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ABSTRACT: Phosphorus deficiency is a major problem in tropical soil and it directly influence
the productivity of crops. Sandy regosol is a major group of soil in Batticaloa District, Sri Lanka.
Productivity of most legume crops limited in the sandy regosol due to the lack of the availability
of phosphorus. Usually Phosphorus deficiency can be managed by using a proper phosphorus
source in sandy regosol. Eppawala rock phosphate is a cheap and available source of
phosphorus in Sri Lanka and due to its low solubility, it has been confirmed as a constrain of
direct use to annual crops as a phosphate source and it was limited only to perennial crops. A
study was conducted from July to September 2017 to increase the solublility of various rates of
Eppawala rock phosphate to give 18kg P-Os/ha, 36kg P.Os/ha and 54kg P>Os/ha solely (control)
and in combination with dissolving agents compost, sulphuric acid and triple super shosphate
(TSP). These 12 treatments replicated three times in a Completely Randomized Design (CRD)
in a factorial manner. Soil and plant phosphorus contents were recorded at 2 weeks interval upto
harvesting. The data were statistically analyzed using SAS and difference between treatment
means was compared using Duncan’s Multiple Range Test (DMRT). Results revealed that the
application of ERP with dissolving agents increased soil phosphorus content from 90.12mg/kg
to 465.998 mg/kg (at eighth week). Among all applications 54kg P>Os/ha in the form of ERP with
dissolving agent triple super phosphate proved to be the best to increase soil and plant
phosphorus content. The results of this study suggested that incorporation of triple super
phosphate and ERP could be used as effective way to increase the phosphorus availability in
soil.
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1. INTRODUCTION

Rock phosphate is one of the basic primary resource for phosphate fertilizer
production. It is one of the complex fertilizer and most of them are low in
solubility. The phosphorus deposit at Eppawala in Anuradhapura district was
discovered and late mapped by geological survery in 1971 (Hewawasam ,20
13). The eppawala rock phosphates are characterised by low silica (<0.41%),
high phosphorous (£10.58%) and high strontium content (2,960-6,819 ppm)
(Pitawala et al,2003). The Dushyantha et al. (2017) reported the respective
phosphate content of eppawala rock phosphate, average concentrations of
P20s, cao and K20 in downstream lake were respectively 0.80%, 0.44% and
0.25%. In upstream lake sediments, the respective values were 0.45%, 0.26%
and 0.12%. Methods used to dissolve rock phosphate partial acidulation with
Inorganic acids, amendment with organic matter and blending with water soluble
fertilizers. In recent years, attempts have been made to increase the phosphorus
availability of natural rock phosphate by using organic manure (Deshpande,
2015). The evolution of CO2 and production of organic acid during the organic
matter decomposition will dissolve some of the rock phosphate and increase its
phosphorus availability therefore phosphorus concentration in the vicinity of
decomposable organic matter is likely to be higher than in the rest of the soill
(Hosseini et al, 2010). Triple super phosphate was one of the first high analysis
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phosphate fertilizer, that became widely used in the 20th century. One possible
way to improve the solubility of phosphate rock is by co-composting it with
organic substances Four variants of composts were made in a biomass
composting bioreactor. Speir et al. (2004) reported that samples grown the field
trial, soil total C, N, P and Olsen phosphorus were increased markedly with
increasing the compost application rate. Rock phosphate with compost recorded
lower olsen phosphorus at the initial period of incubation study than di
ammonium phosphate, but improved significantly with the progress of time.
Products of the metabolism of microorganisms which decompose organic
matter break down phosphate, releasing plant available phosphate compounds
in soil (Korzeniowskaor et al,2013). The sulphuric acid plays a major role in the
solubility of rock phosphate. Sulphuric acid converts the P20s into soluble form
of phosphorus such as single super phosphate(SSP) by the acidulation with
apatite. (Matiullah khan &Shahid Ahmad,2012). Sandy regosols is one of the
major soil groups in Batticaloa district and cowpea is cultivated over a wide area.
Legumes are phosphorus loving plants, they require phosphorus for growth and
seed development. Selection of cowpea lines that produce good yield under low
soil phosphorus or those with high phosphorus use efficiency can be a low input
approach to solving this problem (Nkaa et al., 2014).

2. METHODOLOGY
This study was conducted from July to September 2017 to investigate the effect

of various rates of eppawala rock phosphate to give 18kg P20s/ha, 36kg
P20s/ha and 54kg P20Os/ha solely (control) and in combination with dissolving
agents compost, Sulphuric acid and triple super phosphate (TSP). These 12
treatments replicated three times in a Completely Randomized Design (CRD) in
a factorial manner. Both soil and compost were analyzed for Initial phosphorus
content using borax extraction method (Murphy and Riley,1962). The soil used
for this experiment was sandy regosol soil (Sand 91.8 %, Silt 4.9 % and Clay
3.3 %) having a pH of 6.43, porosity- 44.7%, bulk density -1.46 gcm and initial
phosphorus content 90.12mg/kg.

