results of the use of biofertilizers on two important exportable crops like Rice and Tea cultivation in India and as well as in
foreign countries, with the current status of both biofertilizers and biopesticides in Indian Agriculture.
Keywords‐ Biofertilizers, Biopesticides, Azolla, Aspergillus, Mycorrhizae, Plant extracts.

1. INTRODUCTION
Agriculture is actually called farming or husbandry .This
means that agriculture is the cultivation of plants
animals and other life forms for food, fibres, biofuels and
other products for the well beingness of human life.
In India agriculture is the most important and one of the
most important and one of the major sectors which
accounts for 16.6% of total GDP i.e 50% of total work
force. But for the proper output i.e for the proper yield of
the crops the use of fertilizers are very important. There
are two types of fertilizers mainly inorganic or chemical
fertilizers and organic fertilizers. Chemical fertilizers use
mineral deposits or are industrially manufactured
through chemical processes. Organic fertilizers are
fertilizers that use manures and have their origin in
plants or animals.
In India in the past 50 years history, the chemical
pesticides and fertilizers have played a crucial role in
increasing the agricultural productivity. But the
extensive uses of chemical fertilizers have adverse
effects on human health. Indiscriminate use of chemical
fertilizers and chemical pesticides contributed in loss of

soil productivity along with addition of salts to the soil
(Swapna lattha aggani 2013.).
Dependence on chemical fertilizers for future
agricultural growth would mean further loss in soil
quality, possibilities of water contamination and
unsustainable
burden
on
agricultural
system
(Rajasekaran et al., 2011).
1.1 A Problem of Using Chemical Fertilizers and
Chemical Pesticides
In general land is regarded as a natural resource which
has many benefits for human beings while at the same
time provides a habitat for many living organisms (
Pierra 1991). However currently the behaviour and of
land fertilizer has changed due to the increase in human
beings or in the increasing population which leads to a
higher demand of production. Increase in agricultural
productivity was the main target to meet the human
needs. But because of the scarcity of land the people has
stopped using natural fertilizers and are using the
chemical fertilizers and chemical pesticides to gain more
productivity in a very short time which is fatal.
These chemical fertilizers and chemical pesticides are
the main causes of losing soil fertility and are actually
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causing huge amount of soil and land degradation (Liu
et al 2009.).

2. A BRIEF DESCRIPTION OF BIOFERTILIZERS
AND BIOPESTICIDES

1.2 Fertilizer
Environment

Biofertilizers are actually the compound that enriches
the nutrient quality of the soil by using microorganisms
that establishes symbiotic relationships with the plants.
Biofertilizers may also be defined as
microbial
inoculants which are artificially multiplied cultures of
certain soil microorganisms that can improve soil
fertility and crop productivity. Biofertilizers are low cost
renewable sources of plant nutrients which supplement
chemical fertilizers.
Biofertilizers generate plant
nutrients like nitrogen and phosphorous through their
activities in the soil or rhizosphere and makes them
available to the plants on the soil. Biofertilizers are
gaining an importance in use because of the proper
maintainance of soil health, minimize environmental
pollutions and cut down the use of chemicals. The term
biofertilizer is still unclear. Therefore biofertilizers may
be defined as substances which contain living
microorganisms which colonizes the rhizosphere or the
interior of the plants and promotes growth by increasing
the supply or availability of primary nutrients to the
target crops when they are applied to soils seeds or plant
surfaces. Biofertilizers have an ability to mobilize
nutritionally important elements from non usable to
usable form. These microorganisms require organic
matter for their growth and activity in soil and provide
valuable nutrients to the plant. Biofertilizers are ready to
use live formulates of beneficial microorganisms which
on application to seed, root or soil mobilize the
availability of nutrients by their biological activity in
particular and help in building up the micro flora and in
turn the soil health in general (Rajendra et al.,1998).

Effects

on

Human

Being

and

These pesticides are adversely affecting the human
health. Pesticides can enter human body by three ways‐
a) flow directly by mouth, b) infiltrate by skin, and c)
breathing (Yong, 1994). Moreover, pesticides also brings
a lot of issues to the people who digest the chemical
fertilizers, for example, skin cancer, or effect on the
growth of a baby (Yong, 1994). Currently, pesticides
have become much more serious for long‐term resistant
in human body as well as in foods such as meat, fruits,
vegetables, and other productions with pesticide
residues (R.S. Battu, et al 2004).
1.3 Ground Water Contamination
The biggest issues faced during the use of chemical
fertilizers are ground water contamination. Nitrogen
fertilizers breaks down to nitrates and travels easily
through the soil and as they are water soluble they can
remain in that position for decades and these
accumulation is causing the problem. These
accumulations of chemicals lead to water pollution both
surface and ground water
1.4 Loss of Soil Fertility
Agriculture can provide positive and negative impacts on
soil use, and the use of fertilizers can reduce the natural
nutrients on the soil surface (Fred, 1991). Moreover,
chemical fertilizers are more resistant in the
environment than the natural fertilizer because its
combined with chemicals which in some cases
are harmful to the environment‐especially, on soil
fertility because most of the microorganism decrease
following the increase of the chemical fertilizers
used (Katsunori, 2003 Because agriculture is heavily
depended on the environmental resources, direct
impacts are felt by local farmers because the use of
fertilizer on their agriculture land and lose of their
ecological system from the pollution in the water
resources (LIU Yu, et al., 2009). Interestingly, if people
apply high level of chemical fertilizer or pesticide on
their farm land day in, day out, one problem will be
emerging from pesticide absorption of their crop is
reduced pest control, the bad insects will be resistant if
you apply chemical fertilizers for long period but
oppositely beneficial insects will decline leading to the
loss of pest control. For example: farmers use pesticide
for protecting their cucumber, thus they must apply
chemical fertilizer to killed the insects but unfortunately
those insects are residue with the fertilizer providing
warmth and other micro‐organisms which live on the
ground suffer from those fertilizer, micro – organisms
which play a vital role in the improvement of the soil
quality. This results in land degradation because of
using chemical fertilizers Fred, 1991). The chemical
fertilizers used must slather both pests and other
beneficial organisms that contribute high value functions
in agricultural areas (Preap, 2009). The same mention on
the loss of both pests and other beneficial organisms is
also mentioned by (Richard, 2010.)

