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ABSTRACT

Nutrient depletion is a reversible constraint and therefore high agricultural production can be realized with
appropriate soil nutrient management. Careful manipulation of nutrient stocks and flows, in order to achieve satisfactory
and sustainable level of agricultural production is the Integrated Plant Nutrient System (IPNS). IPNS is holistic and
sustainable approach to attain the maximum profitability and cost benefit ratio for the farmers. It is nutrient saving,
controls erosion and recycles crop residues, manures and other biomass or nutrient adding. Different IPNS packages
have been reported to improve growth and yield of banana (Musa spp). Through combined application of chemical
fertilizers, organic manures, bio-fertilizers and bio-control agents in IPNS have profound effect in improving quality
parameters like total soluble solids (TSS), ascorbic acid, total reducing and non-reducing sugars of banana. It also
improves the physical, chemical and biological properties of soil, especially the number of beneficial soil microflora.
Considering the ill effects of chemical fertilizers, it is high time to use IPNS in banana cultivation instead of using
chemical fertilizers alone. The paper reviews all the literature on various aspects of banana cultivation from the IPNS
perspective for better understanding and future strategies for improved production as well as quality of banana.
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Banana (Musa spp), family Musaceae, is the world’s
largest monocotyledonous, monoecious, monocarpic,
perennial herb with 1 000 varieties in the world and is the
fourth in the list of the developing world’s most important
food crops after rice, wheat and maize. With 55 million
tonnes, production of desert banana is the second highest of
all fruits in the world, just behind the oranges (Anonymous
2000).

Banana is a heavy feeder of nutrients for optimal growth,
development and yield. Inorganic fertilizers generally supply
the requirements of these nutrients. However, long term and
indiscriminate application of inorganic fertilizers without
sufficient integration of organic manures results in depletion
of soil organic matter. This ultimately checks the microbial
biomass of the soil profile and lost its biological dynamics
and often results in extreme situations for the soil, crop and
climate involved. An excess use of inorganic fertilizers
could be the main cause of pollution in surface and ground
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water (Vandanashiva 1992). The fertile soils become
degraded under the influence of indiscriminate and
uncontrolled use of inorganic fertilizers. Romero (1998)
pointed out that the intensive banana culture has caused a
gradual decrease in soil fertility to such an extent that today
100% more fertilizer is required to produce the same yield
that was previously obtained. The indiscriminate and
imbalanced use of fertilizers in agriculture is the main reason
behind depletion of productivity and loss of soil fertility
(Swaminathan 1996).

In recent years, a new concept for utilization of available
resources, viz. organic, inorganic and microbial inoculants
with an integrated approach for sustainable economic yield
termed as ‘Integrated Plant Nutrition System’ (IPNS) has
emerged. The basic principle of IPNS is to maintain soil
fertility to an optimum level, sustaining the increased
productivity and improving farmers profitability through a
judicious use of mineral fertilizers, organic manures,
vermicompost and biofertilizers. The IPNS is ecologically
sound and economically viable farming system that
empowers economy and efficiency in fertilizer use and
favourably affects the physical, chemical and biological
environment of the soil (Tandon 1991).

In general, IPN'S maintains soil fertility and plant nutrient
supply to an optimum level for sustaining the desired crop
productivity through optimization of the benefits from all
possible sources of plant nutrients in an integrated manner
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(Yadav et al. 2011). The components of IPNS are less
expensive, eco-friendly and sustainable and do not require
non-renewable source of energy during their production.
Considering the environmental and ecological problems
and present energy crisis, [IPNS has been gaining popularity
all over the world.

The research works conducted throughout the world on
the influence of IPNS on growth, yield, quality and
economics of banana is therefore being reviewed in this

paper.

