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Abstract: The present study was undertaken to fractionate partially acidulated phosphate rock (PAPR) and evaluate
its effect on Phosphorus availability in alluvial soils. For this purpose, low grade phosphate rock was collected from
Udaipur, Rajasthan and acidulated at different degrees with sulphuric acid (H,SO,) (v/v)Results from an incubation
study showed that the available fraction of P [Water soluble (WSP) and Citrate soluble (CSP)] increased with in-
creasing degree of acidulation. The maximum WSP was obtained at 50% H,S0O,4(52.30% of total P) and the maxi-
mum CSP was obtained at 80% H,SO, (49.54% of total P). 50 % dissolution of rock phosphate was the best treat-
ment and found to be at par with that of 60% and 80% but was significantly superior to rest of the treatments. The
maximum WSP in the soil samples was obtained after acidulation with 50 %H,SO,and the maximum Olsen’s P by
the 14™ day of incubation. An increasing trend was found at initial stages of incubation (7-14 days) with a notable
decrease in the later stages. WSP demonstrated the maximum correlation at 40% dissolution(r = 96* for first order
reaction, r =95* for second order reaction) while for Olsen’s P, the maximum correlation was found in initial rock
phosphate sample (r =88* for first order reaction, r =94* for second order reaction). Kinetics analysis of the obtained
rock phosphate demonstrated that the PARP has more influence on phosphorus release pattern as compared to the
inorganic P (SSP).
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INTRODUCTION as superphosphate fertilisers on food crops (Chien

. o o al., 2010). We may save our rock phosphate reserve as
Mineral wealth is finite and non-renewable whildsit well as a huge amount of foreign exchange spent for
the maj(_)r resource_for deyelopment. Th_e OP“F"a' anday materials to prepare P fertilisers (Sinirkayal .,
economic use of this precious resource 1S of great 2014). Soils of Bihar are known to be moderateote |
portance. Local p_hosphate d_ep03|ts exist in Indta w plant available phosphorus (P) content. Althottgh
some of them being unexploited and mosj O.f them o use of phosphate rock has been well demonstrated in
Iow-gradg (Tar.'_;n_‘dar, 2013.)' Currently, majoritytoé . the management of varied soils, its effect in Inisets
phosphatic fertilisers are imported and_are expensi ¢ gihar under cereal cropping system for enha .

for most of the resource p_oo_r.farmers in th? cauntr phate availability and P-balance has never beetiestu
Phosphorus is the most limiting macronutrient after o aliminary incubation study was undertaken ideor
nitrogen in most of the Indian soils. Low phosphate y, yetermine the effect of partial acidulationatk phos-

availability in the soils of India, which is a rdsof : ; ; :

) . i : phate obtained from different sources in enhantieg
.h'gh phosphafce_ fixation (60 fo 70%) by hydroxidés o rphosphorus availability in a selected alluvial .soil

iron and aluminium and calcium carbonate when wate

soluble P-fertilizer is applied, leads to poor giedf MATERIALSAND METHODS
rice (Ghosal and Chakraborty, 2012).Partially Aeidu
lated Phosphate Rocks (PAPRS) are suitable foctdire
application and are a possible alternative to nere
pensive soluble phosphate fertilizers in agricaltur
fields (Hamadgt al., 2012, IFA, 2013,). But the ability
of the PRs to release phosphates in plant availabl
forms depends on their particle size, chemical an
mineralogical characteristics as well as the prig®r
of the soil in which they are applied. Previoussrsh
has revealed that PAPR is as agronomically effectiv

The study was conducted at Bihar Agricultural Unive
sity, Sabour during the year 2013.
Source and acidulation of rock phosphate: Low
grade rock phosphate was collected from the adijgini
areas of Udaipur, Rajasthan. The rock phosphate sam
le was ground and passed through 0.2 mm sieve. Fif
teen crucibles were taken and 50 gram of grounkl roc
phosphate was placed in each of the crucible. For
acidulation of the rock phosphate 20, 40, 50, 6D &h
percent of HSO, solution was prepared with distilled
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water (v/v). Triplicate crucibles were added with ral RESULTSAND DISCUSSION
of each prepared acid solutions in 1:1 ratios (whje
rock phosphate after complete acidulation for ZAvbas
then placed in a muffle furnace for complete dryitig
was then ground and passed through a 0.2 mm sieve.
Fractionation of partially acidulated phosphate
rock: Acidulated rock phosphate was analysed for =" :
water soluble phosphorus (WSP), citrate solublespho avaﬂ_zilble K were to the tune of 160.2 kgbad 221.6
phorus (CSP) and citrate insoluble phosphorus (§:ISPkgha respe_ctlve!y. . : .

