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ABSTRACT

A laboratory experiment was conducted to characterize the enriched phosphatic sludge (EPS) and
to determine the nutrients release pattern from different levels of enriched phosphatic sludge under
flooded condition. Soil sample were collected at the depth of 0-15 cm from “B” block, Zonal
Agricultural research Station, V. C. Farm, Mandya. Soil sampling area lies between 76°82'01" to
76"82'08" E longitude and 12°57'03" to 12°57'05" N latitude with an average elevation of 699-715 m
above SML and incubation study carried out during 2016 at UAS, GKVK, Bengaluru. Seven
different levels of EPS (0, 125, 250, 500, 750, 1000 and 1250 kg ha'1) was adopted in this
experiment with three replication by using factorial complete randomized design. Enriched
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which received 1250 kg EPS ha™.

phosphatic sludge supplied by Aditya Birla chemical fertilizers private limited was characterized for
various parameters. The analysis of the samples revealed that the pH value of enriched phosphatic
sludge was alkaline in reaction (8.03) and medium in salt content (0.97 dS m™") and OC
(11.30%).The enriched phosphatic sludge had high quantity of phosphorus (6.88%) and the total N,
K, Ca, Mg and S contents were also appreciable in the enriched phosphatic sludge (1.51, 1.20,
1.50, 1.10 and 1.20%, respectively). Heavy metal content in sludge was much lower than that
indicated for PROM (phosphate rich organic manure) and other organic fertilizers listed in the FCO
amendment.Significantly higher available nutrients release (NPK) were recorded in treatment T,

Keywords: Enriched phosphatic sludge; characterization, nutrients and incubation.

1. INTRODUCTION

To increase crop yields, enhance soil fertility,
reduce environmental pollution and achieve
sustainable agriculture, soil fertility needs to be
maintained at an appropriate level, or restored if
it has decreased [1,2]. In farming systems with
low inputs of chemical fertilizers and pesticides,
this can be achieved by rotating leguminous and
non-leguminous crops and by addition of organic
compounds or organic amendments (OA) which
are rich in nutrient content. The application of
OAs is common in traditional agriculture
systems. These OAs enhance plant growth and
may reduce the need for mineral fertilizers [3],
which reduces costs for farmers. Organic
amendments restore and reclaim degraded soils
by maintaining organic matter and sustaining soil
fertility for agricultural production, particularly in
the long-term, by slowly releasing nutrients [4].
Thus, OAs recycles nutrients and organic matter
to support crop productivity and maintain soil
quality [5]. The cycling of nutrients through the
decomposition of organic materials is important
in all ecosystems. Release of nutrient from OAs
mainly depends on the C:N ration, nutrient
content, soil moisture , microbial activity etc.
However in the soil fertility management of many
tropical and sub tropical farming systems,
organic sources play a dominant role because of
their short-term effects on nutrient supply to
crops [6]. There is now a considerable literature
reporting decomposition and nutrient release
patterns for a variety of organic materials. This
information has been drawn together so that it
can be used for improvement of soil fertility
through better management of organic inputs [7,
6] and understanding has emerged of how
resource quality factors influence the release
patterns.

These OAs can be composted or non-composted
organic wastes from agriculture, industry,
municipal operations, seaweed, or blood and

bone meal [8]. Among organic amendments
enriched phospatic sludge (EPS) is one it
contains about 6.88 per cent phosphorus, 11.30
per cent of organic carbon, about 1.5 and 1.2 per
cent of N and K respectively. There is no
literatures are available with respect to release
pattern of nutrient from EPS under flooded
condition so this work was conducted with an
objective to know the nutrient release pattern
from enriched phosphatic sludge under flooded
condition during 120 days after incubation.

2. MATERIALS AND METHODS
2.1 Location of Soil Sampling

The soil sample were collected at the depth of 0-
15 cm from “B” block, Zonal Agricultural research
Station, V. C. Farm, Mandya. Soil sampling area
lies between 76°82'01" to 76°82'08" E longitude
and 12°57'03" to 12°57'05" N latitude with an
average elevation of 699-715 m above SML. This
area under canal irrigation. Rice is the major crop
of the area in Kharif season followed by rice. The
sample was processed for further experimental
purpose, soil was air dried, crushed, powdered
and sieved with 2 mm mesh size. The initial soll
sample data were presented in Table 2.

