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Introduction

Phosphorus as a vital nutrient for plant growth and development, contributes significantly to processes like
photosynthesis, energy production, and root development. In soil, phosphorus mainly exists as phosphate, though
much of it is not accessible to plants. There are several methods for providing phosphorus to plants: such as
chemical, organic, and combination of chemical and organic phosphorus fertilizers. The chemical fertilizers
rapidly supply plants with absorbable phosphorus. However, excessive use of the fertilizer can degrade soil quality
and cause environmental pollution. Manure and compost as organic fertilizers release phosphorus slowly in the
soil. In addition to providing phosphorus, they enhance the chemical and biological properties of the soil. Using
combination of chemical and organic fertilizers can increase phosphorus availability, promote soil health, and
improve the sustainability of agricultural production. Given the importance of understanding the various forms of
phosphorus in the soil for better plant nutrient management, as well as evaluating the combined application of
different levels of chemical fertilizers and animal manure on the different forms of phosphorus, this study was
conducted to examine the impact of these two phosphorus sources on its dynamics in the soil.

Materials and Methods

To investigate the effects of mono-potassium phosphate (MKP) fertilizer on various forms of phosphorus in
soil, a completely randomized factorial experimental design was conducted. The treatments included four levels
of MKP fertilizer (0, 70, 140, and 210 kg ha') and two levels of cow manure (0 and 40 tons ha'). The impacts of
the treatments on soil electrical conductivity (EC), pH, organic carbon (OC), and different phosphorus (P) fractions
(water-extractable, NaOH-extractable, HCl-extractable, NaHCO;-extractable, Olsen-P, and residual P) were
examined. After harvesting, soil samples were taken from a depth of 20 cm below the initial fertilizer application
site to examine the different fractions of soil phosphorus. A composite soil sample was taken from each treatment
and after being transported to the laboratory, air-dried and passed through a 2 mm sieve.

Results and Discussion

Overall, the results indicated that the addition of MKP and cow manure increased the soil EC and organic
matter content. MKP fertilizer and cow manure significantly influenced various P fractions in the soil. Organic
carbon content notably increased in the presence of cow manure. However, the interaction of high levels of
phosphorus and cow manure resulted in a decrease in soil electrical conductivity (EC). The highest and lowest P
concentrations were observed in the water-extractable fraction and residual P fraction, respectively. Organic matter
predominantly enhanced the concentration of various P fractions, particularly water-soluble P. Organic matter
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exhibited a positive and significant correlation with water-extractable P (0.57), NaHCO3-extractable P (0.44),
NaOH-extractable P (0.44), and HCl-extractable P (0.6). The most pronounced effect of organic matter was on the
water-extractable fraction, where its interaction with the MKP levels of 0, 70, 140, and 210 kg ha resulted in
respective increases of 35%, 51%, 36%, and 62% compared to the control. The inclusion of manure in the soil
boosts the levels of available, water-extractable phosphorus, as well as phosphorus extractable with bicarbonate
and sodium, and also increases residual phosphorus. Furthermore, higher levels of monopotassium phosphate
fertilizer enhance soil electrical conductivity and extractable phosphorus. However, in some instances, such as
with acid-soluble phosphorus, they can lead to a decrease in the concentration. In general, the combined application
of manure and monopotassium phosphate improved soil phosphorus content; however, their impact on other soil
properties, such as pH and organic carbon may vary.

Conclusion

The simultaneous use of chemical and organic fertilizers can had a significant positive effect on the availability
of phosphorus in the soil. As highlighted in the text, animal manure enhanced phosphorus availability to plants
due to its phosphorus content and its influence on soil phosphorus solubility. Additionally, the observed sequence
of phosphorus concentrations in different soil fractions (water > sodium > bicarbonate > acid > residue) reflected
the distinct effects of these phosphorus sources, which, when combined, can improve the availability of this
nutrient. Another important consideration was the need for further research to determine the optimal levels of these
fertilizers. This would help identify the most effective combination and application rates for improving soil fertility
and boosting agricultural productivity. Overall, such studies enable farmers and researchers to develop more
effective strategies for managing phosphorus in soil, thereby contributing to the maintenance of soil health and
higher agricultural yields.
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Table 1- Summary of the method of measuring the chemical forms of phosphorus in the soil

Fraction  Phosphorus type

SrSo las g,
Extraction method
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To 0.5 g of soil, 15 mL of distilled water was added, and extraction was carried out after 16 hours.
b 68 ojlas celu V5 3l dm g 03,8 4Ll PH 8.2 Vg0 /0 podes i) o yid o V0 bl yo S 4

To the soil from the previous step, 15 mL of 0.5 M sodium bicarbonate (pH 8.2) was added, and extraction was

carried out after 16 hours.
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To the soil from the previous step, 15 mL of 0.5 M sodium hydroxide was added, and extraction was carried out

after 16 hours.

3 68 ojlas ol V8 ) sy g 00 Ll Ve ) Supa IS dewl 2 e 10 B dlyo S

To the soil from the previous step, 15 mL of 1 M hydrochloric acid was added, and extraction was carried out

after 16 hours.

A5 655 o las 5 0 03l &l sl V8 51 e 5 005 aBL] el SIS 0 sl e V5 Ll S vl 20 e Y euilesdl S

1 Water-P
2 NaHCO;-P
3 NaOH-P
4 HCI-P

5 Residual-P

To the remaining soil, 3 mL of concentrated nitric acid and 1 mL of perchloric acid were added, then heated for
16 hours, and extraction was carried out.
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Table 2- Result of initial chemical analysis of soils

Falb P2100M1
Parameters

Joleo S’ iy
Calcium Carbonate 18.5 22 175
equivalent (percent)
IS ier
Total nitrogen 727 312 658
(percent)
oo rd BB plty
Available potassium 370 216 385
(mg kg™)

P2100M0

P1400M1

P1400M0 P700M1 P700MO POOM1 POOMO

225 18 20.5 155 225

419 1089 472 955 423

295 340 285 310 380
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Table 3- Variance analysis of the effect of experimental treatments on soil chemical properties

Ol po (il
s Mean squares
&be i
. sl .
Ol ks $23 oS el iz
Sourcesof  Dedrees ) o S
variances of Residual-P HCI-P NaOH-P  NaHCO;-P  H,O-P Olsen-P Organic L SKa
freedom matter Electrical Soil pH
conductivity
S gohas 3 10522* 396.4* 587.4* 928.4* 17.9* 4481* 0.106** 28.49* 0.077*
P levels
u‘ﬂ ool
Organic 1 12382 396.2* 3440 1909 55.1%  2320.2* 1.74* 196.19* 0.029"
matter
ool x )n.ws
o 3 2420* 156.3** 1326** 225.3* 2.65% 1565.3** 0.062** 46.74* 0.037*
Organic x P
matter
Lo
Error 16 1.02 1.32 124 11.26 0.055 9.62 0.005 0.144 0.011
Sl e 11.6 10.3 75 12.2 9.1 10.1 9.3 8.8 6.2

Coefficient of variances
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ns, * and ** are non-significance and significance at five and one percent level, respectively.
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Figure 1- Mean comparison of interaction of phosphorus and organic matter levels on pH, electrical conductivity and soil
organic carbon
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Soil pH
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ns, * and ** indicate non-significant, significant at the 5% level, and significant at the 1% level, respectively
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