2.1 Mechanism of action of biofertilizers
1) Biofertilisers fix atmospheric nitrogen in the soil and
and root nodules of legume crops and makes them
available to the plants.
2) They solubilise the insoluble forms of phosphate
like tricalcium, iron , and almunium phosphates into
available forms.
3) They scavenge phosphates from soil layers.
4) They produce hormones and anti‐metabolites which
promote root growth.
5) They decompose organic matter and help in
mineralization of soil.
6) When these biofertilisers are applied to the soils or
seeds biofertilisers increase the availability of the
nutrients and improves the yield by 10% to 20%
without adversely affecting the soil and
environment.
Biopesticides are certain types of pesticides derived
from such natural materials as animals, plants, bacteria,
and certain minerals. Biopesticides may also be defined
as biochemical pesticides that are naturally occurring
substances that control pests by nontoxic mechanisms.
Biopesticides are living organisms (natural enemies) or
their products (phytochemicals, microbial products) or
byproducts (semiochemicals) which can be used for the
management of pests that are injurious to plants.
Biopesticides have an important role in crop protection,
although most commonly in combination with other
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tools including chemical pesticides as part of Bio‐
intensive Integrated Pest Management .Biopesticides or
biological pesticides pose less threat to the environment
or to the health of the humans because they are targeted
to specifically a single pathogenic pest. These include
biofungicides
(Trichoderma),
bioherbicides
(Phytopthora)
and
bioinsecticides
(Bacillus
thuringiensis). The potential benefits to agriculture and
public health programmes through the use of
biopesticides are considerable. The interest in
biopesticides is based on the advantages associated with
such products which are:
1)
inherently less harmful and less environmental
load;
2)
designed to affect only one specific pest or, in
somecases, a few target organisms,
3)
often effective in very small quantities and often
decompose quickly, thereby resulting in lower exposures
and largely avoiding the pollution problems,
4)
When used as a component of Integrated Pest
Management (IPM) programs, biopesticides can
contribute greatly.

3. DIFFERENT TYPES OF BIOFERTILIZERS AND
THEIR CHARACTERISTIC FEATURES
Rhyzobium (RHZ)
These inoculants are known for
their ability to fix atmospheric nitrogen in association
with plants forming nodules in roots (stem nodules in
sesabaniamrostrata). RHZ are however limited by their
specificity and only certain legumes are benefited from
this symbiosis. They belongs to family Rhizobiaceae,
symbiotic in nature, fix nitrogen 50‐100 kg/ ha in
association with legumes only. It is useful for pulse
legumes like chickpea, red‐gram, pea, lentil, black gram,
etc., oil‐seed legumes like soybean and groundnut and
forage legumes like berseem and lucerne. Successful
nodulation of leguminous crops by Rhizobium largely
depends on the availability of compatible strain for a
particular legume. It colonizes the roots of specific
legumes to form tumor like growths called root nodules,
which acts as factories of ammonia production.
Rhizobium has ability to fix atmospheric nitrogen in
symbiotic association with legumes and certain non‐
legumes like Parasponia. Rhizobium population in the
soil depends on the presence of legume crops in the field.
In absence of legumes, the population decreases.
Artificial seed inoculation is often needed to restore the
population of effective strains of the Rhizobium near the
rhizosphere to hasten N‐fixation. Each legume requires a
specific species of Rhozobium to form effective nodules (
Mishra D.J et al, 2012).
Plant Growth‐Promoting Rhizobacteria (PGPR) –
These are naturally occurring soil bacteria that
aggressively colonize plant roots and benefit plants by
providing growth promotion. PGPR are associated with
plant roots and augment plant productivity and
immunity; however, recent work by several groups
shows that PGPR also elicit so‐called ‘induced systemic
tolerance’ to salt and drought. PGPR might also increase
nutrient uptake from soils, thus reducing the need for
fertilizers and preventing the accumulation of nitrates
and phosphates in agricultural soils. Scientiﬁc researches