2.2 Experimental Details

Raw sludge generated from the ortho-phosphoric
acid manufacturing plant, located at Karwar,
Karnataka and it was further enriched with
pressmud, sea weed extract and plant growth
promoting substance by Aditya Birla chemical
fertilizers private limited and EPS was collected
from Aditya Birla chemical fertilizers private
limited for experimental purpose.

Lab experiment was conducted at Department of
Soil Science and Agricultural Chemistry
laboratory, University of Agricultural Sciences
(UAS), Bengaluru during 2016. Experiments



were laid out in factorial complete randomized
design with seven treatments viz., T1: Absolute
control (Soil alone), T,: Soil + 125 kg' EPS ha™,
Ts: Soil + 250 kg’ EPS ha™, T, Soil + 500 kg™
EPS ha”, Ts: Soil + 750 kg™ EPS ha™, Tg: Soil +
1000 kg”' EPS ha'and T;: Soil + 1250 kg™’ EPS
ha'with three replication.

Two hundred grams of processed soil was taken
and filled in 500 g capacity plastic pots and
calculated amount of EPS (0, 125, 250, 500, 750,
1000 and 1250 kg ha™') were added to each
treatments separately and pots are keep it under
laboratory condition for period of 120 days. The
moisture content was maintained at flooded
condition and the loss of moisture was
maintained regularly by weighing each pot till 120
days. Eight set of sampling were maintained
separately and destructive soil sampling was
done at 15, 30, 45, 60, 75, 90, 105 and 120" day
after incubation (DAI) and each time one set of
sampling was taken and these samples were
analyzed for pH, N, P and K.

2.3 Analysis of pH, N, P and K

Soil samples collected from each set of sampling
were processed and subjected for analysis of soil
reaction (pH), available nitrogen (alkaline
potassium permanganate method), available
phosphorus (Bray’'s method) and available
potassium (neutral normal ammonium acetate
extraction).

2.4 Soil pH

pH was determined in enriched phosphatic
sludge (2 mm sieved) and water suspension of
1:10 ratio by using combined glass electrode pH
meter [9].

2.5 Available Nitrogen

Available nitrogen in soil was determined by
alkaline potassium permanganate distillation
method as described by [10].

2.6 Available Phosphorus
Available phosphorus content of soil was
extracted using Olsen’s extractant and the

concentration of phosphorus in the extract was
determined by Ascorbic acid method [9].

2.7 Available Potassium

Available potassium was extracted from soil
using neutral Nammonium acetate at 1:5 soil to
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extractant ratio and the concentration of
potassium in the extract was determined by
flame photometer Elico CL-361 [9].

2.8 Statistical Analysis

The observations recorded in these studies were
analyzed statistically for test of significance
following the Fisher's method of Analysis of
variance (ANOVA) as outlined by [11]. The level
of significance on ‘F' test was tested a five
percent. The results have been discussed based
on critical difference at P=0.01. Wherever the
treatment differences were found non-significant,
it is denoted as ‘NS’.

3. RESULTS AND DISCUSSION

3.1 Characterization of Enriched

Phosphatic Sludge (Table 1)

Enriched phosphatic sludge (EPS) supplied from
ortho-phosphoric acid manufacturing industry
owned by Aditya Birla Chemical and Fertilizer,
Limited, located at Karwar, Karnataka. The
enriched phosphatic sludge was characterized in
order to ascertain its suitability as a soail
conditioner in crop production.

