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ABSTRACT

An effective approach for improving nutrient use efficiency and crop productivity simultaneously through
exploitation of biological potential for efficient acquisition and utilization of nutrients by crops is very much
needed in this current era. Thus, an attempt is made here to investigate the impact of long term fertilization in
the soil ecology inrice-rice cropping systemin post kharif - 2015 in flooded tropical rice (Oryza sativaL.) inan
acidic sandy soil. The experiment was laid out in a randomized block design with quadruplicated treatments.
Soil samples at different growth stages of rice were collected from long term fertilizer experiment.The studied
long-term manured treatments included 100 % N, 100% NP, 100 % NPK, 150 % NPK and 100 % NPK+FYM (5
t ha't) and an unmanured control. Soil fertility status like SOC content and other available nutrient content has
decreased continuously towards the crop growth period. Comparing the results of different treatments, it was
found that the application of 100% NPK + FYM exhibited highest nutrient content in soils. With regards to
microbial properties it was also observed that the amount of microbial biomass carbon (MBC) and microbial
biomass nitrogen ( MBN) showed highest accumulation in 100 % NPK + FYM at maximum tillering stage of the
rice. Theresultsfurther reveal that dehydrogenase activity was maximumat panicleinitiation stage and thereafter
it decreases. Soil organic carbon content, MBC, MBN and dehydrogenase activity were significantly correlated
with each other. Significant correlations were observed between rice yield and MBC at maturity stage( R?=
0.94**) and panicle initiation stage( R?= 0.92**) and available nitrogen content at maturity stage( R? =
0.91%*).
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INTRODUCTION

Rice (Oryza sativa L.) is a staple food source for
amost half of the world population (Rice Almanac,
2002). For feeding the growing population in a
sustainable manner it is an urgent need to increase the
productivity of existing rice cropping system. Thefuture
of the food security system, not only in India but the
whole South East Asia, depends upon the ability to
achieve a trend of growth towards productivity and
profitability of ricefarming system on an ecologically
sustainable basis (Swaminathan, 1993). For over a
decade, yield of rice-rice cropping system have either

stagnated or declined. The most important reason is a
declineinfactor productivity resulting from depletion
of soil fertility. The system commonly shows signs of
fatigue and isnolonger exhibiting increased production
with higher input use based on the current pattern. Even
with current generalized recommended rates of
fertilization for this system, a negative balance of the
primary nutrients exists (Shukla et al., 2005). The
practice of adopting a cereal-cereal cropping system
on the same piece of land over years has led to soil
fertility deterioration and questions are being raised
about itssustainability.
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Soil microorganisms are key players in
terrestrial agroecosystems, involved in soil organic
matter decomposition, nutrient cycling, bioremediation
of pollutantsand sustaining soil productivity (Luoetal.,
2015). Agricultural practices have significant influence
on the soil microbia activities and health of soils.
Continuous application of fertilizers has changed the
composition and functionsof soil microorganisms(Dong
etal., 2014). Activity of soil enzymesiswidely used as
anindicator of soil quality. They play crucial roleinsoil
organic matter (SOM) decomposition and nutrient
cycling. Dehydrogenase activity (DHA) isageneraized
indicator of soil catabolic activity reflective of carbon
cycling. Arylsulfatase and urease areinvolved in sulfur
(S) and nitrogen (N) cycles respectively (Das and
Varma, 2011).

Long-term studies are essential to understand
the effect of different management practices on soil
and developing location specific sustainable crop
production systems. Since microbial processes are
dynamic, patterns of temporal fluctuation during crop
growth areof great importancein relation to the nutrient
supplying capacity of the ecosystem and the crop
demands. Very littleinformation is still now available
ontheinfluence of long termfertilization and cropping
pattern on soil microbial indices of soil quality e.g.,
MBC, MBN, DHA in rice-rice ecosystems and how
they relate to crop and nutrient management practices.
Therefore, the present investigation was undertaken to
evaluatetheimpact of long-term application of minera
fertilizers and farm yard manure on soil microbial
activities, and their relationships with crop yields in
humidtropical India