involve multidisciplinary approaches to understand
adaptation of PGPR, effects on plant physiology and
growth, induced systemic resistance, biocontrol of plant
pathogens, bio fertilization, and potential green
alternative for plant productivity, viability of co
inoculating, plant microorganism interactions, and
mechanisms of root colonization. Root colonizing
bacteria like, Azospirillum, and Pseudomonas species are
known to produce growth hormones which often leads
to increase root and shoot growth. Plants differ in the
leaves and ration of the hormones required to maintain
normal growth and development. Industrial production
of inorganic fertilizers a costly process dependent on
energy derived from fossil fuel, which is getting depleted
at a faster rate. On the contrary use of microbial
inoculants is not only a low cost technology but also
takes adequate care of soil health and environmental
safety. Intensive search a number of microorganisms
have been recognized as nitrogen fixers. This is no doubt
a low cost technology capable of bringing rich‐dividends
to the farmers. However, transferring a technology to the
farmers’ field is of paramount importance. Generally the
effect of biofertilizers on crop growth and yield is not as
sticking as that of chemical fertilizers. Since it is a living
system and the influence is subject to environmental,
biological and nutritional stresses.
Azospirillum:
belongs
to
family
Spirilaceae,
heterotrophic and associative in nature. In addition to
their nitrogen fixing ability of about 20‐40 kg/ha, they
also produce growth regulating substances. Although
there are many species under this genus like,
A.amazonense, A.halopraeferens, A.brasilense, but,
worldwide distribution and benefits of inoculation have
been proved mainly with the A.lipoferum and
A.brasilense. The Azospirillum form associative symbiosis
with many plants particularly with those having the C4‐
dicarboxyliac path way of photosynthesis (Hatch and
Slack pathway), because they grow and fix nitrogen on
salts of organic acids such as malic, aspartic acid. Thus it
is mainly recommended for maize, sugarcane, sorghum,
pearl millet etc. The Azotobacter colonizing the roots not
only remains on the root surface but also a sizable
proportion of them penetrates into the root tissues and
lives in harmony with the plants. They do not, however,
produce any visible nodules or out growth on root tissue.
Azotobacter: belongs to family Azotobacteriaceae,
aerobic, free living, and heterotrophic in nature.
Azotobacters are present in neutral or alkaline soils and
A. chroococcum is the most commonly occurring species
in arable soils. A. vinelandii, A. beijerinckii, A. insignis and
A. macrocytogenes are other reported species. The
number of Azotobacter rarely exceeds of 104 to 105 g‐1
of soil due to lack of organic matter and presence of
antagonistic microorganisms in soil. The bacterium
produces anti‐fungal antibiotics which inhibits the
growth of several pathogenic fungi in the root region
thereby preventing seedling mortality to a certain
extent. The population of Azotobacter is generally low in
the rhizosphere of the crop plants and in uncultivated
soils. The occurrence of this organism has been reported
from the rhizosphere of a number of crop plants such as
rice, maize, sugarcane, bajra, vegetables and plantation
crops which the fungal partner is benefited by obtaining
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its carbon requirements from the photosynthates of the
host and the host in turn is benefited by obtaining the
much needed nutrients especially phosphorus, calcium,
copper, zinc etc., which are otherwise inaccessible to it,
with the help of the fine absorbing hyphae of the fungus.
These fungi are associated with majority of agricultural
crops, except with those crops/plants belonging to
families
of
Chenopodiaceae,
Amaranthaceae,
Caryophyllaceae,
Polygonaceae,
Brassicaceae,
Commelinaceae, Juncaceae and Cyperaceae.

Zinc solubilizers: The nitrogen fixers like Rhizobium,
Azospirillum, Azotobacter, BGA and Phosphate
solubilizing bacteria like B. magaterium, Pseudomonas
striata, and phosphate mobilizing Mycorrhiza have been
widely accepted as bio‐fertilizers. However these supply
only major nutrients but a host of microorganism that
can transform micronutrients are there in soil that can
be used as bio‐fertilizers to supply micronutrients like
zinc, iron, copper etc.,The zinc can be solubilized by
microorganisms viz., B. subtilis, Thiobacillus thioxidans
and Saccharomyces sp. These microorganisms can be
used as bio‐fertilizers for solubilization of fixed
micronutrients like zinc. The results have shown that a
Bacillus sp. (Zn solubilizing bacteria) can be used as bio‐
fertilizer for zinc or in soils where native zinc is higher
or in conjunction with insoluble cheaper zinc
compounds like zinc oxide (ZnO), zinc carbonate
(ZnCO3) and zinc sulphide (ZnS) instead of costly zinc
sulphate.
Blue Green Algae (Cyanobacteria) and Azolla: These
belongs to eight different families, phototrophic in
nature and produce Auxin, Indole acetic acid and
Gibberllic acid, fix 20‐30 kg N/ha in submerged rice
fields as they are abundant in paddy, so also referred as
„paddy organisms‟. N is the key input required in large
quantities for low land rice production. Soil N and BNF
by associated organisms are major sources of N for low
land rice4. The 50‐60% N requirement is met through
the combination of mineralization of soil organic N and
BNF by free living and rice plant associated bacteria. To
achieve food security through sustainable agriculture,
the requirement for fixed nitrogen must be increasingly
met by BNF rather than by industrial nitrogen fixation.
BGA forms symbiotic association capable of fixing
nitrogen with fungi, liverworts, ferns and flowering
plants, but the most common symbiotic association has
been found between a free floating aquatic fern, the
Azolla and Anabaena azollae (BGA). Azolla contains 4‐5%
N on dry basis and 0.2‐0.4% on wet basis and can be the
potential source of organic manure and nitrogen in rice
production. The important factor in using Azolla as
biofertilizer for rice crop is its quick decomposition in
the soil and efficient availability of its nitrogen to rice
plants. Besides N‐fixation, these biofertilizers or
biomanures also contribute significant amounts of P, K,
S, Zn, Fe, Mb and other micronutrient. The fern forms a
green mat over water with a branched stem, deeply
bilobed leaves and roots. The dorsal fleshy lobe of the
leaf contains the algal symbiont within the central cavity.
Azolla can be applied as green manure by incorporating
in the fields prior to rice planting. The most common
species occurring in India is A. pinnata and same can be
propagated on commercial scale by vegetative means. It

may yield on average about 1.5 kg per square meter in a
week. India has recently introduced some species of
Azolla for their large biomass production, which are
A.caroliniana.
Phosphate solubilizers: Several reports have examined
the ability of different bacterial species to solubilize
insoluble inorganic phosphate compounds, such as
tricalcium
phosphate,
dicalcium
phosphate,
hydroxyapatite, and rock phosphate. Among the
bacterial genera with this capacity are pseudomonas,
Bacillus, Rhizobium, Burkholderia, Achromobacter,
Agrobacterium, Microccocus, Aereobacter, Aspergillus,
Flavobacterium and Erwinia. There are considerable
populations of phosphatesolubilizing bacteria in soil and
in plant rhizospheres. These include both aerobic and
anaerobic strains, with a prevalence of aerobic strains in
submerged soils. A considerably higher concentration of
phosphate solubilizing bacteria is commonly found in
the rhizosphere in comparison with non rhizosphere
soil. The soil bacteria belonging to the genera
Pseudomonas and Bacillus and Fungi are more common.

