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ABSTRACT

 Coconut (Cocos nucifera L) is an important high vale crop, however mainly grown by small and marginal
farmers in the coastal Odisha condition. The poor productivity and profitability of coconut cultivation in
the particular area owes to the poor nutritional management and sole cropping. The experiment was
conducted by taking four intercrops (banana, pineapple, guava and colocasia) inside the coconut garden.
Different combinations of nutrient sources were used and crop specific growth regulators were applied at
specific growth stages. The study was conducted during 2016-17 and 2017-18 in order to assess the effects
of cropping system, nutrient and growth management practices on the soil organic carbon (SOC) as well as
the soil microbial population in two different soil layers in the system as well as insole cropping of coconut.
Soil microbial populations act as an index of soil fertility due to their active role in nutrient mineralization
in soil system. During both the years of investigation the soil organic carbon was found highest inside the
cropping system. Both SOC and microbial population were found maximum in the cropping system soil
managed with pure organic sources of nutrient.
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Introduction

Enhancement in the nutrient inputs, especially in the
form of chemical fertilizers into agricultural system
has became an essential practice. Chemical sources
are regarded as major contributor in enhancing the
yield and productivity of crop plants. Inorganic fer-
tilizer application is preferred by the growers for its
convenient use and quick response intensive agri-
cultural systems, however impacting on the below
ground microbial community. Microorganisms per-
form an important role in the nutrient cycling for
sustaining the productivity of the soils. Microorgan-
isms regulate the nutrient flow in the soil by assimi-

lating nutrients and producing soil biomass (immo-
bilization) and helps in mineralization of C, N, P and
S (Wani and Lee, 1995;). In natural systems, these
microbial nutrient transformations are key drivers
of plant growth and development, and sometimes
act as the rate-limiting step in ecosystem productiv-
ity (Schimel and Bennett, 2004). When the soil life
gets disturbed, all biochemical transformation
ceases endangering the sustainable production in
agriculture  Soils  under  monocultural  systems,  in
general,  contain significantly lower concentrations
and qualities of soil organic matter, less soil struc-
tural stability, community diversity and soil organic
carbon levels as compare to  cropping system
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(Debenport et al., 2015; Reganold and Wachter, 2016;
Wang et al., 2017).

Coconut (Cocos nucifera L.) is an important high
value perennial crop usually grown by small and
marginal farmer in coastal Odisha. As per the re-
search 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 ×
7.5m) (Maheswarappa et al., 2001). The remaining
unutilized land can be profitably utilized by the in-
corporating 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.

Addition of organic sources of nutrients,
biofertilizers can improve the biological properties
of soil, improve the uptake of nutrient, by improv-
ing 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 ap-
plication of specific growth regulator at specific pe-
riod of growth stage and in definite concentration.
Keeping the above fact in view the present investi-
gation entitled “Effect of coconut based integrated
cropping system on soil microbial population at dif-
ferent soil depths” was carried out during the crop-
ping year 2016-17 and 2017-18.

Materials and Methods

The present experiment was conducted in the ex-
perimental farm, under the Department of Fruit Sci-
ence & Horticulture Technology, College of Agricul-
ture, OUAT, and Bhubaneswar during the period
July 2016 to June 2018. The experimental area expe-
riences a tropical humid climate. The sand, silt and
clay percentage of the experimental soil was re-
corded prior to the experiment and were measured
as 59.7%, 17% and 23.3 percent respectively. The soil
pH was measured 5.5 whereas the organic carbon
was 4.60g/kg.

The crop combination taken in the cropping sys-
tem was coconut + banana+ pineapple + guava +
taro. The coconut cv. Sakhigopal Local was grown
as the principal crop at a spacing of 7.5×7.5 m. Ba-
nana cv. Poovan, pineapple cv. Queen, guava c.v.
Arka Amulya and colocasia cv. Muktakeshi were
taken as intercrops inside the coconut garden in or-
ganized manner. The integrated nutrition manage-

ment (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 recy-
cling with vermicompost + in situ green manur-
ing + 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% recom-
mended doses of fertilizer.