Table 1. Characterization of enriched
phosphatic sludge

Parameter Value
MWHC (%) 38.10
pH (1:10) 8.03
EC (1:100)d S m™ 0.97
OC (g kg™ 11.30
N (%) 1.51
P (%) 6.88
K (%) 1.20
Ca (%) 1.50
Mg (%) 1.10
Sulphur (%) 1.56

Perusal of the data presented in the Table 1.
revealed that the WHC of EPS was 38.10 per
cent due to higher organic carbon content of
11.30 per cent. The pH of EPS was alkaline in
reaction (pH 8.03) and medium in EC
(0.97dS m™). The alkaline reaction of the EPS
might be due to enrichment of sludge with
pressmud which is generally alkaline in reaction
[12]. With respect to nutrients content of EPS
was higher in total phosphorus (6.88%) than any
of the conventional organic manures (FYM, city
compost or rural compost) and the total N, K, Ca,
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Fig. 1. Effect of different levels of enriched phosphatic sludge application on soil pH during
120 days of incubation under flooded condition
Note: T;: Control (Soil), T: Soil + 125 kg EPS ha™', Ts: Soil + 250 kg EPS ha™, T4 Soil + 500 kg EPS ha™,
Ts: Soil + 750 kg EPS ha", Te: Soil + 1000 kg EPS ha and T7: Soil + 1250 kg EPS ha’

Mg and S contents were also in appreciable amount
(1.51, 1.20, 1.50, 1.10 and 1.56%, respectively) in the
EPS.

3.2 Changes of Nutrients Content in Soil
Due to Application of Enriched
Phosphatic Sludge under Flooded
Condition

3.2.1 Soil reaction (Fig. 1)

Effects of different levels of EPS application on
soil pH are presented in Fig. 1. Soil collected for
incubation study slightly alkaline nature pH (8.03)
and it was decrease with increase in incubation
period up to 60 DAl and thereafter it was
stagnated up to the end of incubation period.
However, among the treatments higher pH
values (7.46, 7.59, 7.65 and 7.68 at 15, 30, 45
and 60 DAI, respectively) were recorded in
treatment T, (EPS @ 1250 kg ha™) and lower pH
was recorded in the treatment T, (7.09, 7.18,
7.20and 7.21 at15, 30, 45and 60 DA,
respectively). The higher pH recorded with
application of 1250 kg o EPS ha™' may be due to
release of basic cations upon flooding, the
consumption of protons during decomposition of
added organic matter and alkaline nature of EPS.
Similar to the present investigation the increase
in pH upon submergence was reported by [13].

The higher values of pH may also be explained
by proton (H*) exchange between the soil and
the added organic materials [14]. Another
mechanism that was proposed to explain the
increase in soil pH by such organic materials as
poultry manure is the specific adsorption of
humic materials and/or organic acids onto the

hydrous surfaces of Al and Fe oxides by ligands
exchange with corresponding release of OH [15].
The subsequent decrease in soil pH with
increasing time of submergence was also
observed by [16]. This decrease in soil pH with
time may be due to the nitrification of nitrifiable
N, which is an acidifying process [17].

3.2.2 Available nitrogen content (Table 2 and
Fig. 2

During initial period of incubation 15 and 30 DA,
available nitrogen content was not significant.
But from 45 to 75 DAI the available nitrogen
content of soil under flooded condition was
increases with increasing levels of EPS and days
of incubation period. However, during 45 to 75
DAl period of incubation significantly higher
available N content (292.59, 301.99 and 305.52
kg ha™ at 45, 60 and 75 DAI, respectively) was
recorded in treatment T; (1250 kg EPS ha™') than
control and T, and it was on par with rest of the
treatments. Further, slight decrease in available
N content was recorded after 75 DAI. The
increase in available N content might be
attributed to release of N from applied EPS
consequent to its mineralization.

The slight decrease after 75DAlI may be
attributed to the utilization of N by increasing
microbial population and simultaneous loss
through denitrification and volatalization. At the
later stages, the rate of denitrification loss of N
exceeds the rate of mineralization of organic N
as a result the values were lower [18]. The
results of the present investigation are similar to
those reported by [19] who have reported that the
N mineralization from manure and crop residues



was initially very low. Mineralization was
increased with the increase of incubation period
up to 7 weeks and there after it declined with
time. In waterlogged soils, the maximum amount
of N was mineralized during the period between
28 and 42 days of incubation [20].

3.2.3 Available phosphorus content (Table 3
and Fig. 3)

Available phosphorus content of soil was
increased with increasing levels of EPS and time
of incubation. The available P content increased
progressively with time of incubation and thus the
higher value was recorded at 90 DAI and
thereafter slightly declined but it was still higher
than initial level. Available P content was ranged
from 23.13 to 59.58 kg ha™ in treatment T, which
received EPS @ 1250 kg ha” and lower P
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content was ranged from 18.51 to 18.83 kg ha™
in control.