Phosphate absorbers (Mycorrhiza): The term
Mycorrhiza denotes “fungus roots”. It is a symbiotic
association between host plants and certain group of
fungi at the root system, in land salinity/alkaline
affected5. Therefore, the inoculations with PSB and other
useful microbial inoculants in these soils become
mandatory to restore and maintain the effective
microbial populations for solubilization of chemically
fixed phosphorus and availability of other macro and
micronutrients to harvest good sustainable yield of
Role of Bio‐Fertilizer in Organic
various crops. 18(
Agriculture: A Review by Mishra D.J., Singh Rajvir,
Mishra U.K. and Shahi Sudhir Kumar ).

4. DIFFERENT TYPES OF BIOPESTICIDES AND
THEIR CHARACTERISTIC FEATURES
Microbial pesticides‐ These contain a microorganism
(bacterium, fungus, virus, protozoan or alga) as the
active ingredient. Microbial pesticides can control many
different kinds of pests, although each separate active
ingredient is relatively specific for its target pest[s]. For
example, there are fungi that control certain weeds, and
other fungi that kill specific insects. The most widely
known microbial pesticides are varieties of the
bacterium Bacillus thuringiensis, or Bt, which can control
certain insects in cabbage, potato, and other crops. Bt
produces a protein that is harmful to specific insect pest.
Certain other microbial pesticides act by out‐competing
pest organisms. Microbial pesticides need to be
continuously monitored to ensure that they do not
become capable of harming non‐target organisms,
including humans. PIPs are pesticidal substances that
plants produce from genetic material that has been
added to the plant. For example, scientists can take the
gene for the Bt pesticidal protein, and introduce the gene
into the plants own genetic material. Then the plant,
instead of the Bt bacterium manufactures the substance
that destroys the pest. Both the protein and its genetic
material are regulated by EPA; the plant itself is not
regulated.
Biochemical pesticides‐ These are naturally occurring
substances such as plant extracts, fatty acids or
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pheromones that control pests by non‐toxic
mechanisms. Conventional pesticides, by contrast, are
synthetic materials that usually kill or inactivate the
pest. Biochemical pesticides include substances that
interfere with growth or mating, such as plant growth
regulators, or substances that repel or attract pests, such
as pheromones. Because it is sometimes difficult to
determine whether a natural pesticide controls the pest
by a non‐toxic mode of action, EPA has established a
committee to determine whether a pesticide meets the
criteria for a biochemical pesticide.

5. ROLE OF BIOFERTILIZERS IN INCREASING
THE PRODUCTIVITY OF TEA AND REDUCING
THE USE OF CHEMICAL FERTILIZERS
It has been found and also observed that with the advent
of chemical fertilizers and the excessive use of these
chemical fertilizers to gain a maximum output has
finally lead to the immense adverse effects on
environment. The adverse effect of high dose offertilizers
on crop (Saha et al., 2000 ;) and soil (Van Herwaarden et
al., 1998 ;) evident in later years. Even, in agricultural
sector, inorganic fertilizers have already been termed as
one of the most important agents for causing pollution to
soil and water (Prakasa Rao and Puttanna, 2000).
Application of inorganic fertilizers even at balanced
amount did not sustain the soil fertility and productivity
under continuous cropping (Kumpawat, 2004). The
impact of such high dose of fertilizers on growth and
yield of tea was well documented by many authors (Dev
Chaudhury et al., 1983) b). Environmental pollution and
residue left over by chemicals applied on soil are gaining
due importance and looked into seriously in tea
(Barooah, 2005) as tea is also a foreign exchange earner
and has to face intrinsic network of tests of different
certifying agencies. Tea is likely to be a perennial crop
and so it does not have the advantage of gaining
nutrients from the residues of previous crops through
the system of crop rotation. Therefore the tea plants are
grown under the leguminous shade trees, and there
remains a weed flora on the soil which provides the
nutrients and adds vegetative nutrients to the grounds to
nourish the tea plants. Shade trees drop leaves, twigs,
pods, dry branches etc (Dutta, 1960; Visser, 1961,
Barua,1989, Verma et al., 2001) and weeds provide dead
and decayed materials (Ranganathan et al., 1980) to tea
soil,which helps in adding the amount of organic matter
and nutrients to tea soil from different sources like
shade trees, pruning litters, weeds etc were available,
but a holistic approach to conservation of all these
materials, estimations on total gains and losses through
natural processes in field condition and a look into
possibilities of reducing fertilizers in lieu of addition of
the above materials were lacking.
On the other hand the applications of various
biofertilizers are gaining popularity in plant nutrition of
other crops. Rhizobium (D. N. Saikia et al, 2011),
Azotobacter and diazotrophicus, (Cavalcante and
Dobereiner, 1988), Azospirillum (Fages, 1994), PGPR
(Kloepper et al., 1980), VAM (Misra, 1997, Borthakur,
2001) etc. had been reported to be useful in nutrient
management of crops to increase yield.