The experiment was planned 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
(1989).

In the present experiment, crop specific growth
regulators were used. 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.  In pineapple NAA
@ 10 ppm was applied to the core of plant in the
month of November, one month before the usual
flowering time. For banana, 50 ppm GA3 was ap-
plied at the time of bunch opening.  NAA @ 50 ppm
was applied on guava in the early stage of fruit set-
ting.

 The details of RDF (recommended doses of fertil-
izer) followed in the present experiment are de-
scribed in Table 1. According to the doses of nutri-
ent, each crop was managed. The NPK content of
the organic sources was also estimated (Table 2) and
accordingly the amount was calculated for applica-
tion in different treatments. Two biofertilizers
strains Azotobacter and Azospirillum were used. The
different growth regulators were applied in the re-
spective crops at the particular growth phases.
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 The soil organic carbon was estimated by chro-
mic acid wet digestion method explained by
Walkley and Black (1934).

The enumeration of total bacteria, fungi and in
the soil samples was carried out following the stan-
dard dilution plate count technique. Soil extract agar
for bacteria Martin’s Rose Bengal streptomycin sul-
phate agar for fungi was used. The petriplates were
incubated at 30 oC for three to six days and popula-
tion was counted and expressed as CFU g-1 of soil

Results and Discussion

Adoption of cropping system and different manage-
ment practices has significant influence on soil or-
ganic carbon as well as on the bacterial and fungal
population of soil.

The soil organic carbon was differed significantly
among the treatments (Fig. 1). The highest amount
of soil organic carbon (5.33gkg-1 soil) was recorded
in the cropping system soil and lowest value
(4.073gkg-1 soil) the monocropping. Again among all
the nutrient and growth management practices fol-
lowed inside the cropping system, the one main-
tained with pure organic sources of nutrient re-
corded highest soil organic carbon (SOC). The
amount of SOC was found to decrease with in-
creased doses of chemical fertilizers and also to-
wards the subsurface layer of the soil.

The general bacterial population in the post-har-
vest soil (after 2 years of study) varied significantly

between 2.56 x 106 CFUg-1 of soil and 8.81 x 106

CFUg-1 of soil (Table 3), lowest with inorganically
(chemical) maintained soil and highest with the or-
ganic treatment. The beneficial fungal population
was found less than bacterial population and ranged
from 4.56 × 103 to 9.46 × 103 cfu ×103 g-1 soil in the
surface layer after imposition of INM treatments.
The lowest population of soil microbes was re-
corded under monocropping system managed inor-
ganically (with or without use of growth regulator)
and highest in organically fertilised soil under crop-
ping system (Table 3 and Table 4).

High density cropping system and specially that
under perennial crops likes coconut, creates a micro-
climate having slight deviation in the basic weather
parameters like minimum and maximum tempera-
ture, soil moisture, relative humidity etc than out-
side. This type of microclimate affects the crop and
the soil to a larger extent. The population of both
fungi (4.57cfu × 103g1 soil) and bacteria (2.56
cfu×106g1 soil) was found minimum in the
monocroped soil. The micro environment inside
cropping system contributed significantly towards
increase in population in the palm rhizosphere.
Cropping systems, such as intercropping and no-till-
ing organic farming, increased microbial community
diversity and soil organic carbon levels (Debenport
et al., 2015; Reganold and Wachter, 2016; Wang et al.,
2017). The current findings are in agreement with
the findings of Maheswarappa et al. (2014) and
Shinde et al. (2020).

Again the practices with organic integration like
farm yard manure, vermicompost and green manur-
ing helped in maintaining higher bacterial popula-
tion significantly than non-integrated one. The mi-
crobial activity in the experimental soil indicated
that sole use of inorganic nutrient sources didn’t
support the bacterial population (2.45 x 106 CFUg-1

soils). However under intercropping the bacterial
population was found to be increased from 6.04 to
8.35 x 106 CFUg soil in surface soil after imposition
of INM practices. Reduction of the proportion of in-

Table 2. The NPK content of the organic sources used in the system.