following the methods described by (Page et al2)98 PAPR fractionation: The incubation experiment was

as depicted in figure 1. WSP content was estimategonducted to _study the dissolution of Udaipur Rock
after washing a known weight (1g) of the rock phos-PhOSphate' Single super phosphate (SSP-169)P

phate in distilled water. Sample was placed in &inn and 20%, 40%, 50%, .60% an.d 80% partially acidu-
fitted with Whatman no. 1 filter paper and leached Iatgd rock phosphate in a"L.N'aI SO!I collected rivo
with distilled water il 250 ml of leachate was-ob 2dricultural farm located at Bihar Agricultural ter-
tained. The leachate was placed in a 1 litre capaci sﬁy,_Saqu_lr. The solubility characterlstlcs Of. Plos-
volumetric flask and volume was made up with dis- phatic fertilizers were analysed in the labora(6ig. 1).
tiled water. Pipette out 5ml of the aliquot andi&im| At zero degree acidulation of phosphate rock, both

of Barton’s reagent and develop the vanadomolybdo-W_Spblan;j acid SOIU?IE ||3 wasTirr:itiaIIy absent,\:aﬁht:ts u
phosphoric yellow colour complex in a 50 ml volumet Sultable for use as fertilizer. The percentage waflla

ric flask. Make up the volume and measure the dbsor able BOsin PAPR increased with the increase in the
ance at 470 nm (Koenig and Johnson, 1942). degree of acidulation. 50 % PAPR gave high levéls o

Sample preparation: Three bulk surface soil (0-15 water soluble pOs(52.30% of total P) and cut down
. . 0, ibi I
cm) samples were collected from cultivated fields o the expenses whereas 80% PAPR exhibited maximum

adjoining areas of Bhagalpur district in Bihar. I1Soi CSP (49.54% of total P). But the 80% PAPR became

samples were air-dried and ground to pass through 3ticky because of the presence of free acids. Tgte h

mm stainless steel sieve. The physico-chemicalachar rate of reaction causes the calcium su]ph_ate toifpre
teristics of these soils were determined by stahdar {at€ from a strongly supersaturated liquid phase to

methods (Page et al, 1982). The surface soil saxmpleﬁ”e particle size on the surface of unreacted rock

were analyzed for texture, pH, EC, (Jackson, 1973),phosphate thereby partially blocking contact betwee

soil texture (Bouyoucos, 1962), Organic carbon the liquid phase and the unreacted rock partielesit-

(Walkley and Black 1934), available nitrogen (Sathbi ing in poor conversion of apatite to soluble forms.
and Asija, 1956), available potassium Hanway andThus the results show that at high acid concentrati
Heidel, 1952), water soluble phosphorus and Olsen’ 60% and 80% PAPR) lower percentage of WSP and

phosphorus (Olsen et al, 1954) listed in table 1. acid _soluble.EO5 is found in PAPR. .
Description of the experiment: An incubation study Post-incubation study: The data on P solubility re-
was initiated with the three collected soils in spia vealed that among the various P sources, the waker

beakers for 1-35 days with a seven-day interval (i. ble and acid solgble Sources released a'F”OSt daoble
1%L 7 147 21 28" and 3%' day) at 28 C in a BOD amount of P, with con_trol treatment. This can be ex
incubator. Acidulated phosphate rock (with 20, 80, plained by the fact that in the control treatmém, read-
60 and 80% kBQ,), rock phosphate @_ ,60 kg P ha Table 1. Physico-chemical characterization of experimental
(based on recommended dose of fertilizer for wheatsg;|,

crop) and Single Super Phosphate were added tg 100
soil sample (in triplicate). Plastic beakers usedhie