A bulk soil sample was collected. It was processed and air dried and sieved by
using 2mm mesh sieve, for homogeneity. Each polyethylene bag was filled with
eight (8) Kg of processed soil. Then they were properly labelled and arranged
according to the design. According to the treatment combinations of phosphorus
source and dissolving agents were incorporated with soil in each bag at the
recommended rate. Details of the treatments given are described below,

Tablel. Details of Treatments
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Treatment Details
T1 Compost (1ton/ha) + ERP (50kg/ha)
T2 Compost (1ton/ha) +ERP (100kg/ha)
T3 Compost (1ton/ha) +ERP (150 kg/ha)
T4 Sulphuric acid (60lit/100kg) +ERP (50kg/ha)
T5 Sulphuric acid (60lit/100kg) +ERP (100kg/ha)
T6 Sulphuric acid (60Iit/100kg) +ERP (150 kg/ha)
T7 TSP (100kg/ha) + ERP (50kg/ha)
T8 TSP (100Kg/ha) +ERP (100kg/ha)
T9 TSP (100Kg/ha) +ERP (150 kg/ha)
T10 ERP (50kg/ha). (control)
T11 ERP (100kg/ha). (control)
T12 ERP (150 kg/ha). (control)

Cowpea seeds (waruni variety) were planted in pots and agronomic and cultural
practices were practiced according to the recommendation by the Department
of the Agriculture.

2.1 Quantitative Approach
a. Soil Phosphorus Content

Soil sample from each treatment was collected at 2 weeks interval and its
phosphorus content was analyzed.

b. Plant Phosphorus Content
Plants were uprooted at harvesting and its phosphorus content was analyzed

The data from experimental pots were statistically analyzed using Analysis of
Variance (ANOVA) to detect the significance if any at treatment level. The
difference between treatment means was compared using Duncan’s Multiple
Range Test (DMRT).

157



Proceedings of 8" International Symposium-2018, SEUSL

3. DISCUSSION AND RESULTS

1. Effects of eppawala rock phosphate with dissolving agents on soil phosphorus
availability.
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Figure :1 Periodical Changes in Available Phosphorus Content in Soil in 50kg/ha ERP
(18kgP20s/ha) Rate with Dissolving Agent Combinations
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Figure :2 Periodical Changes in Available Phosphorus Content in Soil in 100kg/ha ERP (36kg
P-Os/ha) Rate with Dissolving Agent Combinations
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Figure :3 Periodical Changes in Available Phosphorus Content in Soil in 150kg/ha ERP (54kg
P,0Os/ha) Rate with Dissolving Agent Combinations

The break through curves obtained at two weeks interval regarding phosphorus
availability in soil for eppawala rock phosphate application rates with dissolving agent
is shown in figure: 1, 2 & 3. The available phosphorus content was higher at 2 weeks
after fertilizer application in the combinations receiving triple super phosphate and
sulphuric acid at all three rates of eppawala rock phosphate application.
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It might be due to the immediate effect of sulphuric acid on enhancement of the solubility
of eppawala rock phosphate and thereby it may be converted into easily available form.
Khan et al. (2012) reported that the application of sulphuric acid at the rate 60L/100kg
with the 50% of dilution can yield better kind of single super phosphate from Hazara
rock phosphate and Straaten (2002), reported that sulphuric acid was used to produce
the single super phosphate fertilizer from the rock phosphates. It may be the reason for
the increase of phosphorus content in soil solution.

Triple super phosphate also one of the easily soluble phosphatic fertilizer therefore it
may also release additional amount of phosphorus in to the soil solution. Kulasinghe et
al. (2013) supported the result that the soil only treated with triple super phosphate
supplied sufficient phosphorus to soil than other treatments in calcareous soil. It might
increase the phosphorus content in soil at initial condition (after 2weeks of fertilizer
application). Ayodele & Oso (2014) illustrated that the triple super phosphate fertilizer
contains mainly water-soluble form of phosphorus, being 95-98% in readily available
form.

The available phosphorus content was increased and reached to a peak at the 6weeks
after fertilizer application in the compost combination at all the rate of eppawala rock
phosphate. It may be due to the decomposition and release of available nutrients and
organic acids by the compost. Yadav et al. (2017), reported a maximum soluble
phosphorus content in combination of rock phosphorus and compost. But due to the
slow solubility of the compost with eppawala rock phosphate the release may be at the
latter stage. Kulasinghe et al. (2013) supported the slow release of organic phosphorus
during the decomposition of organic matter in the coconut palm. Solubility of ground
phosphate rock was increased resulting from co-composting with organic substances,
(Korzeniowska et al, 2013).Which may be due to the increase in the bioavailability of
phosphorus.

