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To study the effect of organic and inorganic fertilization on depth wise distribution of different
forms of phosphorus in Vertisol was performed on Vertisol under rice crop on soil samples
obtained from the ongoing long term fertilizer experiment (LTFE) project. The P status of the
different soil Pfractions (salod-P, Al-P, Fe-P, Red-Pand Ca-P) were analyzed from 0-15 cm, 15-
30 cm and 30-60 cm in soil depths. All P fractions were higher in surface layer than that
subsurface layer. The sequential order of dominance of different forms of Pwere Ca-P> Red-
P> Fe-P > Al-P > saloid-P in Vertisol. The highest value of P fractions were recorded in the
treatments 150 per cent NPK and 100 per cent NPK+FY M. Fertilizer wasadded rate of 0, 50, 100
and 150 per cent of recommended dose (100:60:40) in riceintegrated with FY M at 100 per cent
level and with green manure and BGA at 50 per cent level inrice. The integration with FYM
showed pronounced effect on P fractions. Continuous monitoring of physical and chemical
properties should be carried out for maintai ning soil health and enhancing the crop production.
Maximum portion of applied P was transformed in Ca-P followed by Red-P, Fe-P and Al-P.
Percentage distribution of different formsof P at 0-15 cm, 15-30 cm and 30-60 cm soil depths
was al so studied the higher amount of all P fractions (%) were recorded in surface layer (0-15
cm) than at sub surface (15-30 cm) and low in deep layer (30-60 cm). However, higher Pavailability
was observed at surface layer than that at sub surface layer.
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I ntroduction

Phosphorus are recognized as the second most
important nutritional factor, respectively, limitingtheyields
of field crops after nitrogen and required for maximum
crop production. These primary nutrientsplay avital role
incrop nutrition and their avail ability in soil isgoverned
by their forms (both organic and inorganic) and prevailing

soil chemical environment.

Phosphorus in soil is present in both organic and
inorganicforms. In general, inorganic Pisthe predominant
form of soil P, constituting 20 to 80 per cent of the total
Pin the surface layer (Tomar, 2003). It is the inorganic
fraction, which ismore intimately related to phosphate
nutrition to plantsin agricultural soils. Plant availability
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of inorganic P can belimited by theformation of sparingly
soluble calcium phosphate in akaline and calcareous
soils; by adsorption onto Fe and Al oxidesin acid soils
and by formation of Feand Al phosphate complexeswith
humic acids (Gerke, 1992). The nature and distribution
of different forms of P have provided useful information
for assessing the available P status of soil and for
estimating the degree of chemical weathering of the soil,
Pdeficiency, etc. Estimation of available Pindicatesonly
the amount of P present in soil solution and soil surface
whichisavailableto plantsbut it doesnot indicate about
therel ative contribution of different fractionsof Ptowards
available P. Thus, understanding of the relationship
between variousforms of P, their interactionsin soil and
various factor influencing P availability to plants is
essential for efficient P management in soil.

Resource and Research Methods

A long-term experiment wasinitiated in 1999 on a
Vertisol. The trestment combinations consisted of control
(no fertilizer application) and graded levels of NPK.
During rainy season, chemical fertilizer wereintegrated
with farm yard manure (FYM + 100 % NPK), green
manure (GM -Sesbania acul eate + 50 % NPK) and blue
green agae (BGA + 50 % NPK) before transplanting
paddy (TableA).

Table A : Organic and inorganic nutrient management treatments ‘
Main

plot Treatments

T, Control

T, 50% of the recommended optimum NPK fertilizer schedule
(50:30:20::N:P,05:K,0)

Ts 100% of the recommended optimum NPK dose
(100:60:40::N:P,05:K,0)

T4 150% of the recommended optimum NPK dose

(150:90:60::N:P,05:K,0)
Ts 100% of recommended optimum NPK + ZnSO, @10kg/ hain
(100:60:40::N:P,0s5:K,0 +ZnS0y)

Te 100% N and P of recommended N dose of fertilizer
(100:60:0::N:P,05:K,0)

T, 100% N of recommended optimum N dose (100:0:0::N:
P,05:K0)

Ts 100% NPK + FYM (5t /hain Kharif crop only)

To 50% NPK + BGA (10kg/hadry culture in Kharif crop only)
T 50% NPK + GM (Sown in site cut and mixed in soil in Kharif
season only)

The soil samples were collected from three soil
depth 0-15 cm, 15-30 cm and 30-60 cm. For analysis

split plot design was used, except P fraction for which
sample were pooled on one sample due constraint of
flexibility. For analysis of P fractions under different
treatmentsreplicated soil sampleswere mixed and only
one sample was prepared. Average data are shown in
resultsparts. Thefollowing standard methods were used
for analysis of the soil sample.