MATERIALS AND METHODS

Theongoing long-termfertilizer experiment of All India
Coordinated Research Project (AICRP) of ICAR at
OUAT, Bhubaneswar, India (20°17" N, 85°49' E and
30 m above mean sea level) initiated during 2005-06
was selected for this study. The location of the
experimental site is characterized as sub humid
subtropical climate with dry season from October to
June and wet season from July to September. The soil
of the experimental site was sandy loam in texture,
acidic (pH 5.8) and udic ustochrept type. Rice cultivar
Swarna (MTU-7029) was grown under flooded
conditionin kharif season and Lalat (IET-9947) inrabi
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of every year. Seven treatments viz., 100% N, 100%
NP, 100% NPK at 80:40:40kgha'of N: P,O,: K, Oin
the form of DAP, urea and MOP; 150% NPK; 100%
NPK+FYM; FYM at 5t ha' and an unfertilized control
were evaluated for the study. Nitrogen was applied in
three splits i.e., 25% as basal, 50% at 18 days after
transplanting and 25% at panicleinitiation stage. Total
Pwas applied asbasal and K was applied 50% as basal
and 50 % at panicle initiation stage. Rice plants (21
days old seedlings of cv. MTU-7029, Swarna) were
transplanted @ 2-3 seedlings/hill inthird week of July.
All thefield plots remained continuously flooded to a
water depth of 3 cm during the entire period of crop
growth and were drained 10 days before harvest.
Necessary intercultural, water management and plant
protection measures were undertaken in general until
the crop was matured for harvesting. The experiment
was laid out in randomized block design (RBD) and
replicated 4 times out of which 3 replicationsaretaken
for laboratory analysis.

In this study, soil sampleswere collected from
the surface layer (0-15 cm) of each plot at three rice
growth stages viz., maximum tillering stage (24 days
after transplanting), panicle initiation stage (52 days
after transplanting) and maturity stage (100 days after
transplanting) in kharif season during 2015. Five
representative soil samples (in between plant rows)
from each replicated plot were collected randomly from
0-15 cm depth with the help of sample tube and then
mixed to make a composite sample. After sampling,
excessivewater was drained off on the ground. Visible
root fragments and stones were removed manually.
After hand crushing, field moist soil samples were
stored at 4°C and were used afresh for estimation of
soil microbial biomass carbon, microbial biomass
nitrogen and dehydrogenase activity. A second set of
soil sampleswereair dried and passed througha2 mm
sieve for determination of soil physico-chemical and
chemical properties. Another triplicate soil samples
were used for soil moisture content. Soil moisture
content of individual sample was determined
gravimetrically in 10 g portion after drying at 105°C for
24 hours. Soil pH was determined with aglass el ectrode
pH meter (Jackson, 1973). Available N was determined
by Kjeldahl method (Subbiah and Asija, 1956). The soil
organic carbon (SOC) was determined by dichromate
oxidation (Walkley and Black, 1934). The MBC was



determined by fumigation extraction method (Vance et
al., 1987). Dehydrogenase was determined by
monitoring therate of production of triphenyl formazan
(Tabatabai, 1982). All the data were subjected to
statistical analysiswith software SPSS (Kirkpatrick and
Feeney, 2005) for significant differences between
treatmentsusing analysis of variance (ANOVA) at 5%
significance level and correlation between microbial
properties and soil available nutrient contents were
worked out.

RESULTS AND DISCUSSION

Effect of long-term manuring on the changes
of SOC content at different growth stagesof rice

Experimental results reveal that SOC content was
significantly affected by fertilizer treatments, stages
of ricegrowth and their respectiveinteractions(Table
1). Mean seasonal SOC content ranged from 4.4 g kg
Yin control to 12.2 g kg? in plots receiving balanced
fertilization along with organic manurein soil. Organic
amendment in combination with inorganic fertilizers
enhanced SOC content with asignificant lossin soil C
content in unamended control (Purokayastha et al.,
2008; Nayak et al., 2012). Fertilization has varying
effects on SOC Content in soils. The results showed
that the application of 100% NPK+ FYM was found
better than rest of the treatments under investigation.
Imbalanced fertilization did not differ significantly in
their SOC content. Super optimal dose of NPK recorded
28% higher SOC over balanced fertilization. Among
the different rice crop growth stages, the maximum
tillering stage of rice crop registered highest SOC

Table 1. Effect of long-term manuring on the changesin soil
organic carbon (g/kg) at different growth stages of rice.