Important soil properties. The soil under considera-
tion was sandy loam in texture having a neutralgfH
7.15, EC and CEC of 0.34 dSmand 11.19 meq100g
respectively. The mean value of organic carbon was
found to be 0.53% while the mineralizable N and

Characteristics Alluvial Alluvial Alluvial

: h . soil 1 soil 2 soil 3
incubation study were arranged in a Completely Ran-textural class sandy sandy sandy
domised Block design. 5-8 drops of toluene weresddd loam loam loam
to the plastic beakers to check the microbial #gtifhe pH* 7.15 7.13 7.21
plastic beakers were shaken daily for six hoursmior- EC (dS nt)* 0.34 0.37 0.33
bital shaker (at 150 revolutions per minute). Organic carbon (%) 0.53 0.54 0.57
Post-incubation soil sampling and chemical analy- ~ Avallable  nitrogen  160.2 1713 185.7
ss After incubation the soil samples from the beaker (K9 ha)

were collected at the above mentioned interval of ,(Akvalr:g?)le phosphorus  34.8 372 36.5
seven days. The soil samples were ground and anaA\?a“aMe potassium  221.6 214.0 207.9
lyzed for WSP and Olsen’s P based on standard proce kg hat)

dure as explained by (Pageal., 1982) and (Olsest Water soluble phos- 0.64 0.66 0.64
al., 1954) respectively. s % was estimated spectro- phorus (mg k@)

photometrically. *1:2 soil solution
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Table 2. Mean water soluble phosphorus (WSP) of the thrde daring 1-35 days of incubation period for difat level of
acidulation rock phosphate inn&0,.

Incubation
W 1 7 14 21 28 35
Treatment
Udaipur | 2.53d 2.31c 2.11d 1.29d 1.24c 1.17c
20% PAPR 2.51d 2.36¢ 2.17d 1.32d 1.27c 1.23c
40% PAPR 2.78¢c 2.46¢ 2.24d 1.56¢ 1.35b 1.26bc
50% PAPR 3.69a 3.40a 3.47a 1.89a 1.45a 1.36ab
60% PAPR 3.57ab 3.34a 3.29ab 1.84ab 1.43a 1.35ab
80% PAPR 3.17b 2.92b 3.13bc 1.81b 1.41ab 1.31b
SSP 3.62a 3.37a 3.08c 1.83ab 1.45a 1.41a

Table 3. Mean Olsen phosphorus of the three soils during #8/s of incubation period for different levelazfidulation rock
phosphate in +80,.

Incubation period
days)

1 7 14 21 28 35
Treatment
Udaipur | 19.19c 19.35b 21.11b 17.87b 17.83b 16.26b
20% PAPR 19.50c 19.56b 22.76b 22.61lab 22.13ab 16.39b
40% PAPR 19.69b 19.83b 24.96ab 22.66ab 22.62ab 16.43b
50% PAPR 21.02b 21.09a 25.67a 24.68a 24.21a 18.27a
60% PAPR 21.05b 21.11a 25.70a 24.15a 24.09a 18.21a
80% PAPR 21.01b 21.10a 25.76a 23.15a 22.89ab 18.06a
SSP 23.22a 21.61a 26.66a 24.56a 24.05a 18.42a

Table 4. Representing first and second order of reactiandtic equation) of PARP and different forms of ghiosrus.
First order reaction

Treatment WSP Olsen P
I nter cept Slope R? I nter cept Slope R?

Control -0.456 -0.001 0.60 2.750 -0.000 0.63
Udaipur | 0.967 -0.025 0.90 2.969 -0.004 0.88
20% PAPR 0.969 -0.024 0.88 3.032 -0.001 0.04
40% PAPR 1.054 -0.025 0.96 3.036 -0.001 0.04
50% PAPR 1.430 -0.033 0.89 3.103 -0.000 0.01
60% PAPR 1.393 -0.032 0.89 3.129 -0.001 0.03
80% PAPR 1.272 -0.029 0.87 3.129 -0.002 0.08
SSP 1.378 -0.031 0.92 3.198 -0.003 0.15
Second order reaction