The extent of P release with addition of 1250 kg
EPS hato soil ranged from 4.61 to 46.75 kg ha™
during the entire period of incubation when
compared to the release of P from untreated soil
(control). The higher P release due to application
of EPS might be attributed to its total P content
(6.88%). The increase in the concentration of
available P as a result of application of organic
materials may be due to the effective chelating
process of Al and Fe in soil by organic matter
functional groups [21,22] suppressing
precipitation of P with Al and Fe as respective
phosphate, besides mineralization of organic P
from the added organic materials [23]. The
decline in available P content with time might be
due to P sorption by soil [16].
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Fig. 2. Effect of different levels of enriched phosphatic sludge application on available nitrogen
(kg ha ) content of soil during 120 days of incubation under flooded condition

Note: T;: Control (Soil), T2: Soil + 125 kg EPS ha, Ts: Soil + 250 kg EPS ha”,

Ts: Soil + 750 kg EPS ha”,

T4: Soil + 500 kg EPS ha”,

Te: Soil + 1000 kg EPS ha" and T7: SOII + 1250 kg EPS ha™
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Fig. 3. Effect of dlfferent levels of enriched phosphatic sludge application on available
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Ts: Soil + 750 kg EPS ha,
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Te: Soil + 1000 kg EP S ha” and Tr: SOII + 1250 kg EPS ha’
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Table 2. Effect of different levels of enriched phosphatic sludge application on available nitrogen (kg ha'1) content of soil during 120 days of
incubation under flooded condition

Treatments 15 30 45 60 75 90 105 120 Mean
DAI

T4: Control (Soil) 282.42 283.40 283.63 283.82 284.72 283.40 280.00 278.24 282.45
T,: Soil + 125 kg EPS ha 283.04 284.10 284.80 285.41 286.51 285.10 283.76 281.37 284.26
Ts: Soil + 250 kg EPS ha 283.94 285.61 286.73 287.20 291.13 289.61 285.27 285.15 286.83
T4 Soil + 500 kg EPS ha™ 284.28 287.63 288.74 291.02 294.18 291.63 287.27 287.20 288.99
Ts: Soil + 750 kg EPS ha 284.97 287.73 291.89 294.22 296.42 266.07 289.36 288.75 287.43
Te: Soil + 1000 kg EPS ha™ 285.96 290.42 292.06 295.99 297.20 295.42 292.06 289.48 292.32
T,: Soil + 1250 kg EPS ha™ 287.16 291.53 292.59 301.99 305.52 298.53 295.03 291.87 295.53
Mean 284.54 287.20 288.63 291.38 293.67 287.11 287.54 286.01

Treat Days TXD
S.Emt 1.83 1.95 517
CD@1% 5.05 5.40 14.29

Table 3. Effect of different levels of enriched phosphatic sludge application on available phosphorus (kg ha'1) content of soil during 120 days of
incubation under flooded condition

Treatments 15 30 45 60 75 90 105 120 Mean
DAI
T4: Control (Soil) 18.51 18.79 20.36 20.57 21.06 21.20 19.20 18.83 19.82
T,: Soil + 125 kg EPS ha 18.91 20.72 21.74 20.98 21.67 21.60 19.20 19.49 20.54
Ts: Soil + 250 kg EPS ha™ 20.07 22.16 24.33 25.76 25.76 26.35 27.38 26.54 24.79
T, Soil + 500 kg EPS ha™ 20.83 23.46 27.80 30.12 34.24 37.75 33.25 32.55 30.00
Ts: Soil + 750 kg EPS ha” 21.34 24.34 31.63 37.96 42.56 48.58 42.18 42.85 36.43
Te: Soil + 1000 kg EPS ha™ 22.20 25.05 37.26 42 .47 49.59 55.10 51.18 51.48 41.79
T,: Soil + 1250 kg EPS ha™ 23.13 31.33 41.53 47.33 59.39 67.95 62.30 59.58 49.07
Mean 20.71 23.69 29.24 32.17 36.33 39.79 36.38 35.90
Treat Days TXD
S.Emt 0.27 0.29 0.76
CD@1% 0.74 0.80 2.10
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Table 4. Effect of different levels of enriched phosphatic sludge application on available potassium (kg ha'1) content of soil during 120 days
of incubation under flooded condition

