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Phosphate rock-enriched compost with rhizosphere soil increases sorghum yield 
equivalently to chemical fertilizers 

The limited availability of phosphorus in sub-Saharan African soils is a significant 
constraint to agricultural production. Cereal production in the area is only 1.59 tons per 
hectare, while the world average is 4.15 tons per hectare (World Bank, 2021). In view of 
the demographic trend showing high population growth in sub-Saharan Africa, 
increasing crop production by improving soil nutrient availability is of high priority. 
Unfortunately, the recent surge in the prices of chemical fertilizers complicates their 
effective use by smallholder farmers. Therefore, in a previous study, we formulated a 
new compost type by co-composting crop residue with low-grade phosphate rock and 
soil collected from the sorghum root rhizosphere area (S-PrCo). The rhizosphere soil, 
influenced by complex molecular exchanges between roots and microbes via root 
exudates, is generally rich in beneficial microbes, including phosphorus solubilizers. We 
included a phosphate rock-enriched compost without rhizosphere soil (PrCo) and 
compost with only crop residues (Co). All composts were made with 100 kg of sorghum 
straw as crop residue and 460 g of urea to reduce the C/N ratio from 55/1 to 25/1 and 
ease the decomposition. We added 10 kg of phosphate rock and 10 kg of rhizosphere 
soil where necessary. Each compost pile was arranged in five successive layers, the 
moisture content was adjusted to 65%, and the composting lasted 180 days (Fig. 1). The 
available phosphorus and phosphate-solubilizing microbes increased in S-PrCo.  

The present study evaluated S-PrCo, PrCo, and Co on sorghum growth and soil 
properties compared to the chemical fertilizer NPK (nitrogen-phosphorus-potassium). 
The results showed that S-PrCo significantly increased sorghum dry matter (grain, 
stem/leaf/ear) compared to PrCo and Co and gave a yield equivalent to the chemical 
fertilizer (Fig. 2). S-PrCo also improved soil biological properties by increasing the 
population of arbuscular mycorrhizal fungi involved in the uptake and transfer of 
phosphorus to the roots. It also enhanced the abundance of P-cycling microbes, such as 
phosphate-solubilizing bacteria with the glucose dehydrogenase (gcd), acid 
phosphatase (aphA), phosphonatase (phnX), and phosphate specific transporter (pstS) 
genes as shown in Figure 3. The study clarified that the significant yield-increasing effect 
of the new compost type (S-PrCo) is not only due to the increase of available 
phosphorus in the compost prior to application but also due to the improvement of soil 
biological activity with the promotion of phosphorus solubilization and absorption 
during the cultivation period. S-PrCo also improves soil chemistry by correcting the soil 
pH. This research indicates that co-composting crop residues with low-grade phosphate 
rock and rhizosphere soil is expected to provide farmers in sub-Saharan Africa with a 
new fertilizer option against rising chemical fertilizer prices and soil degradation.   
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Fig. 1. Conceptual 
diagram of the 
utilization of phosphate 
rock-soil-enriched 
compost 
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Fig. 2. Fertilization effect of phosphate 
rock soil-enriched compost  
*Co: residue compost, PrCo: phosphate 
rock-enriched compost, S-PrCo: phosphate 
rock-soil-enriched compost, NPK: commercial 
NPK fertilizer 
*Different alphabet capital letters between 
treatments show significant differences in total 
dry matter yield (grain plus sum of 
stem-leaf-ear). Different alphabet lower case 
letters show significant differences in grain yield 

Fig. 3. Amount of effective microbes in rhizosphere soil during sorghum growth 
*Co: residue compost, PrCo: phosphate rock-enriched compost, S-PrCo: phosphate 
rock-soil-enriched compost, NPK: commercial NPK fertilizer 
*Shown as a relative value (%) with the case of applying imported chemical fertilizer NPK (gray in 
the figure) as 100% 
*Arbuscular mycorrhizal fungi (AMF), glucose dehydrogenase (gcd), and phosphate-specific 
transporter-producing microbes (pstS) show the values at 52 days after seeding, which is the early 
stage of growth 
* For other items, average values for 52 days, 93 days, and 115 days after seeding are shown. 
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