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ABSTRACT

An experiment was conducted in the tropical coastal climate of Bhubaneswar by taking five crop
combinations. Coconut was grown as main crop along with four component crops; banana, guava,
pineapple and colocasia in a system. Different nutrient sources were used and crop specific growth
regulators were applied at specific growth stages. The study was conducted to assess the effects of
cropping system, nutrient and growth management practices on the generation of recyclable
biomass from coconut as well as from the system as a whole. The biomass was calculated on the
basis of dry weight of the plant products. The production of total recyclable biomass was found
highest (18.5 t/ha) in the cropping system where the plants were managed with 50 % RDF+ 50 % N
(organic recycling with vermicompost + in situ green manuring + vermicompost wash) with
biofertilizers and plant growth regulators (PGRs). The sole cropping of coconut was found to have
lowest production of the same. The cropping system which is managed with fully organic sources
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the extent of double than the coconut.

of nutrient without any growth regulator was found least among all other systems except the sole
cropping. The incorporation of intercrop has increseaed the amount of plant recyclable biomass to

Keywords: Vermicompost; RDF; monocropping; plant growth regulators.

1. INTRODUCTION

Coconut (Cocos nucifera L.) is an important high
value perennial crop usually grown by small and
marginal farmer in coastal Odisha. Due to the
regular flowering and fruiting nature of coconut, it
is regarded as a source of continuous income for
the growers. Owing to insufficient nutritional
inputs, fluctuation in market price of fruits and
fruit products and the continuous environmental
disturbances like cyclones, the income of the
farmers varies. As per the research findings, only
23 % of land area and 30 % of active radiations
are utilized by the coconut palm when it grows in
recommended spacing (7.5m x  7.5m)
(Maheswarappa et al.,, 2001). The remaining
unutilized land can be successfully utilized by the
incorporating some intercrops which can fit into
the climate and generally don’t compete with the
main crop. The addition of intercrops, annual or
perennial will help the farmers to gain some
additional income and it will add positive impact
on the main crop yield and productivity.

When it comes to the low yield of any crop the
major factor lies with the insufficient nutrition
given to the plant. The growth, yield and quality
of coconut as well the intercrops also get
affected by the nutritional management practices.
Again sole practices of the inorganic nutrient
sources is hazardous to the soil and for the entire
ecosystem. Environmental degradation is a
major threat for the world and the extensive use
of inorganic fertilizers contributes largely to the
deterioration of the environment. It leads to
loss of soil fertility due to imbalanced use of
fertilizers adversely affecting agricultural
productivity and causing soil degradation [1].
Addition of organic sources of nutrients,
biofertilizers can improve the biological
properties of sail, improve the uptake of nutrient,
by improving the mineralization and enhance the
yield of the crop in a sustainable manner. Again
the growth and yield of these crops can be
improved further by application of specific growth
regulator at specific period of growth stage and in
definite concentration.

Apart from the economical yield, a huge amount
of crop biomass is also produced in the high

density multi species cropping system. In
coconut based high density multispecies
cropping system, a huge amount of biomass is
produced in the form of leaves, coconut spathe,
remnant, of dried bunch etc [2]. Apart from
coconut, the intercrops like banana, pineapple,
guava and tuber crops produce a significant
amount of biomass each year. In various regions
of India, burning of agricultural crop residues has
become an  annual problem  causing
environmental hazard and affecting the health of
human and other animals [3]. This biomass
should be managed properly and can be
successfully recycled into the system in the form
of biological fertilizers like vermicompost, FYM
etc. which can be included into the nutrient
management regime of the crops. The coconut
leaf vermicompost has C: N ratio of 9.95 with
1.8% N, 0.21% P, 0.16% K and organic carbon
content of 17.84% [4]. Vermicompost is an
excellent  bio-fertilizer, which has been
investigated to have favorable influence on the
growth and yield parameters of several crops [5].
The vermicompost produced in this way will
enrich the soil carbon stock, improve the yield
and quality of the crop produce and will help the
farmer in reducing in the cost of cultivation.