Treatments 15 30 45 60 75 90 105 120 Mean
DAI

T4: Control (Soil) 159.48 160.58 162.31 163.66 163.76 161.31 160.13 160.45 161.46
T,: Soil + 125 kg EPS ha™ 159.96 161.52 163.00 164.4 165.14 164.52 162.8 161.13 162.81
T Soil + 250 kg EPS ha™ 160.07 162.22 164.68 166.53 166.95 165.51 165.01 163.13 164.26
T, Soil + 500 kg EPS ha™ 161.28 163.45 165.75 167.3 167.26 167.64 166.31 164.25 165.41
Ts: Soil + 750 kg EPS ha™ 163.06 164.38 166.25 169.81 169.98 168.33 167.61 166.94 167.05
Te: Soil + 1000 kg EPS ha™ 164.08 165.66 167.28 170.86 171.21 169.76 168.03 167.37 168.03
T,: Soil + 1250 kg EPS ha™ 165.79 167.82 170.24 173.83 175.05 173.41 171.68 169.02 170.86
Mean 161.96 163.66 165.64 168.06 168.48 167.21 165.94 164.61

Treat Days TXD
S.Emz* 0.90 0.96 2.54
CD@1% 2.48 2.65 7.02
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Fig. 4. Effect of dlfferent levels of enriched phosphatic sludge application on available
potassium (kg ha ) content of soil during 120 days of incubation under flooded condltlon

Note: T1: Control (Soil), T: Soil + 125 kg EPS ha’,
Ts: Soil + 750 kg EPS ha’,

3.2.4 Available potassium content (Table 4

and Fig. 4)

Effect of EPS application on available potassium
was low during initial period of incubation (at 15
DAIl) later on it increased with increase in
incubation time and attained higher value at 75
DAl and declined thereafter. Increase in available
potassium content from 15 to 75 DAl was ranged
from 165.79 to 175 05 kg ha” in treatment T
(1250 kg EPS ha™") and it was significantly higher
than that recorded in control (160.58 to 163.76
kg ha'1). Available K content in all treatment was
slightly decreased from 75 to 120 DAI.

Initial increase of potassium in soil was mainly
due to continuous release of potassium upon
decomposition of EPS and also release of
organic acids during decomposition of ESP might
have helped in the release of bound form of
potassium to soil.

4. CONCLUSION

Soil pH under submergence was maintained
neutral even though EPS contains higher Ca and
Mg. Significantly higher available N was recorded
in treatment T, (1250 kg EPS ha™). The available
P content increased progressively with period of
incubation and thus the higher value was
recorded in treatment T, which received 1250 kg
ha” EPS at 90 DAI and the extent of K release
with addition of 1250 kg EPS ha” to soil ranged
from 6.31 to 11.29 kg ha™ when compared to the
release of K from untreated soil.

Ts: Soil + 250 kg EPS ha”, T4 Soil + 500 kg EPS ha’,
Ts: Soil + 1000 kg EPS ha and T7: Soil " 1250 kg EPS ha’

COMPETING INTERESTS

Authors have declared that no competing
interests exist.

REFERENCES

1. Diacono M, Montemurro F. Long term

effects of organic amendments on soil
fertility. A review. Agron. Sustain. Dev.
2010;30:401—-422.

2. Fageria NK. Soil fertility and plant nutrition
research under field conditions: Basic
principles and methodology. J. Plant Nutr.
2007;30:203—-223.

3. Mohanty M, Reddy SK, Probert ME, Dalal
RC, Rao SA, Menzies NW. Modelling N
mineralization from green manure and
farmyard manure from a laboratory
incubation study. Ecol. Model.
2011;222:719-726.

4. Tejada M, Hernandez MT, Garcia C. Sail
restoration using composted  plant
residues: Effects on soil properties. Soil
Till. Res. 2009;102:109-117.

