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Solubility improvement of African low-grade phosphate rock through calcination with

potassium carbonate

Although many phosphate deposits have been found in sub-Saharan Africa, farmers are
facing high prices of P fertilizers because of the low solubility of the African low-grade
phosphate rocks (PRs). We have previously reported that PR calcination with Na carbonate
improves the solubility of these PRs, but their application showed limited crop growth,
especially in upland conditions. It was speculated that Na accumulation in the soil caused
plant growth inhibition. Therefore, we tried to elucidate the effect of calcination with
potassium carbonate (K2COs) on PR solubility and its application effects for lowland rice and
maize through pot experiments.

We used Kodjari PR produced in Burkina Faso for the calcination. Fine powdered PRs
were mixed with K>COs in five doses to achieve the target KO compositions of 200, 250,
300, 350, and 400 g kg™'. The mixtures were pressed with distilled water to form coin-shaped
pellets. Then, the pelletized PR-K>CO3; mixtures were calcined at 900, 1000, 1050, and
1100 °C for 10 min using a muffle furnace. The pot experiments were conducted for 56 days,
monitoring the growth of rice and maize under several application rates.

As a result, the solubility reached about 100% in 20 g L™! citric acid and about 40% in
water. This shows that K carbonates behave like Na carbonate in the solubilization of
low-grade PRs in Burkina Faso. The calcinated Burkina PR (CB) application in the
application rates up to 1 g P>Os pot™! yielded comparable plant growth to that of triple super
phosphate (TP). K carbonate calcination deterred Na accumulation in the soil, and it was
effective for soil P fertility improvement and plant growth. The calcination technology can be
conducted by external heating U-turn rotary kiln using solar power.

(S. Nakamura, F. Nagumo, T. Kanda, T. Imai [Taiheiyo Cement Corp.],
J. Sawadogo [INERA])
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Fig. 2. Application effects of phosphate rocks calcinated with Na carbonate and
K carbonate on rice and maize
Error bars are 95% confidence intervals (n=3). CBn: Calcinated PR with Na carbonate,
CBk: Calcinated PR with K carbonate, TP: Triple super phosphate

Table 1. Soil chemical properties after several phosphate fertilizer applications

Crop/Soil oH EC Available P Exchangeable cation

water Fertilizer Brayl  Brayll Ca Mg K Na

condition mS m! mgP kg! cmolc kg!

Rice/ None 584 ¢ 108 ¢ 008 b 639 d 331 ¢ 070 bc 028 b 0.15 ¢

Submerged  BP 572 ¢ 110 ¢ 016 b 107 ¢ 318 ¢ 064 ¢ 024 b 0.16 ¢
CBk 645 a 183 a 634 a 141 a 102 a 078 b 667 a 028 a
TP 6.10 b 141 b 494 a 117 b 542 b 109 a 047 b 024 b

Maize/ None 585 a 114 b 0.09 b 6.77 ¢ 339 ¢ 069 b 03 b 014 ¢

Upland BP 570 a 123 b 0.17 b 961 b 356 ¢ 069 b 033 b 015 ¢
CBk 597 a 189 a 581 a 158 a 936 a 073 b 639 a 021 b
TP 628 a 168 a 569 a 107 b 590 b 111 a 049 b 024 a

None: No P application, BP: Burkina Faso PR, CBk: Calcinated PR with K carbonate, TP: Triple
super phosphate. Bray I, and Bray II are available P content determined by Bray I method and Bray II
method, respectively. Alphabet difference indicates significant differences (p<0.05) by Tukey HSD
method.

Fig. 3. External heating U-turn rotary Kkiln for
calcination (Burkina Faso, INERA-Kamboinse)
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