Fertilizer levels were considered in main plot and
soil depth in sub plot. The soil was analyzed for soil P
fractions and depth wise distribution of different form of
P, percentage distribution of under three soil depthswas
determined. The soil under study were classified under
clay textural class. In Vertisol of Chahhtisgarh state the
percentage of clay increase with depth. However, the
per cent contribution of the soil separates ranged from
20to 23 per cent sand, 30to 34 per cent silt and 45t0 50
per cent clay. The soil have reaction and conductivity
valueswithin safelimit for most of thefield crops, medium
in organic carbon status and available N, Pand K status
was 236 kg ha?, 16 kg ha* and 474 kg ha, respectively
(Table B).

Soil properties Value
pH 7.7
EC 0.20
Organic carbon 0.62
Available nitrogen 236
Available phosphorus 16.0
Available potassium 474
Sail texture

Sand 20
Silt 30
Clay 50

The soil samples were analyzed for soil reaction
(pH) and electrical conductivity using 1:2.5 soil water
ratio. Organic carbon was determined using Walkley and
Black’s rapid titration procedure (Walkley and Black,
1934). Alkaline permanganate method was followed for
estimation of available N (Subbiah and Asija, 1956).
AvailablePcontent wasdetermined spectrophotometrically
following the procedure of Olsen using NaHCO, (pH
8.5) as extractant. For analysis of soil P and itsfraction
double beam spectrophotometer was used following
procedure:

This method was described by Chang and Jackson
(1957) modified by Peterson and Corey (1966).
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Saloid— P- Extraction by ammonium chloride
(NH,CI)

Aluminium- P- Extraction by ammonium fluoride
(NH,F)

Iron— P- Extracted by NaOH

Reductant- P- Extraction by citrate dithionite

Calcium - P- Extraction by sulphuric acid (H,SO,).

Research Findings and Discussion

Theresults obtained from the present investigation
as well as relevant discussion have been summarized
under thefollowing heads:

Effect of nutrient management practices on soil P
fractions:
Satus of different forms of soil phosphorus (kg ha?)
in Vertisol :

Phosphorus, like any other plant nutrient is present
in soil in two major components i.e., organic and
inorganic. Organic P, which is mainly confined to the
surface layer, is mineralized into inorganic forms. But
the plants mainly depend on inorganic Pformsfor their
P requirements. Saloid-P, Al-P, Fe-P and Ca-Pfractions
are the main source of P supply to the plants. The
proportion of forms of phosphorus such as Ca-P, Al-P,
Fe-P, occluded and organic-P governs the response to
applied P (Singh et al ., 2003).

The amount of P recovered under variousfractions
varied considerably depending upon the treatments given
to rice crop. All P fractions viz.,, saloid-P, Al-P, Fe-P,
Red-P and Ca-P increased over control, only when
chemical fertilizers were applied at higher levels (100
and 150 %) either alone or in combination with organics

during therice crop. The application without Pfertilization
did not influence soil Pfractions, as under 100 per cent
N treatment. The continuous addition of organics with
chemical fertilizers may stimulate mineralizaion and
immobilization of plant nutrients, thereby affecting their
amountsin different organic and inorganic formsin soil
(Sihag et al., 2005).

Ingeneral, theintegration of inorganic sourceswith
FYM increased Al-P and Fe-P fraction of P whereas
application of super imposed dosethrough over chemicals
aone. Further, integration with BGA and GM increased
soil-Pfraction over control.