IPNS on growth parameters of banana

Nutrients are the most important factor affecting
vegetative growth of banana. Application of IPNS plays an
important role in growth and development of the banana.
Kumar and Shanmugavelu (1980) reported that, both soil
and foliar application of nitrogen in combination with
Azotobacter improved the growth parameters (plant height,
girth, influence the leaf number, leaf area, phyllochron and
sucker production) of banana significantly. Azospirillum
inoculation in general enhanced the height and girth of
pseudostem, leaf production and leaf area in cv. Poovan.
Inoculation of Azospirillum with 75% of N also had
significant effect on the vegetative parameters and reducing
the phyllochron (Jeeva et al. 1988). The length, fresh and
dry weight of roots of plants of cv. Dwarf Cavendish
increased when plants inoculated with Glomus fasciculatum
mycorrhizae (Umesh ef al. 1988). Similarly, green manuring
with Sesbania rostrata at 50 kg/ha improved plant growth
characters, bunch characters, reduced crop cycle and
compensated the extra cost leading to higher cost benefit
ratio. Biofertilizers like Azotobacter, Mycorrhiza,
Phosphorine induced greater vigour and faster development
of banana plantlets and reduced the phase of pre-adaptation
to field conditions by 15 to 20 days (Ruiz et al. 1992).
Furthermore, a combination of 25% N as FYM + 50% as
Azadirachta indica cake + 25% as urea reduced the crop
duration of cv. Rasthali followed by application of 25% N
as Azadirachta indica cake + 75% as urea (Prabhuram and
Sathiamoorthy 1993). Gubbuk et al. (1993) obtained highest
growth rate of cv. Cavendish with the integration of 80 g N/
mat and 225 kg FYM/mat and a combination of 320 g N/
mat with 150 kg FYM/mat for cv Basrai. Tissue-cultured
banana plants enriched with organic manure resulted in
greater plant growth and dry matter (Smith 1994). Alonso-
Reyes et al. (1995) reported that when banana cv. Parecidoal
Rey inoculated with Glomus fasciculatum and phosphate
mobilizing bacterium (MOSP Pseudomonas fluorescens),
increased plant height. Inoculated Williams banana with
vesicular-arbuscular endomycorrhizae (VAM) and P fertilizer
increased vegetative growth such as pseudostem length and
number of green leaves (El-Demerdash et al. 1995).
Likewise, Hemeng et al. (1995) obtained significantly higher
plant height, girth and early flowering in plantain in poultry
manure alone or poultry manure in combination with 25%
inorganic NPK. Tissue cultured plantlets of cv. Giant
Cavendish grown in an alluvial soil with 2% of organic
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matter and half of the recommended dose of fertilizer N was
optimal to the physiological requirements of the entire crop
cycle (Chiang et al. 1996). Dibut et al. (1996) investigated
the potentiality of Azofobacter chroococcum as a nitrogen
fixer and biostimulant for cv Giant Cavendish and Burro
CEMSA. They reported that bacterial inoculation stimulated
the plant height, number of leaves and shoots and pseudostem
diameter after 6 months for Giant Cavendish and after 3
months for Burro CBMSA. Similarly, Roy and Yadav (1996)
studied the effect of combined application of inorganic
fertilizers with organic manures and reported that 25%
FYM and 75% inorganic fertilizers not only improved
vegetative growth but also shortened the time required for
emergence of bunch. Combined use of Azotobacter,
mycorrhiza and phosphorine as biological growth stimulant
also reported to increase the dry weight of in-vitro plants
and reduced the hardening stage (Ruiz 1997). Pinochet et
al. (1997) found that inoculation with Glomus intraradices
significantly increased growth of plants in relation to non-
mycorrhizal plants. Inoculation of cv. Grand Naine with
Glomus mosseae (Jaizme-Vega et al. 1998) and in
combination with Glomus aggregatum (Jaizme-Vega and
Pionchet 1997) encourages most of the growth parameters.
Similarly, application of organic manure in combination
with mycorrhizal inoculation resulted in increasing
pseudostem circumference of Grand Naine banana (Smith
1998). Plant inoculation with Azotobacter enhanced infection
and spore production by VAM. This synergistic interaction
may lead to substantial increase in growth (Ischac and
Mostafa 1998). Inoculation of suckers of cv. Giant Governor
with Azospirillum with 50% recommended dose of N resulted
in maximum plant height and leaf size (Tiwari ef al. 1998).
On the other hand, combined effect of commercial mixture
of microorganisms containing N-fixing bacteria, humus-
producing bacteria, moulds and algae improved pseudostem
circumference and advanced the flowering time (Fernandez
et al. 1998). In another experiment, 75% of recommended
NPK with 2 kg of vermicompost recorded minimum number
of days (236.30) for shooting and shortened the crop duration
by 13.2 days over inorganic fertilizers in cv. Rajapuri (Athani
et al. 1999).