Keeping the above fact in view the present
investigation entitted “Effect of nutrient
management and plant growth regulator on
generation of recyclable biomass in coconut
based cropping system” was carried out to study
the amount of recyclable biomass (t/ha)
produced in the coconut based integrated
cropping system with application of different plant
nutrients and growth management practices
during the cropping year 2016-17 and 2017-18.

2. MATERIALS AND METHODS

The present study was conducted in the
experimental farm, under the Department of Fruit
Science & Horticulture Technology, College of
Agriculture, OUAT, Bhubaneswar during the
period July 2016 to June 2018. The experimental
area experiences a tropical humid climate. The
average temperature and relative humidity and
annual rain fall of the experimental period (2016-
17 and 2017-18) the location was recorded and
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is shown in Fig. 1. The soil of the research
station where this experiment was carried out
was sandy clay loam in texture. The physical and
chemical parameters of the experimental soil is
presented in Table 1.

The crop combination taken in the cropping
system was coconut + banana+ pineapple +
guava + taro. The coconut cv. Sakhigopal Local
was grown as the principal crop at a spacing of
7.5x7.5 m. Banana cv. Poovan, pineapple cv.
Queen, guava cv. Arka Amulya and colocasia cv.
Muktakeshi were grown as intercrops within the
coconut garden in organized manner. The
integrated nutrition management (INM) practices
were imposed along with plant growth regulators
(PGRs). The treatments were finalized as T1:
75% of recommended NPK + 25 % N through
organic recycling with vermicompost, T2: 75% of
Recommended NPK+ 25% N through organic

recycling with vermicompost + PGRs’; T3: 50 %
of recommended NPK + 50 % N through organic
recycling with vermicompost + in situ green
manuring+ vermicompost wash + biofertilizers;
T4:50 % of recommended NPK + 50 % N
through organic recycling with vermicompost + in
situ green manuring + vermicompost wash +
biofertilizers + plant growth regulator; T5: Fully
organic (100 % N through organic recycling with
vermicompost + in situ green manuring +
vermicompost wash + CCP+ biofertilizers ;
T6:Fully organic (100 % organic recycling with
vermicompost + in situ green manuring +
vermicompost wash + CCP+ biofertilizers +
PGRs ; T7 : Sole cropping of coconut with 100%
recommended doses of fertilizer. The experiment
was designed in randomized block design (RBD),
with 7 treatments replicated 3 times. The
analysis and interpretation of data were done by
using the method of Panse and Sukhatame [6].

Climate Report - 2016-17 and 2017-18 Years
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Fig. 1. Average annual rainfall, temperature and relative humidity 2016-17 and 2017-18

Table 1. Physico- chemical characteristics of experimental soil

Soil characters

Soil depth 0-30 cm

A. Mechanical composition
Sand (%)

Silt (%)

Clay (%)

B. Textural class

C. pH,, (1:2.5 = Soil: Water)
Organic carbon(g kg™ soil)
Available nitrogen (kg/ha)
Available phosphorous (kg/ha)
Available potassium (kg/ha

59.7

17

233

Sandy clay loam
55

4.60

221

28

134
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In the present experiment, crop specific growth
regulators were used. In coconut, freshly opened
inflorescences in the palm were selected for
PGR (plant growth regulator) application. 2-4-D
@ 30ppm along with coconut water was applied
to each inflorescence two weeks after the spathe
splitting. 10 ppm NAA was applied to the core of
pineapple plant in the month of November, one
month before the usual flowering time. For
banana, 50 ppm GA; was applied at the
time of bunch opening. NAA @ 50 ppm was
applied on guava in the early stage of fruit
setting.

The details of RDF (recommended doses of
fertilizer) followed in the present experiment are
described in Table 2. According to the doses of
nutrient, each crop was managed. The NPK
content of the organic sources was also
estimated (Table 3) and accordingly the amount
was calculated for application in different
treatments. Two biofertilizer strains Azotobacter
and Azospirillum were used. The different growth
regulators were applied in the respective crops at
the particular growth phases.

