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Abstract

Introduction Phosphorus is one of the essential macronutrients required for plant growth, playing a critical
role in processes such as photosynthesis, energy transfer, and cell division. However, inorganic phosphorus
in soil is often present in insoluble and plant-unavailable forms, particularly in soils with high pH or
elevated levels of phosphorus-fixing elements. Consequently, phosphorus use efficiency in agricultural
systems is generally low, leading to excessive application of chemical fertilizers, which in turn raises
significant environmental concerns. In recent years, the use of biological soil amendments such as biochar
and carbon black has gained attention as a sustainable approach to improving nutrient stability and
availability in soils. Biochar, produced through the pyrolysis of biomass under low-oxygen conditions, is
characterized by its porous structure, high cation exchange capacity, and strong sorption ability, all of
which contribute to nutrient retention and controlled release. Similarly, carbon black -a by-product of
incomplete combustion of carbonaceous materials- can influence soil phosphorus dynamics due to its
unique chemical properties. Moreover, soil moisture acts as a crucial factor in nutrient dynamics.
Variations in moisture levels can affect the physical, chemical, and biological processes in soil, thereby
altering the distribution and chemical forms of inorganic phosphorus. Given the increasing frequency of
droughts and irregular irrigation due to climate change, it is essential to investigate the combined effects of
moisture regimes and soil amendments on phosphorus behavior. Therefore, this study aims to evaluate the
simultaneous effects of carbon black and biochar on the chemical distribution of inorganic phosphorus in
soil under different moisture conditions. The findings of this research are expected to provide valuable
insights for optimizing phosphorus management and enhancing the sustainability of agricultural systems.
Materials and Methods In this study, a factorial experiment with four replications was conducted in 2023
using a completely randomized design to investigate the chemical distribution of inorganic phosphorus in
soil affected by carbon black and biochar under different moisture conditions. The experimental factors
included: 5% w/w/ carbon black, 5% w/w biochar, a combination of 2.5% carbon black and 2.5% biochar,
and a control; two moisture levels (field capacity and saturation); and two incubation periods (30 and 60
days). The chemical forms of phosphorus were determined using the sequential fractionation method
proposed by Jiang and Gu (1989).

Results and Discussion The results showed that the application of biochar and carbon black under
different moisture conditions led to significant changes in the availability of various chemical forms of
phosphorus. Specifically, the use of carbon black as a soil amendment resulted in increases of 76.5% in
octacalcium phosphate, 99% in occluded phosphate, and 46% in total phosphorus. Application of biochar
led to an 88% increase in dicalcium phosphate, and 81% increase in available phosphorus.The combined
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application of both amendments caused a 37% increase in aluminum phosphate and a 53% increase in
apatite. However, this treatment also led to a 1% reduction in soil iron phosphate.

Conclusion Overall, the use of biochar and carbon black presents a promising approach for enhancing
phosphorus availability in soil and improving plant health.
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Figure 1. Field Emission Scanning Electron Microscopy (FESEM) images of carbon black N-330
(Paul et al., 2023).

Table 1. Some chemical properties of biochar.

Total-Na Total-K Total-P CIN N C EC pH
% % % % % dsm*
0.15 1.35 0.18 147.7 0.48 70.9 1.97 7.93
Total-Mn Total-Cu Total-Zn Total-Fe
mg kg
57.5 134 425 298
Table 2. Some physical and chemical properties of the studied soil.
Soil texture Clay Silt Sand CCE ocC EC pH
% dsm*
Loam 21 30 49 19.75 0.37 2.35 7.2

Table 3. Summary of Jiang and Gu (1989) sequential extraction method for determining the
chemical fractions of soil inorganic phosphorus.

Shaking Time Concentration Extractor Inorganic form of
of Extractor phosphorus

1 0.25 (pPH=7.5) (NaHCOy) Cay-P
1 0.5 (pH=4.2) (NH,0AC) Cag-P
1 0.5 (PH=8.2) (NH,4F) Al-P

2-2 0.1-0.1 (NaOH)(Na,CO5) Fe-P

16 0.3-1-0.5 (NaHCO3)(Na,S,0,)(NasCit) OoC-p

1 0.25 H,S0y) Cay-P

Table 4. Preliminary results of the chemical fractionation of soil inorganic phosphorus, available

phosphorus and total phosphorus.
Olsen-P Ca,-P Cag-P Al-P Fe-P OocC-P Cay-P Total-P
mg kg™
10.7 9.6 314 39 28 26 283 1027
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Table 5. Analysis of variance of the effects of the investigated treatments on the chemical fractions of soil inorganic phosphorus, available phosphorus
(Olsen), total phosphorus and pH.