El-Naby (2000) studied the effect of banana compost
as an organic manure on the growth of Maghrabi cv. Banana
compost enriched with 50 or 25% chemical fertilizer NPK
+ sulphur improved the vegetative growth of banana. Besides,
the largest number of suckers also obtained with banana
compost + 75% NPK + sulphur. Soliman (2001) observed
that banana plants inoculated with free nitrogen fixing
bacteria, mycorrhizal fungi and yeast increased the
pseudostem height, total number of leaves and the dimensions
of the third leaf from the top of plants. A foliar spray of
active dry yeast at 1.0, 1.5, 2.0, 2.5 and 3.0 g/litre twice a
year effectively increased pseudostem length and leaf area
(E1 Shammaa 2001). El Aziz (2002) studied the effect of
Biogein, Nitrobein and Microbein biofertilizers and organic
manure (EI-Neel) on growth and productivity of Williams
banana and revealed that organic manure at 37.5 kg/stool/

[a]



August 2015]

year + 3 biofertilizers improved all the vegetative growth
characteristics under observations. However, the highest
values recorded for biogein followed by Nitrobein and
Microbein at 100 g/stool. In addition, EI-Moniem and
Radwan (2003) studied the effect of phosphate solubilizing
bacteria, Azospirillum spp. and Pseudomonas spp with
reduced doses of chemical fertilizers (25, 50 and 75%
NPK) on Williams banana and revealed that standard
treatment (100% NPK) increased the length and diameter of
pseudostem, number of green leaves and leaf area. The
plants receiving 25 or 50% NPK plus biofertilizer showed
slight increase in vegetative growth parameters. Likewise,
treatment of 400 g N and 200 g microbein biofertilizer/
plant/year produced the maximum height and girth of
pseudostem and total leaf area of Williams and Cavendish
bananas (Hammam et al. 2003).

The treatments of 100% recommended dose of NPK
+VAM + PSB + Azospirillum + Trichoderma harzianum
and, 75% of RD of NPK + VAM + PSB + Azospirillum +
Trichoderma harzianum in banana registered vigorous
growth in terms of pseudostem height and girth, and leaf
area (Kanamadi ef al. 2004). Similarly, significantly higher
plant height, plant girth, number of total and functional
leaves and minimum days to shooting and maturity reported
in banana cv. Dwarf Cavendish in VAM + 300 g N+ 75 g
P,05+ 300 g K,O treatment (Singh and Singh 2004). Babu
and Sharma (2005) in another study reported the highest
value of plant height and girth of banana under the treatment
100% NPK + 20 kg FYM + 10 kg Azolla. Likewise, the
treatment of 50% NPK + 20 kg FYM + 10 kg Azolla
recorded the minimum time requirement for shooting,
maturity and shortest crop duration. The profound effect of
IPNS reported on leaf emission rate, leaf senescence rate,
total leaf production and crop duration of banana (Babu
Ratan et al. 2008). Likewise, Athani ef al. (2009) reported
that combined application of inorganic fertilizers and
vermicompost was advantageous in increasing the plant
height, girth, number of functional leaves, leaf area and
number of suckers in banana cv. Rajapuri. Again, the
application of 100% recommended dose of NPK through
inorganic sources + 10 kg FYM/plant + biofertilizer recorded
the maximum plant height and stem girth in tissue cultured
banana cv. Grand Naine (Bhalerao et al. 2009).

The inoculation of roots of banana plantlets with
combination of nitrogen and plant growth promoting
rhizobacteria (PGPR) as a bio enhancer and biofertilizer
resulted into early flowering and increased the plant height,
leaf area, leaf mineral content and bunch yield (Mia et al.
2010). Similarly, the inoculation of tissue cultured banana
plantlets with N and PGPR improved shoot length and root
length (Mia et al. 2010a).