Under these conditions where tea plants needs to be
protected estimation was made on the gain of nutrients
through the addition of shade tree droppings, pruning
litters cheeled weeds etc. The observations were
recorded where the tea plants were divided in four plots
and the shaded tree droppings, fallen leaves on the
ground and weed biomass were collected from time to
time and then added to the soil. Similarly the pruning
litters were also colleceted chopped and added to the
plots where the tea plants were planted. Weeds were
collected
from time to time and added to the
soil.Annalysis was made for all these samples for their
NPK content and field records were done through
weekly plucking
In another part estimation was also made to ensure the
rationalization of nutrient application in tea through the
conservation of the available biomass and reducing the
inorganic fertilizer. The estimation was made by an
experiment which was done in RBD design with three
replications and each plot consisted of 200 plants. The
experiment was taken up in order to see if reduction in
application of inorganic N fertilizer could be managed by
retaining all available bio‐mass in that particular section.
In a third part the introduction of biofertilizers were
done to increase the productivity of tea plants and also
to reduce the application of inorganic fertilizers. An RBD
design was formulated with seven treatments and three
replications where the tea –plants were planted in plots
during June, 2009, and allowed to grow and tipped at 70
cm from ground. Plants were again pruned during later
part of January, 20 I0, at 35 cm from ground and tipped
at 70 cm.
The treatment and conservation of biomass for the
second experiment can be understood by the treatment
details where T1 had control (No biomass) + NPK @
130:30: 130, T2 had Available biomass + NPK @ 130: 30:
130, T3 had Available biomass + 20% reduction in N in
NPK, T4 had Available biomass + 30% reduction in n in
npk, T5 had Available biomass + Quick decomposer
(Fusarium+ Aspergillus + Trichoderma @ 5% each)
In the third experiment the treatment combinations
were T1,= Control, T2= 30g each of RP and SSP in
planting hole before planting +YTD at usual dose and
interval as per recommendation,T3 = 25% of both basal
and YTD fertilizers, Kat 100%+ Bioconsortium, T4= 50%
of both basal and YTD fertilizers, K at 100%+
Bioconsortium ,T5= 75% of both basal and YTD
fertilizers, K at 100%+ .Bioconsortium ,T6= Soil with RP
and SSP + Bioconsortium ,T7= Only soil + Bioconsortium.
The bioconsortium had biofertilizers like Azospirillum,
PSB, Trichoderma, AMF.
In the result it was found that in the Light Prunning
years litter was found to vary from 3598 kg/ ha to 3980
kg/ha with an average of 3769 kg/ha. In DS it ranged
froml411 kg/ha to1375 kg/ha with an average of 1398
kg/ha. 2007 was an UP year.
Shade trees provided 558,707 and 716 kg of materials
like twigs, pods, decayed branches etc. in the year 2005,
2006 and 2007 respectively. In this three‐year pruning
cycle (LP‐DS‐ UP), as high as 5167 kg pruning litters was
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available. . In the UP year there was 670 kg of fallen
leaves that increased to 743kg/ha in DS and 1078 kg/ha
in LP. A total of2491 kg/ha was received in the pruning
cycle.

It was also observed that the active period of tea leaves
was about six months after which the tea plants shed
leaves to the ground. Working in South India, 32Verma et
al. (2001) reported that nearly 57 kg N/ha was recycled
to tea soil through addition of 2708 kglha foliage from
the shade trees of Gravillea robusta. Weed contributed
only 230 kglha in UP year while in LP it rose to 1087
kglha with a total of2208 kglha in the pruning cycle.In a
mass when calculated together all of them contributed
to a total of 6492 kg of biomass/ha in LP, 3739 kg/ha in
DS, and 1616 kg/ha in UP. The grand total came upto
12025 kg/ha of biomass added to the soil in pruning
cycle. The variation can be found in Table 1.

Table‐2: Total Biomass and Effect of Treatments on the
Yields of Tea.

Tre
at

Mean
Bioma
ss

Yield
(KMT
H)
2008
(LP)

T1

Yield
(KMTH)
2009(U
P)

Yield
(KMT
H)

Mean
Yield(KMT
H)

2010
DS

2197

2113

1711

2007

T2

3150

2346

2330

1808

2161

T3

3227

2331

2329

1810

2157

T4

3390

2248

2323

1725

2099

T5

3424

2481

2423

1839

2248

519.64

Ns

206.75

77.0

Table‐1 Year wise addition of biomass (kg/ha) to ground
under tea
COMPONENTS

2005

2006

2007

TOTAL

MEAN

Fertilizer NPK

100‐
20‐
100

100‐
20‐
100

100‐
20‐
100

100‐
20‐
100

100‐
20‐
100

3769

1398

0

5167

1722

558

707

716

1981

660

Fallen leaves

1078

743

670

2491

830

Weeds

1087

891

230

2208

736

Total

6492

3739

1616

11847

3949

Prunning
litters
Shade
drops

tree

( Sustainable productivity of tea through conservation of
bio‐mass, addition of bio‐fertilizers and reduction of
inorganic fertilizer by D. N. Saikia1; J. Sarma; P. K. Dutta
and D. K. Baruah,2011)
In the second experiment the total bio‐mass recorded in
pruning year and the yield data recorded which was
found in 2008, 2009 and 2010 in second experiment are
given in Table (2) below. It can be observed from the
Table 2 that there was no significant variation between
the available bio‐mass in the plots where the average
bio‐mass was recorded 3298 kg/ha. In the first year that
is in 2008 the main effect of treatment on yield of tea
was not very significant. The yield however tended to
increase in treated plots compared to control. The main
effect of the treatment on yield of tea was found to be
significant (pd"0.05) in 2009. All the treatments were
found to increase crop significantly over control but
between them there was no difference. In 2010 also, the
effect of treatment was significant (pd"0.05) and T2,, T1
and T5 were found to increase the crop over control. The
yield was found to reduce at T4 i.e. when fertilizers were
reduced by 30% and was at par with the control where
fertilizers were not applied. .( D. N. Saikia et al,2011) .

( Sustainable productivity of tea through conservation of
bio‐mass, addition of bio‐fertilizers and reduction of
inorganic fertilizer by D. N. Saikia1; J. Sarma; P. K. Dutta
and D. K. Baruah,2011)
In the third experiment the effect of biofertilizers on
pruning litters were noted and given in TABLE format 3.
All the treatments increased pruning litters over control.
Maximum pruning litter was found in T6 treatment
where bio‐consortium was added with standard
practice. Bio‐consortium showed minimum impact when
applied with control without RP/SSP. The effect of bio‐
consortium on yield of young tea was found to be
significant (pd" 0.01). All the treatments increased the
yield over control. Although bi‐consortium treatments
T4, T5 and T6 showed increasing yield over T2 i.e.
standard practice, only T5 with 75% of fertilizer i. e with
25% reduction from standard practice showed
significant increase. Bio‐ consortium with only 25% of
the fertilizer or with only soil showed minimum effect.
Thus, it appears that with addition ofbio‐fertilizers in
young tea about 25% reduction of recommended
fertilizers may be possible. Boddey et al. (1988)
estimated from pot and field studies that contribution
from BNF in sugarcane could be 5‐60 kg N/ha/yr.35
Mertens and Hess (1984) also reported significant yield
increase in wheat (10‐40%) above control mainly with
intermediate rates ofN‐fertilizer by inoculation with
Azospirillum.
Table 3: Effect of Biofertilizer on Prunning Litters
Treatment