Source of Variation Df Mean Square
Olsen-P Ca,-P Cag-P Al-P Fe-P OC-P Cay-P Total- P pH

Moisture 1 109.03 126.87" 806642.61" 187454 979.42" 3516.34" 2039325.73" 45136.64"™ 0.18"
Amendment 3 285.11" 277.04" 141409.55" 520.57" 282.42" 2215.26™ 200224.88™ 72769.008" 0.04"™
Time 2 18.36™ 38.51™ 89577.57™ 177.46" 323.25™ 69.95™ 8841362.82"™ 899318.17"™ 0.01™
M*A 3 31.817 49.94" 466572.07" 552.39"™ 1542.06™ 1572.88" 271107.26" 190560.42" 0.01"™
M*T 1 50.84" 71127 63369.31" 173.54" 3885.43" 5247.37" 130172.76™ 189091.15™ 0.01"™
A*T 3 30.26" 71.82" 102045.06"™ 191.98" 1589.648"  2120.18"™ 739551.51" 179898.33"  0.002™
M*A*T 3 33.05" 74.18" 41775.13™ 570.67" 249.88" 1233.92" 125304.32" 359320.59”  0.003™
Error 45 0.097 0.85 0.113 0.135 0.176 0.111 2.018 0.068 0.048

CV% _ 3.57 3.17 0.08 0.73 1.11 0.90 0.25 0.02 2.94

Qo3 0 91 il alaw 33 518 Sxe 9 318 Sxo g ol § 4

sk NS
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Table 6. Comparison of averages of treatment combinations of different levels of moisture, biochar, carbon black, and time on the chemical fractions of
soil inorganic phosphorus, available phosphorus (Olsen) and total soil phosphorus.

Triple interaction effect Olsen-P Ca,-P Cag-P Al-P Fe-P OC-P Cay-P Total -P
mg kg’

MI1AIT1 29.22° 3.42° 42.02' 55.31™ 35.47° 33.44° 697.13° 1040.25"
M1A1T2 28.43" 6.25° 29.30" 56.50" 1757 19.46' 611.55' 739.45
M1A2T1 27.29° 2.05 55.54! 81.58" 19.16° 60.5° 214.78" 1019.27¢
M1A2T2 21.68" 1.450" 26.1% 116.25° 3.43¢ 53.49" 1494.50° 2014.11°
M1A3T1 21.24° 1.455" 127.55° 35.69° 24.3° 25.47" 456.76' 733.02¢
M1A3T2 25.30° 1.01' 222.55° 18.45° 351 12.56' 472.60 782.26'
M1AA4T1 18.30" 1.53" 96.31° 57.55% 459 20.43' 743.79° 1023.31¢
M1A4T2 19.35' 2.63° 118.3¢ 64.26' 5.67' 11.52™ 1417.44° 1821.40°
M2A1T1 16.62" 2.48% 32.52™ 102.74° 19.36° 72.49° 1580.53° 1920.30°
M2A1T2 18.54 2.22° 27.65° 84.61" 31.62° 364.83° 4.27° 616.38™
M2A2T1 20.68" 1.55" 186.61° 103.57° 4.63 33.22° 14.75° 646.43'
M2A2T2 22.38" 3.46° 117.87° 83.56¢ 7.31" 23.549 482,52 1019.06°
M2A3T1 18.41) 2.25° 77.68° 53.54" 8.96¢ 21.61" 674.59" 988.25"
M2A3T2 19.52' 2.79¢ 65.53' 97.27° 472 53.67° 244 477 616.60™
M2A4T1 25.35° 1.79% 79.50" 137.76° 216.34° 23.39¢ 734.02' 1389.47¢
M2A4T?2 26.49" 5.50° 72.66" 59.19" 34.99" 18.59" 1138.50° 1541.50°

Al 18 Sxe SIS (Tld Q5.0)T Ao 8 0 Fhaw 30 & gin B9 > b S WSl
T 0390 50 Olo) (o3 ¥/0 995 0398 + Y/0 5l gu (Ao 13 0 9 7 0393 (o33 0 Hlrgu Ll cdey 30 Sud B (£l Sl 50 gl i 4 T2 T1A4 A3 A2 Al M2 M1

03851+ 0595 30 Ok 9 039
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Figure 2. Effect of biochar and carbon black treatments on dicalcium phosphate (Control, 5%
Biochar, 5% Carbon black, and 2.5% Biochar + 2.5% Carbon black).
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*For all variables with the same letter, the difference between the means is not statistically significant at
the level of 5%.
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Figure 3. Effect of biochar and carbon black treatments on octacalcium phosphate (Control, 5%
Biochar, 5% Carbon black, and 2.5% Biochar + 2.5% Carbon black).
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*For all variables with the same letter, the difference between the means is not statistically significant at
the level of 5%.
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Figure 4. Effect of biochar and carbon blaclz-fféétmeﬁts on aluminum phosphate (Control, 5%
Biochar, 5% Carbon black, and 2.5% Biochar + 2.5% Carbon black).
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*For all variables with the same letter, the difference between the means is not statistically significant at
the level of 5%.
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Figure 5. Effect of biochar and carbon black treatments on iron phosphate (Control, 5% Biochar,
5% Carbon black, and 2.5% Biochar + 2.5% Carbon black).
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*For all variables with the same letter, the difference between the means is not statistically significant at
the level of 5%.
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Figure 6. Effect of biochar and carbon black treatments on occluded phosphate (Control, 5%
Biochar, 5% Carbon black, and 2.5% Biochar + 2.5% Carbon black).
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*For all variables with the same letter, the difference between the means is not statistically significant at
the level of 5%.
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Figure 7. Effect of biochar and carbon black treatments on apatite (Control, 5% Biochar, 5%
Carbon black, and 2.5% Biochar + 2.5% Carbon black).
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*For all variables with the same letter, the difference between the means is not statistically significant at
the level of 5%.
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Figure 8. Effect of biochar and carbon black treatments on available phosphorus (Olsen)
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Figure 9. Effect of biochar and carbon black treatments on total phosphorus (Control, 5%
Biochar, 5% Carbon black, and 2.5% Biochar + 2.5% Carbon black).
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