Inorganic source (150 % NPK) recorded higher
saloid-P, Red-P and Ca-P. Interconversions of P
fractions, greater accumulation of a particular fraction
due to use of different organics, crop preference for a
particular P fraction, chelation of Fe-P and Al-P by
organic compounds, time period and soil types and its
conditionsininfluenced therel ative amount of Pfractions
in soil as has been reported by different researchers (Jain
and Sarkar, 1979; Hedley et al., 1982; Mandal and
Mandal, 1973; Mandal and Chatterjee, 1972; Velayutham
et al., 1970).

All the P fractions were recorded higher values at
150 per cent chemical fertilizer followed by 100 per cent
fertilizer application alone or with FY M. Comparatively
higher value of Red-P and Ca-P was recorded in 150
per cent NPK followed by 100 per cent NPK + FY M.

The data on saloid-P is presented in Table 1.
M aximum concentration of saloid-Pwasrecordedin 150
per cent NPK (8.98 kg ha') followed by 100 per cent
NPK + FYM (8.88 kg ha?) treatments. The treatment
receivingfertilizer N alone (100 % N) and control resulted
in the lowest value of saloid-P (3.13 and 3.48 kg ha?),

Table1: Average of saloid-P (kg ha™) under different fertilization practices at three soil depths

Treatments (0-15cm) (185?3[(;jl (?f; (30-60cm) T-mean
Control 348 2.99 249 2.99
50% NPK 5.56 4.66 391 471
100% NPK 7.24 7.06 6.69 7.00
150% NPK 8.98 797 7.35 8.10
100% NPK + Zn 6.99 5.69 5.15 5.94
100% NP 7.79 6.89 5.46 6.72
100% N 313 2.85 2.36 2.78
100% NPK + FYM 8.88 8.25 753 8.22
50% NPK + BGA 5.65 4.95 3.78 4.79
50% NPK + GM 5.84 4.98 3.90 491
D-mean 6.35 5.63 4.86 5.62
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respectively. The result indicates that as fertilizer dose
increased, the status of saloid-P also increased
corresponding at three soil depths. Similar resultswere
reported by Singh et al. (2010).

Among al the P fractions lowest was saloid-P. Its
content in surface samples (0-15 cm) varied from 3.13
to 8.98 kg ha?, sub surface (15-30 cm) 2.85 to 8.25 kg
ha* and sub surface (30-60 cm) 2.36 to 7.53 kg ha*.
Surface layer showed highest saloid bound phosphorus
6.35 kg ha! followed by sub surface 5.63 kg ha? and
low amount in deep layer 4.86 kg ha*. The amount of P
recovered in saloid —P, Al-P and Ca-P form was found
toincrease significantly with the application of inorganic
fertililizersand their combined usewith organic materia
over control insoil.

Similar findings were also reported by Rajeswar et
al. (2009) who found that available P decreased gradual ly
from surface to subsurface layer and its content was
higher at surface layer.

The data presented in Table 2 showed that Al-P

was significantly influenced by different fertilization
practices. The lowest value was recorded in control and
100 per cent N. The highest value was recorded in 100
per cent NPK+FYM (61.63 kg ha?) followed by 150
per cent NPK (61.36 kg ha?). Higher value of Al-P
content in FY M treatment as compared to control may
be dueto the solubilization effect of certain organic acids
which are released during the FYM decomposition as
reported by Patel et al. (1993). The Al-P content in soil
changed widely with continuous use of various
combinations of inorganic fertilizer. The Al-P
concentration ranged from 32.79t0 61.63 kg ha! in 0-15
cm, 28.45 kg ha' to 58.39 kg ha in 15-30 cm and 23.47
to 54.38 kg ha in 30-60 cm soil depths. It’s content
declined sharply with soil depth from 51.20 kg ha? in
surface soil to 40.43 kg ha* present in soil depth of 30-
60 cm. These findings corroborate with those of Singh
et al. (2010); Trivedi et al. (2010) and Tiwari et al.
(2012).