Organic sources Nitrogen (%) Phosphorous (%) Potassium (%)
2016-17 2017-18 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

Table 1. Recommended doses of fertilizers applied in
different crops in the cropping system

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

N P2O5 K2O

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)
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organic nutrients (75% or 50 %) influenced signifi-
cantly the microbial population. It is reported that
continuous application of farmyard manure (FYM)
and green manure substantially improved the or-
ganic carbon under different soils and cropping sys-
tems (Wani and Lee, 1995). The use of biofertilizers
might have also contributed to the increase in the
microbial population of the soil.

In T5 and T6, the increase in soil carbon content
might more congenial for the microbial growth. The
complete organic nutrient sources in those particu-
lar practice helped maintaining higher microbial
population. Incremental doses of inorganic nutrients
and decremental doses of organics favoured de-
crease in fungal population in soil irrespective of soil
depths in the cropping system model. The increase
in soil organic matter that occurs in conservation till-
age systems results in greater soil biological activity
and soil biodiversity. Generally speaking, microbial
biomass increases along with soil organic matter
and makes up 1 to 4 percent of the total organic
matter. Soil micro organisms form a complex food
web, and soil organic matter act as base. Most soil
microorganisms use the soil organic compound as

carbon and energy sources. Some soil organisms
feed directly on living roots, but most depend on
dead plant matter. So in the current study, increase
in the soil organic matter has a direct impact on the
population growth of soil micro organisms. Studies
have shown that avoidance in the use of synthetic
fertilizers may lead to increased soil biodiversity
and biological activity as compared to conventional
forms of crop growth, monocropping of coconut
with RDF (Boggs et al., 2000).

The result indicated that, the top 0-30cm soil

Fig. 1. Effect of coconut based integrated cropping sys-
tem on soil organic content at different soil depths

Table 2. Effect of coconut based integrated cropping system on bacterial population (CFU×106g -1soil) at different soil
depth

Treatments Bacterial population (0-30 cm) Bacterial population (30-60 cm)
1st year 2nd year pooled mean 1st year 2nd year Pooled mean

T1 6.04 6.10 6.07 3.35 3.42 3.39
T2 6.06 6.15 6.11 3.24 3.40 3.32
T3 7.67 7.87 7.77 3.39 3.48 3.43
T4 7.55 7.84 7.70 3.36 3.52 3.44
T5 8.05 9.29 8.67 3.83 3.90 3.87
T6 8.35 9.27 8.81 3.84 3.91 3.88
T7 2.45 2.67 2.56 2.14 2.36 2.25
C.D (0.05) 0.05 0.03 0.03 0.09 0.04 0.05

Table 3. Effect of coconut based integrated cropping system on fungal population (CFU ×103 g-1soil) at different soil
depth

Treatments Fungal population (0-30 cm) Fungal population (30-60 cm)
1st year 2nd year Pooled  mean 1st year 2nd year Pooled mean

T1 7.54 7.65 7.60 5.71 5.81 5.76
T2 7.32 7.67 7.50 5.72 5.82 5.77
T3 8.74 8.87 8.81 5.86 5.87 5.87
T4 8.50 8.90 8.70 5.92 5.90 5.91
T5 9.35 9.90 9.62 7.59 7.63 7.61
T6 9.46 9.92 9.69 6.98 7.70 7.34
T7 4.56 4.57 4.57 2.28 2.46 2.37
C.D (0.05) 0.06 0.04 0.03 0.40 0.08 0.21
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found rich with microbes (both fungi and bacteria)
than the subsurface soil layer due to higher organic
carbon content in the surface soil. The subsurface
soil had lower bacterial as well as fungal population
than surface soil. Integrated manuring had same ef-
fect when imposed with or without the use of
growth regulator. The fungal population decreased
considerably in the sub surface layer irrespective of
INM practices. The variation in the microbial popu-
lation among the surface rhizospheric soil in the cur-
rent study might be due to the different nutrient
management practices followed which include sole
inorganic, sole organic and integration of both in
different combinations (Maheswarappa et al., 1999).
Use of growth regulator had no significant effect on
the soil microbial population in coconut rhizo-
sphere.
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