The recyclable biomass of coconut and
component crops was estimated and the method
adopted are described below

e Coconut: The dried fallen leaves (after
removing the petiole), spathe and bunch
waste (after harvesting the nuts) of
coconut were collected separately as and

when fallen and dry weight was estimated.
The total biomass obtained from each
palm in each treatment was calculated and
converted to kg/ha.

e Banana: The banana plants were removed
at the ground level at the time of harvest
and the weight was estimated. The plant
was separated into pseudo stem and
leaves. Each part was weighted separately
and the sample was taken for dry weight
conversion.

e Pineapple: The crown part of fruit after
harvesting of the fruit and the whole plant
including the roots were collected and the
weight was taken. Sub sample of the plant
was taken and oven dried and the weight
was calculated.

e Guava: The weight of fallen leaves was
taken at monthly interval by collecting them
by spreading the nylon sheet and the dry
weight of pruned biomass was taken and
average was worked out. The dry weight
pruned branch was recorded after each
pruning.

e Colocasia: The biomass from colocasia
was calculated on plant basis and
converted to per hectare on the basis of
the accommodation of number of plants
/ha.

The recyclable biomass collected from each
individual crop in the treatments was added to
get the total recyclable biomass of the system
and expressed in g/ha.

Table 2. Recommended doses of fertilizers applied in different crops in the cropping system

Crop Recommended doses of fertilizers (g/plant/year)

N P,0s K,0
Coconut 500 320 1200
Banana 250 125 300
Pineapple 12 4 12
Guava 500 320 300
Colocasia 80 (kg/ha) 25 (kg/ha) 100 (kg/ha)

Table 3. The NPK content of the organic sources used in the system

Organic sources Nitrogen (%)

Phosphorous (%) Potassium (%)

2016-17 201718 2016-17 2017-18 2016-17 2017-18
Vermicompost 1.4 1.6 0.24 0.23 0.36 0.36
Vermicompost wash 0.6 0.5 0.90 1.0 0.14 0.20
Cowpea (GM) 1.9 1.8 0.26 0.28 0.12 0.14
CCP 1.03 1.01 0.06 0.05 1.20 1.21
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3. RESULTS AND DISCUSSION

Among all the crops, highest recyclable biomass
was generated from the principal crop, coconut in
the form of coconut leaflets, petioles, spathes,
inflorescences waste etc. The biomass obtained
from coconut was ranged from 7.5 to 9.2 t/ha
under different treatments (Fig. 2). Among all the
practices followed, mono-cropping had the
lowest production of total biomass (7.5t/ha) than
that much produced from coconut palms grown
inside the cropping system. Recyclable biomass
originated alone from coconut palm was found
highest (9.2 tonnes/ha) with 50% RDF + 50 % N
through organics along with biofertilizers inside
the cropping system.

The increase in recyclable biomass might be due
to the production of higher number of leaves,
bunches (spathe & dry inflorescence) in coconut
in that very treatment. The production of RBM
from the coconut palms alone was found to be
decreased with the sole use of either kind of
nutritional sources (either pure organic form; T5
and T6 or in pure chemical sources; T7)
however, the total production of recyclable
biomass in the system was found to be increased
in the pure organic practices due to the addition
of intercrops and might be due to the system
effect. The chemical fertilizers contain higher
amounts of nutrients and become available more
quickly than the organic sources. Addition of
organic sources and biofertilizers might have
improved the soil biological environments which
again help the uptake of nutrient from the soil.
The increase in microbial population in the soil
also helps in mineralization of soil nutrient from
unavailable form to available form which again
improves the nutrient uptake by the roots. The
application of biofertilizers like Azotobacter and
Azospirillum increase the synthesis of plant
growth promoters like auxin which helps crop
growth further [7]. Organic sources contain small
amounts of different macro and micro nutrients
which generally affect the plant health in the long
run [8].