The data presented in Table 3 revealed that each

Table2 : Average of Al-P (kg ha®) under different fertilization practicesat three soil depths

Treatments (0-15cm) (1?3l,|ocierﬁt)h (30-60cm) T-mean
Control 32.79 28.45 23.47 28.24
50% NPK 52.20 43.35 35.48 43.68
100% NPK 57.15 53.09 4517 51.80
150% NPK 61.36 57.92 53.93 57.74
100% NPK + Zn 54.51 51.84 4991 52.09
100% NP 55.78 52.45 48.97 52.40
100% N 38.20 27.09 22.04 29.11
100% NPK + FYM 61.63 58.39 54.38 58.13
50% NPK + BGA 49.74 45.86 33.99 43.19
50% NPK + GM 48.58 45.35 36.92 43.62
D-mean 51.20 46.38 40.43 46.00
Table 3 : Average of Fe-P (kg ha™) under different fertilization practices at three soil depths

Treatments (0-15cm) (frgle[(;j g&ﬂ; (30-60cm) T-mean
Control 52.34 47.87 40.69 46.97
50% NPK 67.66 62.92 48.16 59.58
100% NPK 81.57 72.28 56.92 70.26
150% NPK 84.56 78.71 65.49 76.25
100% NPK + Zn 79.15 72.01 60.77 70.64
100% NP 73.68 62.79 57.12 64.53
100% N 55.58 46.87 38.02 46.82
100% NPK + FYM 85.40 80.96 65.38 77.25
50% NPK + BGA 66.89 60.04 45.88 57.60
50% NPK + GM 65.24 58.73 50.37 58.11
D-mean 71.21 64.32 52.88 62.80
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addition of NPK (100 % NPK, 150 % NPK and 100 %
NPK + FY M) increased the magnitude of decrease in
Fe-P content as compared to control. The Fe-P was
found to be highest in the treatment 100 per cent NPK +
FYM (85.40 kg ha?) followed by 150 per cent NPK
(84.56 kg ha?) which were found to be significantly
superior to all other treatments. Similar trendsfound in
lower depths.

Theresultsfurther indicated that Fe-P ranged from
71.21 kg hat, 64.32 kg ha' and 52.88 kg ha* soil in 0-15
cm, 15-30 cm and 30-60 cm soil depth, respectively.
Similar results were reported by Bhakare and Tuwar
(2006).

The data presented in Table 4 showed that highest
value of R-Pwasrecorded in 150 per cent NPK (134.01
kg ha-*) followed by 100 per cent NPK + FYM (132.22
kg ha?) and lowest value in control (90.67 kg ha?).
Similar trendswerefound inlower depths. Graded dose
of NPK fertilizers caused an increase in R-P as

compared to control. Higher value of R-P in 100 per
cent NPK + FYM and 150 per cent NPK may be
attributed to the fact that the integration of chemicals
with FY' M increased al Pfractionsover chemicalsalone.
The values of R-P were lower than of Ca-P but higher
than the Al-P and Fe-P, which may be attributed to the
low sesquioxides. These findings followed the results
reported by Kolambe (1992); Nale (1996); Bhakare and
Tuwar (2006).

Reductant soluble P content in the soil profiles
ranged from 117.42 kg ha in surface soil and decreased
inlower depth103.60 to 94.50 kg ha*. R-Pfairly rich as
compared to Al-P and Fe-P. Reductant soluble P was
higher in surface horizons and the same decreased down
the depth. Similar trend in profile was also reported by
Singh and Omanwar (1987); Dongale (1993) and Trivedi
et al. (2010).

Table5 showed that maximum concentration of Ca-
P was recorded in 150 per cent NPK (214.62 kg ha?)

Table4 : Average of Red- P (kg ha™) under different fertilization practicesat three soil depths

Treatments (0-15cm) (18522,(? ?ﬁih) (30-60 cm) T-mean
Control 90.67 82.41 77.11 83.40

50% NPK 119.45 99.84 87.76 102.35
100% NPK 129.90 112.79 98.47 113.72
150% NPK 134.01 115.97 112.07 120.68
100% NPK + Zn 127.09 116.57 105.34 116.33
100% NP 107.22 106.64 103.55 105.80
100% N 94.33 89.97 79.58 87.96

100% NPK + FYM 132.22 123.05 110.58 121.95
50% NPK + BGA 118.34 92.78 84.65 98.59

50% NPK + GM 121.01 95.98 85.90 100.96
D-mean 117.42 103.60 94.50 105.17
Table5 : Average of Ca-P (kg ha®) under different fertilization practices at three soil depths