Control 1.577 0.001 0.60 0.063 0.000 0.63
Udaipur | 0.357 0.015 0.90 0.051 0.000 0.95
20% PAPR 0.359 0.014 0.87 0.050 0.000 0.79
40% PAPR 0.324 0.013 0.95 0.049 0.000 0.69
50% PAPR 0.200 0.015 0.89 0.047 0.000 0.94
60% PAPR 0.210 0.015 0.89 0.043 0.000 0.04
80% PAPR 0.245 0.014 0.88 0.043 0.000 0.09
SSP 0.219 0.014 0.91 0.040 0.000 0.17

ily available P reacts with the Fe, Al and Ca iagmghe poorly crystalline ferrous hydroxides or carbonates
soil thereby forming iron and aluminium phosphate formed by soil reduction (Patricit al., 1985), Ponnam-
complex as intermediate products. peruma, 1985) and (Tian-renal., 1989).

It was interesting to note that on theday of incuba-  The solubility of P may influence PR dissolutiorogy
tion, water soluble P released from 50 % PAPR wasucts since the P released from PRs is effectively r
numerically higher when compared to that of SSP andmoved from solution by iron and aluminium oxides,
significantly superior to rest of the treatmentslfle thus creating a gradient for further dissolutibassisa

2). At incubation stage of thé"@ay and thereafter the et al.,2015, Smyth and Sanchez, 1982).

water soluble P decreased and the trend was foumel t It was found that during thé"7and 14' day of incuba-
similar for each treatment. This can be ascribextlsorp-  tion, Olsen’s P released from 50% PAPR was at par
tion of soluble P from soil solution by the re-ppated with that of SSP, 60% and 80% PAPR and was signifi-
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reaction, r =94* for second order reaction). Kiosti

aararslobleP () BateSulublepte)  # Catelusolubleps) analysis of the obtained rock phosphate suggeats th
1 PARP has more influence on phosphorus release pat-
s tern as compared to the inorganic P (SSP).
. The solubility pattern of the phosphatic fertiligghus

‘ : B resulted the order of solubility of P or its resityi to

4 . be: 50% PARP>SSP>60% PARP >80% PARP>40%
2 j PARP>20% PARP > Udaipur Rock Phosphate for water
. ' | soluble P, and a order of SSP> 80% PARP >60% PARP

>50% PARP>40% PARP>20% PARP > Udaipur Rock
Phosphate for Olsen’s P. But non significant déffese
was observed between SSP, 80% PAPR, 60% PAPR and

Fig. 1. Fractionation of partially acidulated rock phosphate. 50% PAPR as far as Olsen's P is concerned.
Conclusion

cantly superior to rest of the treatments (Table®  Raw URP has very little potential for direct apption

a decrease in the later periods (i.e. after 14)d@¥8s i the studied soils but when acidulated, its dftes

is obviously due to the presence of water solublt a ness as P fertilizer is enhanced. In this experiaten
acid soluble P which was released earlier andigedf  jhyestigation, the effect of partial acidulation the

in due course of time. A probable explanat_lon fost  ollected rock phosphate samples on the phosphorus
may be the presence of Al-P and Fe-P in the rockyjlapility was studied. In comparison to SSP, 50%
phosphate crystals and in the intermediate prodofcts partially acidulated Udaipur rock phosphate in the
the soil-PR interaction, from where the alkalinsddls  ggils was reactive enough to provide plant avadlabl
extractant may dissolve potentially unavailablen® thus 1, satisfy the early P requirement of crops foumdbé
lead to overestimation of P (Rajetrel., 1996). Increased  the pest among all other treatments because #ases
dissolution of the rock phosphates when added ité SO the water soluble s recovery substantially. Solubil-
may also be attributed to the neutralization of @€ v measurement cannot be used to predict specific
ions, released on hydrolysis of the phosphate @0 yie|d response but they can serve as a useful neans
soil acidity. (Chhonkar, 1994, Mizane, and Reh@mnni predicting relative performance of one source over
2012)) also reported that P availability to planes sig-  another and this is useful in selection of the negst
nificantly increased in soil. propriate source. It can thus be concluded that low

The trend of P-release by the fertilizers was n®  grade Indian phosphate rocks can be efficientlyl wse
nounced in the treatments, 50% PAPR and SSPfgrjlizers in soils upon acidulation.

(Barnes and Kamprath, 1975) and (Simgal., 1976)
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