IPNS and leaf biomass and nutrient contents

The integrated use of inorganic nitrogen and organic
manure in Robusta banana crop triggered an increase in leaf
phosphorus and nitrogen content than organic manure alone
(Lyengar et al. 1984). Besides improving leaf morphology
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by mycorrhizal treatment of both Maghrabi and Hendi
banana, fresh and dry weight of leaves also increased (EI-
Demerdash 1988). Jeeva et al. (1988) found that inoculation
with Azospirillum with 100% nitrogen enhanced the leaf
production and leaf area. El-Demerdash et al. (1995)
indicated that the inoculated Williams banana with
endomycorrhizae (VAM) and P increased leaf N, P and K
contents. The addition of a liquid suspension from Retflopx
357, acommercial mixture of microorganisms to the banana
cv. Dwarf Cavendish, increased phosphorus content in leaves
(Fernandez et al. 1998). Inoculation of banana cv. Grand
Naine plants with Glomus mosseae enhanced levels of leaf
N, P, K, Ca and Mg in comparison with non-mycorrhizal
plants (Jaizme-Vega et al. 1998). Likewise, Tiwari et al.
(1999) obtained highest leaf nitrogen content (2.83%) in
suckers inoculated with Azospirillum in combination with
100% nitrogen and phosphorus. In addition, suckers,
inoculated with Azotobacter and receiving 100% nitrogen
had highest leaf potassium content (3.74%), followed by
Azospirillum inoculated suckers (3.69%) at the vegetative
stage. Similarly, both FYM and banana compost along with
100% chemical fertilizer + sulphur produced high contents
of N, P and K in the leaves of Maghrabi banana (EI-Naby
2000). Similarly, banana plants inoculated with free nitrogen
fixing bacteria, yeast and mycorrhizal or their combinations
significantly increased N, P and K contents in roots and
leaves as compared to untreated control (Soliman 2001).
El-Shammaa (2001) reported that banana plants treated
with active dry yeast as foliar spray with different
concentrations, effectively increased leaf chlorophyll and
plant nutritional status. The leaf nitrogen, phosphorus and
potassium content are increased by increasing the rates of
biofertilizers and organic manure on Williams banana plants
El-Aziz (2002).