5. Whalen JK, Chang C, Olson BM. Nitrogen
and phosphorus mineralization potentials
of soils receiving repeated annual cattle
manure applications. Biol. Fertil. Soils.
2001;34:334-341.

6. Palma AC, Catherine N, Gachengo A,
Robert J, Delve AB, Georg C, Ken E,
Giller. Organic inputs for soil fertility
management in tropical agro-ecosystems:
Application of an organic resource



10.

1.

12.

13.

14.

15.

database. Agriculture, Ecosystems and
Environment. 2001;83:27—-42.

Giller KE, Cadisch G. Driven by nature: A
sense of arrival or departure. In; Cadisch
G, Giller KE. (Eds.), driven by nature: Plant

liter quality and decomposition. CAB
International, Wallingford, UK. 1997;
393-399.

Quilty JR, Cattle SR. Use and

understanding of organic amendments in
Australian agriculture: A review. Soil Res.
2011;49:1-26.

Jackson ML. Soil chemical analysis,
prentice hall of India Private Limited, New
Delhi. 1973;485.

Subbiah GV, Asija GL. A rapid procedure
for the estimation of available nitrogen in
soil. Curr. Sci. 1956;25:258-260.

Panse VG, Sukhatamane PV. Statistical
methods for agricultural workers. Indian
Council of Agril. Res., New Delhi.
1967;155.

Jitendra Giri, Anjana Srivastava, Pachauri
SP, Srivastava PC. Effluents from paper
and pulp industries and their impact on soil
properties and chemical composition of
plants in UttarKhand, India. J. Environ.
Waste Manag. 2014;1(1):26-32.
Ponnamperuma FN. A theoretical study of
aqueous carbonate equilibria. Soil Sci.
1967;103(2):90-100.

Tang CGP, Sparling CDA, Mclay and
Raphael C. Effect of short-term legume
residue decomposition on soil acidity,
Australian J. Soil Res. 1999;37(3):
561-573.

Hue V, Craddock GR, Adams F. Effects of
organic acids on aluminum toxicity in
subsoil. Soil Sci. Soc. American J.
1986;25:3291-3303.

Eresha et al.; IJPSS, 23(3): 1-9, 2018; Article no.lJPSS.38713

16.

17.

18.

19.

20.

21.

22.

23.

Opala PA, Okalebo JR, Othieno CO.
Effects of organic and inorganic materials
on soil acidity and phosphorus availability
in a soil incubation study. ISRN Agronomy.
2012;18(3):189-199.

Paul Kl, Black AS, Conyers MK. Effect of
plant residue return on the development of
surface soil pH gradients, Biol. and Fert.
Soils. 2001;33(1):75-82.

Zaman SK. Integration of fertilizer and
manure for sustainable soil fertility and
productivity in rice—rice cropping system.
Ph. D. Dissertation, Dept. Soil Sci.,
Bangladesh Agril. Uni.,, Mymen singh,
Bangladesh; 2002.

Rahman MHM, Rafiqu I, Jahiruddin MAB,
Puteh, Monjurul MA. Influence of organic
matter on nitrogen mineralization pattern in
soils under different moisture regimes.
Inter. J. Agril. Biol. 2013;15(1):55-61.
Keeney DR, Nelson DW. Methods of soil
analysis, part 2, 2nd edition, p: 643.
Agronomy 9, ASA and SSSA, Madison,
Wiscosin, USA; 1982.

Alvarez A, Garate A, Lucena JJ.
Interaction of iron chelates with several soll
materials and with a soil standard. J. Plant
Nutr. 1997;20:559-572.

Bhattacharyya P, Chakrabarti K,
Charkraboty A, Nayak DC. Effect of
municipal solid waste compost on
phosphorus content of rice straw and grain
under submerged conditions. Arch. Agron.
Soil Sci. 2005;51:363-370.

Haynes RJ, Mokolobate MS. Amelioration
of Al toxicity and P deficiency in acid soils
by additions of organic residues: A critical
review of the phenomenon and the
mechanisms  involved.  Nutri.  Cycl.
Agroecosyst. 2001;59(1):47-63.

© 2018 Eresha et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http.//creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history/25254