The recyclable biomass production of coconut
was found to be increased in the second year of
experiment. The increased in production in the
subsequent year might be due to the residual
effects of organic sources [9] and bio fertilizers
added. Coconuts being a perennial crop, the
application of nutrient sources affect the plant in
better way but the response is generally seen in
the subsequent years. On the other hand the
organic sources contain a higher portion of

carbon sources which act as an excellent food
source for the soil microbes [10,11] however the
amount of major nutrients like nitrogen,
phosphorus, and potash is not comparable with
the chemical fertilizers. Again, these sources are
slow releaser of nutrients and when sole
applications of these sources were done they did
not meet the crop demand and the vegetative
and reproductive growth got affected so as the
biomass.

The total recyclable biomass produced obtained
in the sole cropping of coconut was much lesser
as compared to the cropping system which
ranged from 7.62 tonnes/ha (2016-17) to 7.64
tonnes per hectare (2017-18) in both the years.
The highest quantity of the same was produced
from the crops receiving nutrient from 50 percent
of RDF and 50 percent of N from organic sources
along with biofertilizers and with application of
PGRs on respective intercrops. The total
recyclable biomass production was more or less
same in the 2™ year (2017-18) that of the
biomass produced during the 1% year of
experiment (2016-17) (Fig. 3). The increase in
the total biomass in T4 (18.5 t/ha) was
contributed through the biomass added by the
intercrops. The increment in intercrops biomass
might be attributed by the use of crop specific
growth regulators along with combination of
inorganic and organic nutrient sources. The
production of recyclable biomass in the CBHDCS
(Coconut based high density cropping system)
comprising coconut, banana, nutmeg, pineapple
and tuber crops in the system was also reported
9110 kg/ha to 17612 kg/halyear [2]. Shinde et al.
[12] had also reported that the biomass
generation under cropping system was more
than that of monocropping in Maharashtra
condition.

Analysis of the production of RB inside the
cropping system revealed that the palms
contributed nearly 43 percent to the total
recyclable biomass produced whereas the
contributions of all other crops (intercrops) were
57 percent (Fig. 4). Besides addition to the total
income of the farmer by generating economical
yield the intercrops produced enormous quantity
of recyclable biomass which can help in
sustainable production of the crops. Similarly the
contribution of different treatments for biomass
production was studied and it was observed that
the cropping system had an impact on the palm
growth and production of recyclable biomass
which was enhanced by the integration of
different  nutrient sources. The nutrient
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combination where 50% RDF was supplied and
rest 50% N was supplied from organic sources
with biofertilizers and growth regulators produced
maximum biomass in the system. The
combination was 11 per cent superior to the
combination of 75% RDF + 25 % N from
vermicompost. Similarly, the 50:50 ratio of
combination was 25.7 % superior to complete
organic package. The PGR was more effective

with complete organic combination (75%) than
the other treatments. The plant growth regulators
which were used in the system are generally the
growth enhancing hormones (auxins and
gibberellins). Auxin influences the division of the
cells which affect the growth of the plant and
improved the fruit yield. The gibberellins cause
the cell elongation which increases the weight
produces of bunch in case of banana [13].

12.00

Recyclable biomass obtained from coconut palm (t/ ha/year)

10.00

8.00 -
6.00 -

t/ha

4.00 -
2.00 A

0.00 -

T1 T2 T3 T4

Treatments

T5 T6 T7

Hcoconut1l M coconut 2

Fig. 2. Effect of cropping system and INM with or without PGR on generation of recyclable
biomass from coconut palm
e Coconut 1- Recyable biomass generated from coconut in 2016-17
e Coconut 2- Rcyable biomass generated from coconut in 2017-18
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Fig. 3. Effect of cropping system and INM with or without PGR on generation of total recyclable
biomass in the coconut based cropping system
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Biomass generation in the cropping system

M Intercrops M coconut

Fig. 4. Percentage of biomass produced by coconut and intercrops in the system

4. CONCLUSION

From the above experiment, it can be concluded
that the addition of intercrops can add huge
amount of recyclable biomass to the cropping
system in addition to boosting the farmer income.
This biomass can be recycled in to the system by
vermicomosting which will improve the soil
fertility and boost the yield of crops in sustainable

manner. The production is also influenced
according to different nutrient management
practices. The combination of organic and

inorganic sources, biofertilizers along with
specific plant growth regulators enhanced the
growth of plants so to the production of biomass.
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