IPNS in yield parameters and yield of banana

The careful and composed use of organic manures,
biofertilizers and inorganic fertilizers have been found
beneficial in improving the yield parameters as well as yield
of different fruits including banana. The number of fruits/
bunch and crop yield of banana cv. Embul increased by the
application of cattle manure and cattle shed waste (Herath
et al. 1977). The combination of urea and castor cake (1:1)
reported economically best for improving yield in banana
cv. Basrai (Chundawat er al. 1983). The bunch weight-
determinants, i.e. number of hands and fingers in banana
significantly influenced by foliar application of urea with
Azotobacter (Kumar and Shanmugavelu 1988). Jeeva et al.
(1988) reported that the bunch weight of banana cv. Poovan
(AAB) was increased by 8.2% for plants inoculated with
Azospirillum compared to non-inoculated control receiving
100% N plants. The highest bunch weight (10.9 kg) of
banana cv. Prata was obtained from plots receiving
FYM+NPK (Gomes et al. 1988). Gubbuk et al. (1993)
obtained the highest stem and fruit growth rates with 225 kg
FYM/mat for dwarf Cavendish and 150 kg FYM/mat for
Basrai banana. The FYM also reduced the time for fruit
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development compared to inorganic N. The usefulness of
organic sources of nutrient could also be witnessed from the
study of Bananuka and Rubaihayo (1994) and they obtained
37.6% greater bunch weight and 66% greater yield in banana
grown in backyard garden than distant banana garden due to
continuous supply of compost and household waste.
Likewise, Hemeng ef al. (1995) observed higher yield in
plantain by applying poultry manure alone or in combination
with 25% NPK. Similarly, Dibut et al. (1996) studied the
potential of Azotobacter chroococcum as a nitrogen fixer
and bio stimulant for banana production on c.v. Giant
Cavendish in Cuba and reported that bacterial inoculation
could compensate 20% of the N fertilizer without changing
the yield corresponding to 30 g N/plantlet. Dorel and Besson
(1996) reported that although organic matter application is
costly and labour intensive, it had profound beneficial effects
on yield parameters as well as yield of banana. Roy and
Yadav (1996) also reported highest yield in banana with the
combination of organic manures and inorganic fertilizers. In
addition, Singh et al. 1996 reported that the combination of
nitrogen (300 g), potassium (200 g), oilcake (100 g) and
planofix 150 ppm in two splits gave the highest yield with
early maturity in banana. Similarly, biofertilizers like
Azotobacter, mycorrhiza, phosphorine increased commercial
yield by 25-30%, enabling a saving of up to 50% on inorganic
fertilizer (Ruiz 1997). Vermicompost as organic sources to
supplement 200 g nitrogen/plant in banana cv. Njalipoovan
recorded highest number of fingers/hand, mean weight of
hands and highest yield (Ushakumari e al. 1997). Romero
(1998) reported the increased yield of banana by using
compost, animal manure, vermicompost and green manure
crops like Crotolaria sp. and Clitoria sp. to supplement
chemical fertilizers. Similarly, organic manures in
combination with 100% NPK increased the bunch weight
by 4.43 and 5.10 kg over control and lowered days to
harvest in cv. Grand Naine (Smith 1998). Cattle manure,
crop residues and lime either singly or in combination had
influence on yield, cycle length and bunch weight (Gomes
et al. 1998). Fernandez et al. (1998) found that the number
of fingers per hand for cv. Dwarf Cavendish by using of
Retflopx 357 (a commercial mixture of microorganisms).
Again, Tiwari et al. (1998) obtained higher number of
hands per bunch and highest yield of 69.15 tonnes/ha when
plants were inoculated with Azospirillum. Application of
bio-fertilizers (Azospirillum, phosphobacteria and VAM)
and organic manure (FYM) along with 75% NPK increased
bunch weight up to 15.3 kg in hill banana Virupakshi
(Chezhiyan ef al. 1999). On the other hand, inoculation with
Azotobacter could substitute 50% nitrogen requirement of
banana and produce higher yield over full dose of nitrogen
application (Tiwari ef al. 1999).

Application of banana compost with 25 or 50% chemical
fertilizers and sulphur reported higher yield in banana in
terms of number of fingers, finger length and circumference
(EI-Naby 2000). IPNS package consisting of green manure
or vermicompost at 5 kg/plant and 75% of the recommended
dose of N reported to be very much effective for higher
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yield of banana cv. Nendran (Geetha and Nair 2000).
Azotobacter and organic sources as N supplements increased
bunch weight, yield and leaf relative water content in banana
cv. Barjahaji (Sharma 2002).

Hammam ef al. (2003) found that application of N in
combination of organic and mineral sources significantly
improved the physical characters of the bunch namely
number of hands/bunch, number of fingers/hand, weight of
hands and finger and pulp/peel than the application of
inorganic N alone. The highest number and weight of bunch,
fingers/hand, weight of second hand and harvest index of
banana was obtained in Azospirillum +PSB + 2 RD of N +
RD of P,O5 and K,O (Gogoi et al. 2004). In addition, Singh
and Singh (2004) observed significantly higher finger length,
fingers/bunch, hands/bunch and bunch weight in banana cv.
Dwarf Cavendish applied with VAM + 300 g N + 75 g P,O5
+ 300 g K,O. The treatment 50% NPK + 20 kg FYM + 10
kg Azolla recorded the maximum number of fingers per
bunch and yield in banana cv. Jahajee (Babu and Sharma
2005). Mia et al. (2005) found that number of hands per
bunch, weight of hand, bunch weight and yield increased
with 50% or 33% recommended dose of N along with
Azospirillum + phosphate solubilising bacteria or plant
growth promoting rhizobacterium.