There was a sudden reduction in soil phosphorus content during 6weeks to 8 weeks
after fertilizer application. It might be due to peak losses of phosphorus from soil. This
result was supported by Haruna (2011). The lowest soil phosphorus content was
recorded at 8weeks after fertilizer application. It might be due to the fixation of the
available phosphorus with soil particle and was change as unavailable form
(Srinivasamurthy,2014). Among the treatments, 54kg P,Os/ha eppawala rock
phosphate rate was received the highest phosphorus content and was followed by
36kgp:0s/ha, 18kgp-0s/ha. This indicated that the significant influence of rate of
application on phosphorus availability. The phosphorus availability in soil may get
increase with increasing rate of eppawala rock phosphate application. Changes in the
values of the phosphorus fractions in soils were affected significantly by phosphorus
source and rate of application (Akintokun, 2001).

2. Effect of eppawala rock phosphate application and dissolving agents on phosphorus
content in cowpea plant at harvest (P %) was significantly influenced by dissolving
agent with eppawala rock phosphate as p value is less than 0.05.
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Table 2. Effect of ERP and dissolving agents on phosphorus content in cowpea plant (P %) at

Treatment

18kg PzOs/ha

Rate of ERP
36kg P>0Os /ha

54kg P>0Os /ha

Compost
Sulphuric acid

Triple superphosphate (TSP)

Control

0.194 +0.5582
0.198 £ 0.9182
0.205 £ 0.8332

0.159+ 1.7402

0.214 +0.8732
0.227+ 0.3492
0.234 £ 0.5302

0.187 + 0.4862

0.249+ 0.5812
0.271 £0.2182
0.306 + 0.481°

0.245 +0.9162

Dissolving agent

ERP
Interaction

P<0.05

P<0.05
P>0.05

Means with the same letter(s) are not significantly different from each other according to the Duncan
multiple range test at 5% significant level.

Here 50kg/ha,100kg/ha and 150kg/ha rate of ERP contain 18kg P2Os /ha,36kg P20s /ha and 54kg P20s /ha
respectively.

The results (Table 2) pertaining to phosphorus content in plant at the harvest stage
indicated that there was a significant influence of eppawala rock phosphate rate on
phosphorus content in plant. Among the treatments, 54 kg P»Os /ha eppawala rock
phosphate rate recorded highest value and was followed by 36kg P.Os /ha. It may
increase the plant uptake phosphorus content with increased the phosphorus source
application rate. But there is no highly significant influence of eppawala rock phosphate
rate on the phosphorus content in plant. It may be due to the phosphorus uptake ability
was limited to the particular plant species. Among the treatments, triple super
phosphate combination recorded the highest value. It may be due to phosphorus
content was high in the soil solution as a plant available form. Ghosal & Chakraborty
(2012) reported that triple super phosphate was a one of the phosphatic fertilizer in
highly soluble form and easily released the phosphorus into soil solution. The relative
efficiency of phosphorus sources fertilizers content as a high degree of water soluble
phosphorus encourages early season growth in small cereals (Ali et al, 2015).

Among the treatments second highest value was in the sulphuric acid and was followed
by compost. It may be the higher soluble phosphorus in the sulphuric acid than the
compost. It may be the due to the acidulation reaction of sulphuric acid with eppawala
rock phosphate and convert into plant available form. Hammond et al. (1986) reported
that a proportion of sulphuric acid was used in partial acidulation of phosphate rocks
(PAPR) by the acidulation. This technology provides a portion of the phosphorus in a
readily available form. Phosphorus uptake was increased with soluble/easily available
form in soil solution until reach the crop demand for the phosphorus. But cowpea plants
are phosphorus loving plants (Sanginga et al, 2000). Ahlawat et al. (1999) reported that
phosphorus is needed in relatively large amounts by legumes for growth.

There is no highly significant influence of dissolving agents on phosphorus content in
plant. It may be due to the phosphorus uptake ability was limited to the plant species.

But comparatively the result was obtained in the soil phosphorus content in this study
in high range of value than the plant phosphorus content value. Phosphorus content in
cowpea plant was in this range 0.306-0.159% depend on table 2 value. The plant might
be responsible to the plant available phosphorus form within the particular range.
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Havlin et al, 2005 reported that phosphorus concentration in plants ranges between
0.1-0.5% and plants also absorb soluble, low molecular weight organic phosphorus
compounds and Akande et al. (2005) stated percentage concentrations of phosphorus
in maize and cowpea leaves sampled after treatment, Significant differences were
observed in phosphorus content in the leaves for both crops as 0.18—-0.36% and 0.15—
0.28% respectively.

4. CONCLUSION

Highest phosphorus content in soil and plant was recorded in the combination of 54kg
P-Os/ha (ERP) with triple super phosphate. But in soil, combination of 54kg P.Os/ha
(ERP) with compost treatment phosphorus content was reached maximum at 6 weeks
after fertilizer application. Among them highest was in compost with 54kg P.Os/ha
(ERP).
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