Prunning
litters

Yield

TI=Control

35.59

302.79

T2=30 g RP and SSP in
planting p it + YTD

73.86

422.30

T3=25% of both basal and
YTD fertilizers

58.52

387.29
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+ 100%K +Bio‐consortium
T4=50"10 of both basal and
YTD fertil izers

66.53

446.33

66.79

459.11

T6= Soil with RP and SSP+
Bio‐consortlUm

96.64

420.47

T7=Only
soil
consortium

40.36

339.00

+ IOO%K+Bio‐consortium
T5=75% of both basal and
YTD fertilizers
+ 100%K +Bio‐consortium

+

Bio‐

( Sustainable productivity of tea through conservation of
bio‐mass, addition of bio‐fertilizers and reduction of
inorganic fertilizer by D. N. Saikia1; J. Sarma; P. K. Dutta
and D. K. Baruah, 2011)
Finally it can be concluded that the conservation of
available biomass in tea sections provided high amount
of organic matter that added good amount of nutrient to
the soil. Pruning litters singly provided 75 kg/ha N, 16 kg
P2o5 and 26 kg K2o/ha. Fallen leaves and weeds also also
provided good nutrient supply. 20% reduction of
nitrogen fertilizer was possible. Finally application of
biofertilizer consortium helped in reducing 25% dose of
YTD manure.

6. INCREASE IN PRODUCTIVITY OF RICE
THROUGH THE INRODUCTION OF NITROGEN
FIXING
BACTERIA
AND
PHOSPHATE
SOLUBILISING
BACTERIA
AS
BIOFERTILIZERS
The Nitrogen fixing bacteria Azospirillum were the
major attractions as biofertilizers which could increase
the productivity of rice and help in their proper
commercial exploration. Nitrogen fixing bacterias are
capable of fixing atmospheric nitrogen and P‐
solubilizing microbes solubilize phosphate into soluble
form.
In a Randomized Block Design pattern of study with ten
treatments and three replications where the treatments
consisted of T1=Control, T2=Biofertilizers, T3=RDF,
T4=RDF+
biofertilizers
(Azospirillum
and
phosphobacterin), T5=RDF +ZnSO4@ 25 kgha‐1,
T6=RDF + biofertilizers + ZnSO4 @25 kgha‐1, T7=150
per cent RDF, T8=150 per cent RDF + Biofertilizers,
T9=150 per cent
RDF + ZnSO4 @ 25 kgha‐1and
T10=150 per cent RDF + ZnSO4 @ 25 kgha‐1+
Biofertilizers. One month old seedlings were
transplanted in the main field with 2 seedlings per hill.
Before transplanting, seedlings of respective treatments
were inoculated with biofertilizer slurry. A fertilizer
dose of 75:75:90 kg N, P2O5 and K2O ha‐1 (RDF) and
150 per cent RDF was applied in two split doses.
Fertilizers were applied in the form of urea,
diammonium phosphate and muriate of potash and
ZnSO4 @ 25 kgha‐1was applied in the respective
treatments .

In the results of these treatments showed that T10 which
received 150 per cent RDF, biofertilizers and ZnSO4 @
25 kg ha‐1 recorded the highest value for all yield
components such as number of productive tillers per hill
(16.1), mean panicle length (25.7 cm), mean panicle
weight (3.5 g), number of grains per panicle (148.0) and
test weight (30.1). Treatment T1 (control) recorded the
lowest value for all yield components. Number of
productive tillers per hill, number of grains per panicle
and test weight in treatment T10 was on par with T9, T6,
T8 and T7 and was significantly superior over all other
treatments.35 Kumari et al (2000) suggested that the
productive tillers had significantly increased with the
increased levels of nitrogen upto 120kg/ha . The total
and filled grains per panicle and grain weight increased
with increase in nutrient application. It can be estimated
that the increase in yield is due to the inoculation of
Azospirillum which is capable of fixing nitrogen and
making it available to the crop throughout the crop
period.
In the case of grain and straw yield, T10 recorded the
highest value (111.2 q ha‐1 and 127.6 q ha‐1) and T1
recorded lowest value (45.3 and 49.5 q ha). T10 was on
par with T9 and T6 and was significantly superior over
all other treatments. Harvest index of the experiments
ranged from 0.47 to 0.49. There was no significant
variation in harvest index of rice due to nutrient and
biofertilizers. The higher yield in T10 was due to the
higher magnitude of yield components. Kumari et al.
(2000) reported that nitrogen level increased from 40 to
120 kg ha‐1 brought about significant increase in grain
yield over control. The grain yield, straw yield and the
harvest index has been stated in Table‐4.
Table 4: Effect of nutrients and biofertilizers on grain
yield, straw yield and harvest index

Treatments

Grain
yield

Straw
yield

Harvest
index

T1 Control

45.3

49.5

0.47

T2
Biofertilizers

57.1

59.7

0.48

T3 RDF

84.0

88.3

0.49

T4
RDF
+
Biofertilizers

88.4

90.0

0.49

T 5 RDF +
ZnSO4
25
kg/ha

92.3

96.0

0.49

T6RDF + ZnSO4
25 kg/ha +
Biofertilizers

102.5

117.4

0.47

T7 150% RDF

97.4

101.9

0.49

T8 150% RDF +
Biofertilizers

99.3

104.3

0.48

T9 150% RDF +
ZnSO4
25

107.7

123.3

0.47
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kg/ha
T10150% RDF
+ ZnSO4 25
kg/ha
+
Biofertilizers

111.2

127.6

0.47

S.em

3.6

3.4

0.2

CD

10.6

10.0

NS

(Effect of Nutrients and Biofertilizers on Yield and Yield
Components of Rice in Coastal Alluvial Soil of Karnataka*
by DHANYA V. MATHEWS, P. L. PATIL AND G. S. DASOG).
The increase in yield is due to the inoculations with
biofertilizers which might not be solely due to nitrogen
fixation or phosphate solubilization, but because of
several other factors such as release of growth
promoting substances, control of plant pathogens,
proliferation of beneficial organisms in the rhizosphere.
These findings were in accordance with (Tein et al.
(1979) and (Kundu and Gaur et al(1984).( (DHANYA V.
MATHEWS, et al, 2006).