The IPNS package consisting of 20 tonnes FYM, 5 kg
Azospirillum, phosphobacteria, 250 g neem cake and
200:35:330 g NPK/plant along with foliar application of
0.5% ZnS0y, 0.2% FeSO,, 0.2% CuSO,4 and 0.1% Borax
was also beneficial in getting highest bunch length, hands/
bunch, finger/bunch, bunch weight and yield/ha of banana
cv. Rasthali (Thangaselvabai et al. 2009). Likewise,
integrated use of inorganic fertilizers and vermicompost
also reported beneficial by Atahni et al. (2009) as the yield/
plant in banana cv. Rajapuri was improved. Again, Bhalerao
et al. (2009) reported that the application of 100%
recommended dose of NPK with 10 kg FYM and biofertilizer
recorded maximum hands/bunch, fingers/bunch, bunch
weight and yieldha in tissue cultured banana cv. Grand
Naine. Barakat et al. (2011) studied the performance of
different organic manures on yield and yield-determining
parameters of Williams banana and reported that different
organic fertilizer treatments increased the bunch weight,
number of hands, weight of hands, number of fingers and
finger weight.

IPNS and quality parameters of banana

Application of IPNS has significant contribution in
improving the quality of banana. It plays an important role
in betterment of quality parameters in terms of moisture,
titrable acidity, ascorbic acid, TSS, total sugars, reducing
sugars, non-reducing sugars and sugar acid ratio of juice
and taste of banana.

Umesh et al. (1988) found that fruit quality parameters,
viz. N, P, K, Ca, Mg contents, reducing and total sugars
percentage were increased when plants of cv. Dwarf
Cavendish were inoculated with Glomus fasciculatum
mycorrhizae. Tissue cultured plantlets of banana cv. Giant
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Cavendish treated with organic matter and half of the
recommended dose of N improved the quality in terms of
shelf-life and TSS content (Chiang et a/.1996). Similarly,
combination of nitrogen (300 g), potassium (200 g), oilcake
(100 g) and planofix 150 ppm in two splits improved TSS,
acidity, sugar, sugar-acid ratio and ascorbic acid (Singh et
al. 1996). Ushakumari et al. (1997) reported that the
vermicompost treatment in cv. Njalipoovan was very
effective to increase sweetness and sugar-acid ratio and
improve other quality parameters of the fruits as well. A
higher TSS and reducing sugar content also reported in
Azotobacter inoculated plants of cv. Giant Governor (Tiwari
et al. 1998). EI-Naby (2000) found that cv. Maghrabi treated
with banana compost + 50 or 25% chemical fertilizers and
sulphur resulted into the best quality fruits in terms of total
soluble solids/acid ratio. Likewise, higher pulp-peel ratio,
TSS and lower acidity was reported in cv. Rajapuri by using
100% recommended dose NPK +VAM + PSB + Azospirillum
+ Trichoderma harzianum (Kanamadi ef al. 2004). Similarly,
the inoculation of biofertilizers along with the application
of recommended dose of fertilizers proved most effective in
improving the fruit quality of dwarf cavendish banana cv.
Giant Governor (Suresh and Hasan 2001). Hammam et al.
(2003) found that the application of N from organic and
mineral sources significantly improved all chemical
characters such as TSS, total and reducing sugars and
decreasing starch and total acidity as compared to the
treatment comprised of N through inorganic source alone.
The fruit quality of banana also improved by the application
of biofertilizers including phosphate solubilising bacteria,
Azospirillum spp and Pseudomonas spp with NPK. The
treatment combination of biofertilizers and 75% NPK
produced the best quality fruits in terms of total soluble
solids, total sugars, acidity and starch (EI Moniem and
Radwan 2003). Similarly, significantly superior quality
parameters in cv. Rasthali in terms of TSS, reducing sugars,
ascorbic acid and starch were obtained by using 100:30:330
g NPK/plant and Azospirillum (Thangaselvabai ef al. 2009).
Mia et al. (2010) improved the physical attributes of fruit
quality of banana by inoculation of banana roots with plant
growth promoting rhizobacteria (PGPR).