Treatment Crop growth stages Grand
MT Pl MA mean
100 % NPK 8.2 6.3 44 6.3
150% NPK 9.8 9.2 54 8.1
100 % NPK +FYM  16.8 13.9 6.1 12.2
100 % N 75 53 4.7 5.8
100 % NP 83 7.7 52 7.1
Control 49 44 3.9 44
Mean 9.86 8.27 5.20 7.78

LSD (P=0.5): T: 0.49; CGS: 0.24; Tx CGS: 0.85
MT-Maximumtillering, Pl-Panicleinitiation, MA-Maturity
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content (9.8 gkg?) followed by panicleinitiation stage
(8.2 g kg?) and maturity stage 5.2 g kg?. The increase
in SOC content at maximum tillering stage could be
dueto higher production of root exudatesin comparison
to the maturity stage (Aulakh et al., 2001).

Effect of long-term manuring on thechangesin
availablesoil nitrogen content at different growth
stages of rice

Available nitrogen content in soil samples varied
significantly duetolong-termfertilizer treatments, stages
of rice growth and their interactions (Table 2). In
genera, net available nitrogen content significantly
increased by fertilization. Mean seasonal nitrogen
content varied from 162.87 kg ha* in control to 260.34
Kg ha!in 100% NPK+ FYM treatment. Application
of manures along with balanced fertilization led to
enrichment in the soil N pool and increased the
efficiency of organic fertilizer by releasing higher
mineral N (Res and Castle, 2002; Kumar et al., 2018).
Imbalanced fertilization without nitrogen sourcediffered
significantly with nitrogen source but there was no
significant variation between only nitrogen source and
addition of phosphorus source to the nitrogen. 150 %
NPK showed 17 % higher nitrogen content over
balanced fertilization. Available nitrogen content was
found to be maximum at maximum tillering stage and
thereafter gradually decreased up to maturity stage
which may be dueto highest N availability at early rice
growth stages due to mineralization of N from basal
fertilizer application and latter stage decreased due to
decreased |abil e organic matter and microbial activity

Table 2. Effect of long term manuring on the changes of
available nitrogen (kg/ha) in soil at different growth stages
of rice.

Treatment Crop growth stages Grand
MT Pl MA mean
100 % NPK 216.82 197.97 189.23 20134
150% NPK 25059 236.85 220.73 236.06
100 % NPK +FYM 279.50 269.61 231.92 260.34
100 % N 20392 18392 177.00 18828
100 % NP 21053 19331 18125 19503
Control 178.88 164.09 14563 162.87
Mean 23488 219.65 198.74 217.76

LSD (P=0.5): T: 20.7; CGS: 1.03; Tx CGS: 3.59

MT- Maximumtillering, PI- Panicleinitiation, MA- Maturity,
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(Ghosh and K ashyap, 2003).

Effect of long-term manuring on thechangesin
microbial biomass carbon content at different
growth stagesof rice

Perusal of results (Table 3) revealed that the MBC
content was highest in plots receiving both organic
manure and inorganic fertilizers and lowest in
unamended control plots. Amendment of organic
material input leadsto more organic carbon to the soil,
which could stimulate the microbia growth and activity
(Dhull et a., 2004; Panda et al., 2018). This results
corroborated with thefindings of Mandal et al. (2018)
There was significant variation in MBC content in
balanced (100 % NPK) and imbalanced fertilization(
100 % N or 100 % NP). With the addition of extra 50
% NPK intheba anced fertilization did not significantly
increase MBC content (146.77 ug g* of dry soil) over
the balanced fertilization (142.95 ug g* of dry sail).
But addition of organic manure increase 29 % more
soil MBC over 100% NPK treatment. MBC was
influenced by the crop growth stages and maximum
value was obtained at maximum tillering stage
irrespective of treatments and declined thereafter which
might be due to the less root exudation coupled with
the soil drainage at rice maturity (Aulakh et al., 2001).

Effectof long-term manuring on thechangesin
micr obial biomassnitrogen content at different
growth stagesof rice

Theappraisal of theresults of the present study (Table
4) demonstrated that MBN was significantly affected
by long-term fertilization, stages of crop growth and

Table 3. Effect of long-term manuring on the changes of
microbial biomass carbon (ug g* of dry soil)at different
growth stages of rice.

Treatment Crop growth stages Grand
MT Pl MA mean
100 % NPK 142.95 108.99 94.03 11541
150 % NPK 146.77 12824 112.69 129.23
100 % NPK +FYM  183.82 160.69 142.85 162.45
100 % N 120.08 9280 79.96 97.61
100 % NP 131.42 100.22 88.89 106.84
Control 90.51 60.35 4635 65.74
Mean 144.28 12159 106.83 124.23

LSD (P=0.5): T: 4.46; CGS: 2.23; Tx CGS: 7.72
MT- Maximumtillering, PI- Panicleinitiation, MA- Maturity
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Table 4. Effect of long-term manuring on the changes in
microbial biomass nitrogen (ug g* of dry soil) at different
growth stages of rice.