7. POTENTIAL ROLE OF AZOLLA AND
ANABAENA
AS
BIOFERTILIZERS
TO
INCREASE THE PRODUCTIVITY OF RICE
Apart from India where the use of biofertilizers has
significantly increased as seen above, the use of
biofertilizer has also significantly increased in European
countries like Italy, Germany and other Nordic countries.
Azolla is a heterosporous pteridophyte, with seven
species. It contains, as endosymbiont, Anabaena azollae
Strasburger, a nitrogen fixing cyanobacterium
(Nostocaceae family). Available bibliographical data on
its environmental development are principally related to
experiments carried out in Asian countries (D. T. Tuan et
al, 1979)
Rice yields decline with time,( J. K. Ladha et al , 2000.),
in long‐term experiments carried out in a rice‐rice
intensive system under tropical conditions, and this is
related by the authors to the decrease of the
physiological N use efficiency. Long‐termeffects of urea
and greenmanure on rice yield and nitrogen balance
were also verified in temperate conditions (D. Casanova,
et al, 2002.) Where the nitrogen use efficiency (NUE)
was particularly low It is particularly important to
increase the efficiency of nitrogen use and concomitantly
to reduce water pollution, by changing strategies of
mineral use and by integrating organic fertilizers in the
rice production system.
Therefore under temperate climatic conditions and
environment, different Azolla strains, were chosen on
comparison basis and on the basis of their resistance to
low temperatures, (b) analysing the spring growth rate
of the most resistant one, (c) determining the
concentration of N in the Azolla before the sowing of rice
to evaluate it as rice biofertilizer, and (d) assessing the
morphological modification of Azolla in response to
treatments with three kinds of commonly used
herbicides.

The four BGC strains were compared with another
(“Milan”) which had previously aclimatized, over several
years, to the environmental conditions of the Milan‐
Pavia province in Italy, located in the European Rice Belt
(latitude 45◦ N). The winter experiment, carried out to
evaluate cold resistance through growth analysis of the 5
strains, started on Dec. 6th 2000, approximately 50 days
after the arrival of the new strains.
In the results it was found that all the strains with low
winter temperature resistance ,had a progressive
decrease in
leaf dimensions
, associated with
accumulation of anthocyanins.In due course of time , the
Japan and Italy strains assumed a tawny colour (an
indicator of drying preceding death). After 126 days
from the beginning of the experiment, on the Apr. 11th
2001, these strains were eliminated from the
experiment. By April, the leaf dimensions of the
remaining strains were comparable to those at the
outset of the experiment, with the leaves of the Milan
strain bigger than those of the Sweden and Germany
strains. Carbon and Nitrogen content, and C/N ratios in
Azolla strains. It was observed that high quantities of
nitrogen in the leaf of the Japan and Italy strains, which
appeared to be related to the decrease of its biomass
during the test. The Milan strain showed lower nitrogen
content, but a good C/N ratio associated with a high RGR.
In another part, the mean temperatures and RH% during
the course of the experiment showed that Azolla biomass
has increased which means that thay are
somewhat
dependent on air humidity, as at less than 60%relative
humidity, the fern becomes dehydrated and
fragile.During the experiment, the RH% dipped below
this critical level for a brief period. The growth rate
measurements are important in the estimation of the
amount of Azolla required to inoculate rice paddies and
to provide a sufficient nitrogen contribution (25–30 Kg
ha−1).
In a third part of herbicide treatments analysis of the
nitrogen and carbon content show that significant
differences between treatments were noticeable for the
nitrogen and carbon contents, while differences in C/N
ratios are less marked. Herbicide treatments generally
caused stress, with an associated fall in N and C content
until death ensued. Treatments with 6 L/ha of Propanil
and Oxadiazon were, from the outset, deleterious for
nitrogen and carbon accumulation. reatment with 200
g/ha of Cinosulfuron initially caused no change or only a
slight increase in nitrogen and carbon content. At 13
days, the fresh weight of the samples treated with
Cinosulfuron had shown slight increase of biomass in
respect to initial inoculum. However, after this
intermediate phase, Cinosulfuron caused a progressive
deterioration leading to the death of the fern. Only
Propanil 6Lha−1 treatment allowed 60% of plants to
survive, albeit with reduced quantities of nitrogen fixed.
Finally it can be concluded that although the 4 strains
are all recognized as cold resistant, adapted to
continental climates or to cold winters, the results
indicated that only the Milan strain is likely to be
capable of surviving Northern
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Italian winter conditions. The Milanstrain was therefore
used in a herbicide resistance study and that the use of
Azolla in Po Valley conditions has a potential to be used
as a biofertilizer.