IPNS and soil health

Soil properties and nutrient availability: IPNS has
been using in banana cultivation throughout the world. The
preference given is mainly due to the positive effect they
have on the physical, chemical and biological properties of
the soil. Continuous use of FYM along with NPK fertilizers
improved the physical properties of soil in addition to the
status of available P,Os, K,O, Zn and Fe, CEC and C:N
ratio (Prasad and Singh 1980, Manna and Ganguli 1998,
Santhy et al. 1999). The importance of earthworms in
improving the soil fertility was established during the mid-
1980s (Satchel 1958). Similarly, Das and Chaudhury (1981)
reported that the addition of organic manures with inorganic
fertilizers helped in increasing the organic matter contents
and structural status of the soil. Incorporation of organic
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manures improved the soil properties in turn, influenced
the productivity (Chowdhuri ef al. 1981). An application of
green manure and organic composts along with chemical
fertilizers increased available nutrients of soil (Subba Rao
1982, Sen and Patil 1988). Larson and Clapp (1984)
observed structural changes in soils due to addition of
organic manures, through the changes in pore size both
within and between the soil aggregates. Vermicompost
improved the physico-chemical properties of soil in the
form of mixing top soil, formation of soil aggregates,
improvement of drainage, porosity and aeration (Lee 1985).
Nutrient added through inorganic and organic sources in
combination has many beneficial effects like moisture
retention; nutrient conservation, root growth (Tandon 1991)
and better utilized than inorganic alone and therefore
maintained the soil health (Talashilkar and Vimal 1986,
Sarvanan et al. 1986). According to Bhadoria (1987), rice
husk, FYM, Azadirachta indica cake and sawdust reduced
the bulk density of the soil and increased moisture retention
capacity of soil. In general, organic inputs enrich soil nutrient
contents when used in conjunction with chemical fertilizers;
prevent unproductive nutrient loss by forming organo-
mineral complexes, which makes the nutrients more
available to the plant. It also has biological functions, which
provides carbon as an energy source to the soil microbes
and enhances the plant growth, root initiation, yield, nutrient
uptake and chlorophyll synthesis (Prakash and McGregor
1983, Garcia et al. 1998).

The effect of inoculation of Azotobacter alone or in
combination with Azospirillum was more pronounced on
the build up of available soil K,O and the response of single
or double inoculation was not consistent and conclusive
(Tiwari et al. 1999).

Combined application of urea and FYM significantly
increased organic carbon and available N status of soil over
equivalent N addition through urea alone. Available P,O5
and K,O contents of the soil decreased with successive rise
in levels of N addition through urea whereas the status of
these nutrients increased in combined application of urea
and manures (Gupta et al. 2000). Application of Azotobacter,
oil cake and 25% fertilizer N improved soil health and
proliferation of Azotobacter population as compared to 100%
N fertilizer alone (Sharma 2002).

Soil characteristics like pH, total N, available P,
exchangeable K status and organic carbon significantly
influenced by the combined application of biofertilizers and
inorganic fertilizers. Application of PSB along with SSP
significantly increased the available P,Os status in the soil
compared to application of SSP alone (Gogoi et al. 2004).
IPNS consisting of 50% RDF + lime + FYM improved the
soil physical condition, available nutrient status and organic
matter contents of the soil (Senapati e al. 2005). Babu and
Sharma (2005) reported that IPNS was beneficial for
improving the soil fertility by reducing the soil pH, EC and
bulk density and increasing the soil organic carbon, CEC
and water holding capacity as well as available N, P and K
contents of the soil. Similarly, Kannan et al. (2005) reported
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that application of 75% of N as vermicompost with
Azospirillum improved soil health by increasing beneficial
bacterial and fungal population in the soil. The soil physical,
biological and chemical properties i.e. soil pH, EC and
P,O5 contents influenced greatly by application of 50%
FYM + 50% inorganic fertilizers (Korwar et al. 2000).

Hazarika and Ansari (2010) reported that combined
application of NPK, FYM and biofertilizers have beneficial
effects in mobilizing the nutrients availability from unusable
form to usable form by their biological activities. Similarly,
maximum soil pH, organic C and available N, P,O5 and
K,0 was reported by integrating 100% RDF, VAM,
Azospirillum, PSB, and Trichoderma harzianum (Hazarika
et al. 2011).