Treatment Crop growth stages Grand
MT Pl MA mean
100 % NPK 7454 5734 3887 5691
150 % NPK 100.39 75.88 5320 76.49
100 % NPK + FYM 12894 109.07 84.78  107.59
100 % N 63.17 50.09 3534 4953
100 % NP 6731 60.04 4385 57.07
Control 3160 2427 1538 2375
Mean 84.68 6878 5222 68.56

LSD (P=0.5): T: 1.75; CGS: 0.88; Tx CGS: 3.04
MT- Maximumtillering, PI- Panicleinitiation, MA- Maturity

thelir interactions. Mean seasonal MBN content in soil
ranged from 23.75 g g* dry soil in control and 107.59
Mg gtdry soil in100% NPK + FYM insoil. Fertilization
greatly affected MBN content in soil. Unfertilized
control plot showed significantly lower MBN content
than other treatments in all the growth stages of rice
due to low SOC content (Srinivasarao et al., 2018).
Balanced fertilization along with FY M produced highest
MBN content in the crop development stages as it
supplies organic substances and nutrients in readily
availableform that triggers microbial popul ation (Ge et
a., 2009). Super-optimal dose of NPK exhibited more
MBN content than balanced fertilization irrespective
crop growth stages. MBN content decreased with the
development of rice growth which may be dueto carbon
limitation in the later stage (Mandal et al., 2007). The
higher magnitude was found at maximumtillering stage
inal the treatments.

Table 5. Effect of long term manuring on the changes in
dehydrogenase activity (ug of TPF/ g of soil / 24 hours) at
different growth stages of rice.

Treatment Crop growth stages Grand
MT Pl MA mean
100 % NPK 2513 3297 2618 28.10
150 % NPK 3912 5100 3139 4050
100 % NPK + FYM 5597 59.23 4582 53.67
100 % N 7.96 1182 6.71 8.83
100 % NP 1354 2410 1154 16.39
Control 4.83 1051 372 6.35
Mean 2374 3212 2096 2561

LSD (P=0.5): T: 1.00; CGS: 0.50; Tx CGS: 1.41
MT- Maximumtillering, PI- Panicleinitiation, MA- Maturity




Effect of long term manuring on thechanges
in dehydrogenase activity at different growth
stages of rice

It isevident from the experimental results presentedin
the Table 5 that dehydrogenase activitieswere strongly
influenced by the long term manuring and inorganic
fertilizersaswell astheinteractive effect of crop growth
stages. Dehydrogenase activity increased soon after
flooding with the maximum activity being recorded at
the panicle initiation stage and declined sharply at
maturity stage. The seasonal dehydrogenase enzyme
activity was recorded lowest (6.35 pg of TPF gt dry
soil per 24 hours) in control and highest (53.67 pg of
TPF gt dry soil per 24 hours) in 100 % NPK + FYM .
Highest enzyme activity in the plot receiving both
organic manure and inorganic fertilizers is due to
improved organic matter and MBC status of soils, that
isdirectly proportiona to higher dehydrogenase activity
(Masto et al., 2006). Only inorganic fertilizer either
balanced or super optimal dose of NPK decreased
dehydrogenase activity significantly compared to the
combined application of inorganic chemical fertilizers
and organic manureswhere asubstantial mean increase
(53.67 pg of TPF g*) in dehydrogenase activity was
recorded irrespective of growth stages of rice.

Effect of long term manuring on crop yield
and harvestindex (H.1.)

Perusal of results presented in Table 6 reveal that there
was a significant variance with different treatments.
However, theyield of riceand harvest index have been
foundto beincreased dueto different fertilization , being
recorded highest yield of rice ( 51.57 g ha?) with harvest
index (0.48) in the 100 % NPK + FYM treatment. In
contrast application of balanced fertilization increase
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Table 6. Influence of organic amendments and inorganic
fertilizersonyield and harvestindex of rice under different
fertilizer combination.

Treatments GrainYield(g/ha) Harvest index

100 % NPK 41.80 0.47

150 % NPK 46.60 0.44

100 % NPK + FYM 5157 0.47

100 % N 35.50 0.47

100 % NP 40.90 0.47

Control 21.95 0.44

LSD(P=0.05) Grainyield = 4.83 Harvest
index = 0.029

Table7. Pearson's correl ation coefficient (r) among different
measured soil parameters.