Treatments (0-15cm) (185(1(;jI ?rf; (30-60cm) T-mean
Control 168.99 155.73 138.38 154.37
50% NPK 183.88 177.43 158.00 173.11
100% NPK 208.87 199.87 169.95 192.90
150% NPK 214.62 198.57 188.24 200.48
100% NPK + Zn 207.32 191.39 180.79 193.17
100% NP 196.98 194.62 175.11 188.91
100% N 171.54 159.41 134.29 155.08
100% NPK + FYM 213.00 202.82 190.27 202.03
50% NPK + BGA 188.77 172.88 156.99 172.88
50% NPK + GM 189.98 179.32 159.44 176.25
D-mean 194.39 183.20 165.15 180.92
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followed by 100 per cent NPK + FYM (213.00 kg ha?)
and minimum concentrationin control (168.99 kg ha't).
On the other hand, plots receiving P application along
with N or N and K (50% NPK, 100 % NPK, 150 %
NPK, 100 % NPK + Zn, 100 % NP, 100 % NPK +
FYM, 50 % NPK + BGA and 50 % NPK + GM)
recorded substantially higher Ca-P content over control.
The resultsindicate clearly that asthe P fertilizer dose
increased, the status of Ca-P also increased
correspondingly at three soil depths. Similar trendswere
found in lower depths. Calcium-P was found to be the
dominant P fraction among various inorganic P forms
present in these soil. The Ca-P concentration ranged
from 194.39 kg ha* in 0-15 cm, 183.20 kg ha' in 15-30
cm to 165.15 kg hat in 30-60 cm in soil depth,
respectively. The Ca-P declined sharply with soil depth.
Successive addition of inorganic P fertilizer tended to
improve Ca-P concentration in soil from 154.37 kg ha
incontrol to 202.03 kg ha* in 100 per cent NPK + FY M.
Theuseof Pfertilizer in combinationwith N and K raised
the soil P content in all the fractions; theincrease being
more at higher rates of P addition. The continuous use
of phosphatic fertilizersin cropping system resulted in
buildup of phosphatein soil and it got transformed into
different inorganic Pfractions. Similar resultswere also
reported by Singh et al. (2010).

The Ca-P was the major inorganic Pfraction in all

the treatment plot because cal careous soils are reported
to havelarge amounts of PasCa-P, irrespective of nature
and kind of added fertilizer due to the more stabilized
nature of calcium system under high pH (Jaggi, 1991).
The Ca-P and R-P dominated in Vertisol.

Combined use of fertilizerswith manuresinfluences
theformand availability of soil phosphorusin many ways.
The proportion of forms of phosphorus such as Ca-P,
Al-P, Fe-P, R-P, organic Pgovernstheresponseto applied
P (Singh et al., 2003).

Higher concentration of total-Pwasrecorded in 150
per cent NPK (5789 kg ha*) followed by 100 per cent
NPK+FY M (5698 kg hat) and 100 per cent NPK (5679
kg ha?) treatments (Table6). Plots, which havereceived
fertilizer N alone (control and 100 % N) resulted in the
lowest value of total-P as compared to other fertilizer
treatments. On the other hand, plots receiving P
applicationalongwith N or N and K (50 % NPK, 100 %
NPK, 150 % NPK, 100 % NPK + Zn, 100 % NP, 100
% NPK+FYM, 50 % NPK+BGA and 50 % NPK+GM)
recorded substantialy higher total-P content. Theresults
indicates clearly that asthe P fertilizer dose increased,
the status of total-P also increased correspondingly to
three soil depths. Similar results were found by Dhillon
and Dev (1990); Dikshit et al. (1994) and Singh et al.
(20120).

