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Impact of Nano Poultry Bone Char on Phosphorus Dynamics and
Mineral Forms in Calcareous Soil
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Abstract

Low phosphorus availability in calcareous soils of arid and semi-arid regions is a major challenge
for plant nutrition and crop productivity. Organic amendments, such as poultry bone char, can be an
effective strategy to enhance phosphorus availability in these soils. Therefore, this study aimed to
investigate the effect of nano bone char on phosphorus release and the distribution of different
mineral phosphorus forms in calcareous soil. An incubation experiment was conducted in a
completely randomized design with five treatments: control, poultry bone char at 200 and 400 mg P
kg soil, and nano poultry bone char at 200 and 400 mg P kg™ soil, for 60 days at 25 + 2°C. At the
end of the incubation period, mineral phosphorus forms and phosphorus release kinetics from 1 to
72 hours were measured and fitted to pseudo-first-order, pseudo-second-order, and Elovich kinetic
models. The results indicated that nano poultry bone char at 400 mg kg™ increased dicalcium
phosphate and octacalcium phosphate by 3.02 and 3.10-fold, respectively, compared to the control.
Poultry bone char at 400 mg kg increased the apatite form by 67.45% relative to the control. Based
on the kinetic model fitting, the pseudo-second-order model provided the best fit, with the highest R2
and the lowest standard error. The highest and lowest ge values in the pseudo-second-order model
occurred with nano poultry bone char at 400 mg kg and the control, respectively. Overall, the results
showed that the application of bone char, especially nano poultry bone char, in phosphorus-deficient
soils increased soil phosphorus availability. Therefore, the application of nano poultry bone char as
an organic amendment is recommended to optimize phosphorus release and improve phosphorus
availability in calcareous soils.
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Table 1. Some physical and chemical properties of the studied soil

property unit value
Clay % 39
Sand % 21
Silt % 40
Soil texture - Clay loam
pH - 7.62
EC dSmt 2.56
oC % 0.42
CCE % 46.50
CEC Cmol, kg! 11.20
Total N g kg 0.51
Auvailable P mg kg* 5.24
Available K mg kg 1245
Total P mg kg* 578.25

Fhwd (Fazo sLJSS Jlgie 5 pSeslac Gogy aods - Jgux

Table 2. Summary of the sequential extraction method for mineral phosphorus forms

Forms  Shaking time (h) Extractant Extractant concentration
(M)
Cay-P 1 NaHCO;, pH =7.5 0.25
Cag-P NH4OAC, pH = 4.2 0.5
Al-P NH.F 5 pH =8.2 0.5
Fe-P NaOH 5 Na,COs 0.1-0.1
Cayo-P H2SO,4 0.25
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Table 3. Physicochemical properties of the studied poultry bone char and Nano-bone char.

pH EC
(dSm?)

C 0] P Ca CaP
%

Poultry bone char (BP)  9.11 1.66
Nano- Poultry bone char  8.58 111
(NBP)

37.84  25.67 10.79 2165 201
4046 2991 9.08 18.34  2.02
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Figure 1. FE-SEM images of poultry bone char (a) and nano-poultry bone char (b)
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Figure 2. The Fourier-transform infrared (FTIR) spectra of poultry bone char and Nano-poultry bone char.
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Table 4. Analysis of variance of the effect of treatments on inorganic P fractions in the soil

Source of df Mean square

variation Cas-P Cas-P Al-P Fe-P Cayo-P
Treatment 4 419™ 2619™ 25.61™ 8.86™ 15087
Error 10 2.33 2.34 1.00 0.25 2.33
CV (%) 2.94 1.18 7.74 7 3.49
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Figure 3. Effect of different bone char treatments on dicalcium phosphate content.
Control: control; BP: poultry bone char; NBP: nano-poultry bone char.

Means with the same letter are not significantly different according to Duncan’s multiple range test at the 5% probability level.
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Figure 4. Effect of different bone char treatments on octacalcium phosphate content.

BP: poultry bone char; NBP: nano-poultry bone char.
Means with the same letter are not significantly different according to Duncan’s multiple range test at the 5% probability level.
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Table 5. Comparison of the mean effects of treatments on Aluminum phosphate, Iron phosphate and Apatite

in the soil
Treatment Al-P Fe-P Cajo-P
(mg kg™)
Control 13.8¢ 10.6¢ 301.6°
BP-200 17.5° 11.3¢ 403.9¢
BP-400 21.22 14.82 543.92
NBP-200 16.9° 11.1¢ 375.05¢
NBP-400 20.22 12.9b 505.05P
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Means with the same letter within each column are not significantly different according to Duncan’s multiple range test at the 5%
probability level.
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Figure 5. Distribution of mineral phosphorus forms as determined by sequential extraction in different
treatments. BP: poultry bone char; NBP: nano-poultry bone char.
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Figure 6. P release kinetics of soil in different treatments.
BP: poultry bone char; NBP: nano-poultry bone char.
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Table 6. Kinetic model parameters of phosphorus release from soil treated with poultry bone char and nano-

bone char.
Pseudo-first-order model Pseudo-second-order Elovich

Treatments model

ge K1 R? SE ge K R? SE a(mg P(mg R? SE

(mg (mg kg*h kg?)*

kg?) kg?) )
control 6.92 0.065 095 0.12 6.92 0.021 096 0.10 2.19 0.67 0.92 0.20
BP-200 14.40 0.084 094 0.25 1430 0.012 0.97 0.20 5.38 0.31 0.90 0.40
BP-400 1743 0.10 093 0.28 17.18 0.011 0.96 0.23 6.56 026 0.89 0.45
NBP-200 3541 011 092 0.82 35.34 0.0057 0.95 0.68 1743 0.13 0.85 0.82
NBP-400 50.09 0.095 091 1.05 49.87 0.004 094 0.8 2444 0.093 0.83 1.05

e Ol Je3 56 NBP ¢ 2w 0l sl Jie 5 :BP
BP: poultry bone char; NBP: nano-poultry bone char.
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