SOC Av. N MBC MBN DHA

SOC 1.00 0.84** 0.94**  0.89** 0.76*
Av. N 0.84** 1.00 0.80* 0.96** 0.71*
MBC 0.94**  0.80* 1.00 0.95**  0.75*

MBN 0.89**  0.96** 0.95**  1.00 0.67*
DHA 0.76* 0.71* 0.75* 0.67* 1.00

* ** marked correlationsare significant at p=0.05and 0.1
respectively.

cropyield by directly supplying plant nutrientsrequired
for crop growth (Ren et al., 2014). The results of the
present investigation also find support from the results
of the long term experiments reported by Zhang et al.
(2009). The higher or lower amounts of root exudates
inputs into soil was associated with higher or lower
amount of rice yield under different treatments (King
et al., 2001). Among varioustreatments, the combined
application of NPK+FYM and soleapplication of NPK
produced more straw yields giving higher harvest index.
Super optimal doseof NPK i.e., 150 % produced higher
yield than balanced fertilizationi.e., 100 % NPK (41.80
g ha?) but lower straw yield cause lower harvest index.

Table 8. Relationship of different soil parameterswith riceyield at different crop growth stages.

parameters  Maximumtillering stage Paniclelnitiation Stage Maturity stage

Yield Yield Yield

Equation R? Equation R? Equation R?
SOC Y =2.14X + 19.85 0.71* Y =2.52X + 20.01 0.71* Y =11.64X +20.01  0.79*
Av. N Y =0.26X - 18.96 0.84** Y =0.24X - 9.66 0.79* Y =0.31X - 20.14 0.91**
MBC Y =0.32X - 3.52 0.92** Y =0.29X + 8.22 0.92** Y =0.30X + 10.78 0.94**
MBN Y =0.29X + 17.16 0.89* Y =-0.34 + 18.31X 0.88* Y =0.40X + 21.33 0.84**
DHA Y =0.44X + 28.82 0.74* Y =0.45+ 25.31 0.78* Y =0.54X + 28.32 O.76*

** and * next to R? valuesindicate significant ap < 0.01 and p < 0.05 respectively.
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Unfertilized control plot showed significantly lowest
yield (21.95 g hat). Application of nitrogen a one @ 80
kg?! ha increased yield by 61.73% over unfertilized
control treatment. Application of phosphorus resulted
in 15.21% of moreyield over 100 % N treatment. Thus
the treatments were in the order of 100% NPK+FYM
> 150 % NPK > 100 % NPK > 100 % NP > 100 % N
> control.

Relationship among different measured soil
parameter sand crop productivity

The coefficient of correlations amongst various
parameters (Table 7) showed that all parameters were
significantly correlated with each other. The microbial
parameters namely MBC showed highest positive
correlation with SOC content (r = 0.94**) and MBN
content (r = 0.95**) whichisin accord with Mandal et
a. (2018). Asregardstothechangein MBN, it showed
better correlation with Available N (r = 0.96**) and
dehydrogenase activity showed highest correlation (r
=0.76*) with SOC. Such significant correlationsamong
MBN, available N, SOC and dehydrogenase activity in
the soil suggest the existence of adynamic equilibrium
among themselves. Significant relationships between
riceyield and all soil parameterswere observed (Table
8), therelationship being stronger particularly with MBC
at maturity stage (R?= 0.94**) and panicle initiation
stage (R?= 0.92**) and available nitrogen content at
maturity stage (R? = 0.91**).

CONCLUSIONS

Theexperimental resultsclearly indicatethat long term
fertilization had greater impact on grainyield and soil
fertility attributes under rice-ricerotation. Soil organic
matter decomposition and nutrient availability can be
enhanced by integration of balanced mineral fertilizer
with organic amendments. Microbial biomass C,
microbial biomass N, and dehydrogenase activity hasa
highly significant positive correlation with SOC and
available N in soils. Thisdemonstrates the importance
of microbial parameters particularly for nutrient
availability in soil and in general rice crop. Maximum
tillering stage of rice growth played the most significant
roleto enhance nutrient availability. Regression results
reveal ed that yield of rice was significantly correlated
with MBC at all growth stages. So, mineral plusmanure
fertilizer in top dressing were recommended in wetland
paddy soil. Long-term application of balanced and
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integrated use of fertilizers and organic manure ismost
desirablein order to improve nutrient availability in soil
and crop yield.
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