Soil microflora: The soil microflora plays an important
role in maintenance of soil fertility. They have an ability to
carry out biochemical transformation by improving soil
physical and biological conditions (Roy and Braun 1987).
Weda et al. (1988) reported that combined application of
organic materials and inorganic fertilizers improved soil
microflora. Similarly, regular organic manures and
biofertilizers acting as substrate base provide energy and
enhanced population and activity of beneficial soil microbes
and their activities such as organic matter decomposition
(Yaduvanshi et al. 1985, Hussain et al. 1988, Gaur and
Pareek 1974); biological nitrogen fixation (Bhardwaj and
Gaur 1970, Mukherjee and Gaur 1980) and solubilisation
of insoluble phosphates (Gaur 1972). Loquet et al. (1977)
and Kale et al. (1992) reported an enhancement in the
population of N-fixers due to application of vermicompost.
The application of FYM stimulated the microbial
proliferation and the processes related to N cycling in soil
(Sutopo and Kuwatsuka 1992), while repeated and excessive
application of inorganic fertilizers affects microorganisms
which are essential for maintaining biological health of soil
(Sharma 1994). The quantities of microorganisms beneficial
for the soil increased considerably due to application of
Azotobacter, mycorrhiza and phosphorin (Ruiz ez al. 1992).
In general, integrated use of organic manures along with
chemical fertilizers enhanced the microbial biomass with
increased level of urease and phosphatase activities (Sarkar
et al. 1996).

Single inoculation with Azospirillum and double
inoculation of Azotobacter and Azospirillum induced
maximum number of N-fixing microbial colony during the
vegetative stage, shooting and harvesting of banana and
supplemented the recommended dose of nitrogen by 50%
(Tiwari et al. 1999). Similar results on use of organic manures
in augmenting microbial population in soil also obtained by
Maheswarappa et al. (1999), Saha et al. (1995) and Sharma
(1999). In addition, Tiwari et al. (2001) reported that
incorporation of leguminous and non-leguminous green
manuring crops improve biological properties of the soil.
Similarly, Gogoi et al. (2004) recorded maximum number
of microbial biomass population and dehydrogenase activity
in the soil by using Azospirillum +PSB + 2 RD of N + RD
of P and K.
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IPNS in economics of cultivation of banana

The review of literature reveals that IPNS packages are
superior to any other fertilizer management to mend the
economics of cultivation and subsequently, to achieve
maximum cost benefit ratio (C: B) in banana.

The combined application of organic and inorganic
fertilizers appeared to be the best way to achieve good
development of the plants and good financial return in
banana (Borges 1994). Chundawat et al. (1983) reported
that the combination of urea and castor cake (1:1) was the
economically best combination for improving yield in banana
cv. Basrai. Similarly, an application of banana compost with
25% or 50% chemical fertilizers and sulphur involved low
production cost in banana compared to chemical fertilizers
alone (El Naby 2000). Thangaselvabai et al. (2009) obtained
highest cost benefit ratio of 2.41 and net profit of * 75 743/
ha in the treatment 100:30:330 g NPK/plant in two splits
and Azospirillum under field trials conducted on banana cv.
Rasthali. Similarly, the application of 100% recommended
dose of NPK with 10 kg FYM/plant + biofertilizer recorded
the maximum monetary return of © 229 500, net profit Rs
7459/ha and C:B ratio of 1.48. This treatment followed by
the use of 50% NPK through FYM and green manure and
50% through inorganic sources + biofertilizers (Bhalerao et
al. 2009). Hazarika et al. (2014) obtained the highest C:B
ratio of 4.22 in the IPNS package with 100% RDF + VAM
+ Azospirillum + PSB + Trichoderma harzianum followed
by C:B ratio of 4.05 in 75% RDF + VAM + Azospirillum +
PSB + Trichoderma harzianum in tissue cultured plantlets
of banana cv Grande Naine in India.

The literature relevant to IPNS in growth, yield and
quality with special reference to banana cultivation reviewed
in this paper. A thorough knowledge of the critical levels of
different nutrient elements, time and method of application
of nutrients is essential to get better growth and yields, and
also to maintain optimum nutrient balancing, a prerequisite
enhancing nutrient use efficiency. Efficient nutrient
management plays an important role for better production
of banana. These information will definitely be useful in
better understanding of IPNS package as a holistic and
sustainable approach to improve the productivity and
profitability of fruit cultivation as well as to improve soil
health.
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