Thetotal-Pin all the horizonswithin the soil profiles

Table 6 : Average of total- P (kg ha™) under different fertilization practicesat three soil depths

Treatments (0-15 cm) (185%6j ?r):)] (30-60 cm) T-mean
Control 4998 4695 4321 4671
50% NPK 5231 5111 4659 5000
100% NPK 5679 5565 4897 5380
150% NPK 5789 5468 5342 5533
100% NPK + Zn 5698 5552 5439 5563
100% NP 5399 5389 5231 5340
100% N 4993 4987 4467 4816
100% NPK + FYM 5698 5623 5437 5586
50% NPK + BGA 5378 4998 4643 5006
50% NPK + GM 5322 5121 4656 5033
D-mean 5418.5 5250.9 4909.2 5193
Table7 : Percentage distribution of different formsof P in variousat three soil depths

Sail depths SP Al-P Fe-P Red-P CaP
0-15cm 0.12 0.94 131 2.16 358
15-30cm 0.11 0.88 1.22 197 348
30-60 cm 0.10 0.81 1.07 192 3.36
Mean 0.11 0.88 1.20 2.01 347
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varied from 4000 to 6000 kg ha? (Table 6). Verisolsand
associated soils have high content of total P (Tamboli,
1996 and Bhakare and Tuwar, 2006). It generally
decreased with depthiin al the profiles. The decreasein
total-P content may be due decrease in organic matter
content down the profiles. Similar results were also
reported by Viswantha and Doddamani (1991) and
Dongale (1993). The highest content of total-Pin surface
layersmay be attributed to continuous addition of manure
and fertilizer inthislayer. Similar resultswerefound by
Trivedi et al. (2010). All theforms of Pincreased dueto
application of P fertilizer in sequence cropping, hence,
the total P content also increased.

The percentage distribution of different Pfractions
with respect to depthispresented in Table 7. The sal oid-
P ranged in suface layer 0.12 per cent (0-15 cm) and
subsurface 0.11 to 0.10 per cent (15-30 cm and 30-60
cm). Thevaues of Al-Pin the surface soil layer ranged
between 0.94 per cent and the values continued to
decrease with increasing depth, thus, the of 30-60 cm
soil layer approached the lowest values, which ranged
between 0.81 to 0.88 per cent. Similar result were
reported by Rajeswar et al. (2009); the highest P was
observed in the surface horizons and decreased
regularly with depth. The Fe-P ranged from 1.31 per
cent in 0-15 cm, 1.22 per cent in 15-30 cm and 1.07
per cent in 30-60 cm soil depths. Reductant soluble P
was fairly rich as compared to Al-P and Fe-P. This
content in the soil profilesranged from 0-15 cm (2.16
%), 15-30 cm (1.97 %) and (1.92 %) in 30-60 cm soil
depth. Inall the profiles, reductant soluble-P was higher
in surface horizons and the same decreased down the
depth. Similar trend was found in soil profile also
reported by Singh and Omanwar (1987), Dongale
(1993) and Trivedi et al. (2010). Dry environment at
surface is conducive for its accumulation instead of
prolonged moist condition prevailing in deeper layer.
Calcium-Pwasfound to the dominant P fraction among
various inorganic P forms present in these soils. The
Ca-P concentration ranged from 3.58 per cent in 0-15
cm surface layer, 3.48 per cent in 15-30 cm and 3.36
per cent in 30-60 cm soil depths, respectively.

Conclusion :

The P status of thedifferent soil Pfractions (salod-
P, Al-P, Fe-P, Red-P and Ca-P) were analyzed from 0-
15 cm, 15-30 cm and 30-60 cm in soil depths. All P
fractions were higher in surface layer than that

subsurface layer. The sequential order of dominance of
different forms of P were Ca-P > Red-P > Fe-P > Al-P
> saloid-Pin Vertisol. The highest value of P fractions
were recorded in the treatments 150 per cent NPK and
100 per cent NPK+FYM. Fertilizer was added rate of
0, 50, 100 and 150 per cent of recommended dose
(100:60:40) inriceintegrated with FY M at 100 per cent
level and with green manure and BGA at 50 per cent
level in rice. The integration with FYM showed
pronounced effect on P fractions. Maximum portion of
applied P was transformed in Ca-Pfollowed by Red-P,
Fe-P and Al-P. Studied the higher amount of all P (%)
were recorded in surface layer (0-15 cm) than at sub
surface (15-30 cm) and low in deep layer (30-60 cm).
However, higher P was observed at surface layer than
that at sub surface layer.
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