8. THE CURRENT STATUS OF BIOFERTILIZER
IN INDIA
The fertilizer consumption varies from 130, 125, 60 and
70 kg Hect (NPK) for north, south, west and east
respectively making for a national average of approx. 90
kg/Hect. Some states like Punjab are using more than
167 kg nutrients per hectare as against some using less
than 10 kg nutrients per hectare. Even the full potential
of available technologies is not fully utilized due to the
fact that nutrient input doesn't match the needs of crop

and soil. In case of biofertilizers the production and
supply of microbial cultures, the quality of the cultures
and the lack of publicity are affecting their popularity as
nutrient sources. The government has no control over
manufactures of biofertilizers for any of the state of
India. Only a few entrepreneurs posses ISI mark for their
products and most of the products are of substandard
quality. Due to these laxities on the part of Govt. the
farmers are confused about their rates, availability and
expiry dates. The necessary action by government and
its policies will certainly go to a long way in the further
development of the biofertilizers.( S. Rajasekaran et al
2012, )

Table‐ 5: Changing Composition of Biofertilizers in India
Year

2004‐
2005

2005‐2006

2006‐2007

2007‐
2008

2008‐
2009

2009‐
2010

2010‐
2011

Toatal Tonnes
% share

1600.01

2914.37

4988.90

6688.32

6681.44

6295.63

6700.3

Rhizobium

57.27

40.50

29.41

21.15

20.84

19.85

18.62

Azotobacter

13.00

22.20

18.47

18.46

15.51

17.30

17.74

Azospirillum

12.54

11.11

14.08

17.99

11.34

10.17

11.77

Nitrogen fixer

82.81

73.80

61.96

57.61

47.69

47.32

48.12

Bga

0.00

0.00

0.06

0.04

0.01

0.02

0.04

Phosphate
solubilizer

17.19

26.20

35.77

40.46

49.88

48.75

48.98

(FERTILIZER ASSOCIATION OF INDIA) .( S. Rajasekaran ,
K. Sankar Ganesh , K. Jayakumar , M. Rajesh , C.
Bhaaskaran , P. Sundaramoorthy , Biofertilizers‐Current
Status of Indian Agriculture International Journal of
Environment and Bioenergy, 2012, 4(3): 176‐195 )

9. POTENTIAL ROLE OF BIOPESTICIDES IN
KILLING DIFFERENT INSECTS
Biopesticides represent only 2.89% (as on 2005) of the
overall pesticide market in India and is expected to
exhibit an annual growth rate of about 2.3% in the
coming years . In India, so far only 12 types of
biopesticides have been registered under the Insecticide
Act, 1968. Neem based pesticides, Bacillus thuringensis,
NPV and Trichoderma are the major biopesticides
produced and used in India. Whereas more than 190
synthetics are registered for use as chemical pesticides.
Most of the biopesticides find use in public health, except
a few that are used in agriculture. Besides, i) transgenic

plants and ii) beneficial organisms called bio‐agents: are
used for pest management in India.
In certain cases of biopesticides where the use of the
insect‐pathogenic fungus Metarhizium anisopliae against
adult Aedes aegypti and Aedes albopictus mosquitoes has
also been reported( E.J. Scholte, et al 2007).The life span
of fungus‐contaminated mosquitoes of both species was
significantly reduced compared to uninfected
mosquitoes. The results indicated that both mosquito
species are highly susceptible to infection with this
entomopathogen.
In another case Entomopathogenic fungi (Hypocreales)
have been used for the control of potato psyllid plants
until caterpillars fell from the plants onto cotton sheets.
This technique is now used to obtain caterpillars which
are fed on virus‐infected seeds. Baculovirus preparations
obtained in this way are used by farmers to prepare a
bioinsecticide spray applied on pigeonpea fields.
Another baculovirus, HaSNPV is almost identical to
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HzSNPV. It was registered in China as a pesticide in
1993.It has been used for large scale biopesticide
production and has been extensively used on cotton
fields. Broad spectrum of biopesticide based on HaNPV is
also used in India (M. Srinivasa, et al,2008).

to biofertilizers. I am also thankful to Techno India
University for giving me a chance to pursue my Ph.d and
for funding my project.

In another case the neem plants have been used as
biopesticides. Neem products are effective against more
than 350 species of arthropods, 12 species of nematodes,
15 species of fungi, three viruses, two species of snails
and one crustacean species . Azadirachtin, a
tetranortritarpinoid, is a major active ingredient isolated
from neem, which is known to disrupt the
metamorphosis of insects. Two tetracyclic triterpenoids ‐
meliantetyraolenone and odoratone isolated from neem
exhibited insecticidal activity against Anopheles stephensi
. Neem Seed Kernel Extract (NSKE) was found most
effective in reducing the larval population of Helicoverpa
armigera in chickpea and pod damage. Neem
formulations also have a significant effect against eggs of
peach fruit fly Bactrocera zonata (Saunders). Over 195
species of insects are affected by neem extracts and
insects that have become resistant to synthetic
pesticides are also controlled with these extracts. The
apprehension that large‐scale use of neem based
insecticides may lead to resistance among pests, as being
observed with synthetic pesticides, has not been proved
correct (S. Bhushan, et al, 2011, ). Neem bio‐pesticides
are systemic in nature and provide long term protection
to plants against pests. Pollinator insects, bees and other
useful organisms are not affected by neem based
pesticides (Salma Mazid et al,2011).

1. Aggani Latha Swapna.2013. Development of
biofertilizers and its Future Perspective .J.Pharmacy .
(4):327‐332.

10. CONCLUSION
To increase the productivity of agricultural lands and
also to bring about the increase in yield of food crops the
use of beneficial microorganisms as biofertilizers has
shown a huge improvement in recent years . So now the
use of chemical fertilizers and chemical pesticides must
be lessened . In this review also the proper use of
biofertilizers on both rice and tea showed an increase in
yield in both cases. Now the time has come for the
farmers to accept this new technology. Council of
Agriculture (COA) held various seminars as well as
workshops on the application of biofertilizers, so that
farmers would have the opportunity to understand the
effects of biofertilizers and are willing to use them.
Farmers were invited to inspect the growth of
AMF,Rhizobial or PSB inoculated crops in the fields and
were encouraged to participate in workshops after
viewing the successful outcomes of using biofertilizers.
The application of inorganic chemical fertilizers was thus
significantly reduced to 30‐50%. This helps in the
realization of environmental friendly and sustainable
agriculture.
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