Influence of fertilizers made from natural phosphates of Tahoua on millet yield

Abstract
Recently, the interest in the potential of millets has been increased to contribute to sustainable and  inclusive agricultural  development, particularly in regions facing adverse impact of climate change and food insecurity. The productivity of millet-cereal cropping systems is threatened by soil degradation, which necessitates the application of nutrients that promote plant growth and development. The objective of this study is to evaluate the performance of different fertilizers—simple superphosphate (SSP), improved simple superphosphate (SSPA), and improved diammonium phosphate (DAPA)—made from Tahoua natural phosphate (PNT), as well as Tahoua natural phosphate powder, on millet yield. To determine the physicochemical parameters of the cultivated soil, it was noted that the soils studied have a silty-sandy texture and low levels of organic matter, total phosphorus, water-soluble phosphorus, and cation exchange capacity. After applying fertilizers to millet crops, the following grain and biomass yields were obtained: for grain, 520 kg/ha (PNT), 1355 kg/ha (DAPA), 1029 kg/ha (SSP), and 1589 kg/ha (SSPA) ; and for biomass, 2607 kg/ha (PNT), 6507 kg/ha (DAPA), 5989 kg/ha (SSP), and 7018 kg/ha (SSPA). However, the application of phosphorus-rich fertilizers showed a significant increase in millet yields. We observed that the yield was even higher with the application of the improved superphosphate fertilizer. This allows for better growth, more vigorous plants, and higher yields. It was observed that the highest yields were obtained with the application of improved superphosphate, while yields were lower with the application of natural phosphate from Tahoua. Therefore, improving the productivity of arable land for sustained and sustainable agricultural production is a major challenge in Niger.
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I. Introduction
Millets are considered to be the most significant crop of cereal grains worldwide, behind wheat, rice, maize and barley. Millets are described as “miracle crops” because of their numerous advantages, including their use as food and food products with added value, forage, contribution to agro-diversity, low nutrient requirements, greater C sequestration (C4 plants), ability to prevent erosion in arid regions  and confirmation of adequate supply of food and nutrition for smallholders who live in harsh environmental condition (Bado et al., 2025 ; Singh et al.,, 2025). Agriculture in sub-Saharan African countries is characterized by low productivity, according to the FAO report (1984). These low crop yields in Niger are often attributed to unfavourable rainfall patterns, naturally nutrient-poor soils, and limited fertilizer use (Amos Minigou et al., 2020). Fertilizer use in Niger is very low, estimated at around 1 to 3 kg/ha, well below the West African average, due to a lack of financial resources and availability. To address this, it is necessary to develop low-cost technologies that can improve soil fertility and crop yields (Issa Z. et al., 2024). Millet is recognized as a climate-smart crop due to its adaptability to a variety of climatic conditions, making it crucial for sustainable agricultural practices, particularly in areas with water scarcity and climate variability challenges. Millet is resistant to pests and diseases, has a short growing season, and demonstrates higher productivity than major cereal crops under drought conditions. Its ability to thrive in harsh environments significantly contributes to food security by providing a reliable crop choice (Warisa et al., 2025).  The production of phosphate-based fertilizers can address soil nutrient deficiencies and thus increase yields. Phosphorus is an essential and irreplaceable nutrient for plants and is the eleventh constituent of the Earth's crust (Yvelyne M. et al., 2008). Phosphorus, almost entirely derived from the weathering of calcium phosphates in Earth's surface rocks, is a constituent of tissues where it plays a crucial role in energy storage and transfer (Aurélien et al., 2016). Its limited availability as a soil nutrient is one of the main causes of low agricultural yields in sub-Saharan Africa (SOMA Dohan Mariam, 2010). It is one of the most limiting factors for agricultural production. The concentration of phosphate ions in soil solutions is low and does not allow for adequate phosphate nutrition of crops (Compaoré et al., 2001). An agricultural practice is considered unsustainable whenever phosphorus bioavailability limits the yields essential for meeting food needs (Bationo, A. et al.,2006). Faced with this situation, the use of organic amendments remains one of the effective solutions to improve soil fertility, increase crop yields and overall agricultural production in a sustainable way; it is necessary not only to increase the phosphorus content of the soils but also to improve their bioavailability in the soils.
II. Materials and Methods
Study Area
The work was carried out next to the garden of the Faculty of Agronomy at Abdou Moumouni University of Niamey, located between latitude 13°29’57’’6 North and longitude 2°05’24’’2 East. The map is shown in Figure 1.
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Figure 1: Location of the study site (Mousbahou M, 2023)
The trial site is located within the Faculty of Agronomy at Abdou Moumouni University, in Commune 5 of Niamey. The site is characterized by sandy soil, on which woody vegetative growth and herbaceous vegetation have developed.
Soil Samples and Analyses
Soil samples collected for these studies were taken from a depth of 0-30 cm. They were collected at the beginning of the season, before planting the experiments, and at harvest time. Samples were taken at three different points along the diagonal. Soil analyses were carried out at the ABU (Ahmadou Bello University) Central Multi-User Scientific Research Laboratory in Zaria, Nigeria, and focused on physicochemical parameters.
Protocol
Trials of previously prepared products, such as simple superphosphate, improved simple superphosphate, improved diammonium phosphate, and Tahoua merchant phosphate, were conducted during the rainy season on 21 m² plots. To ensure good reproducibility of the results, we performed three replicates (one 2 g spoonful per planting hole) of fertilizer application (SSP, SSPA, DAPA) and PMT in millet cultivation to evaluate yield components (grain and dry straw weight).
Preparation of Fertilizer Samples (SSP, SSPA, DAPA, and PMT)
After processing the phosphate rock sample, we treated the ground rock with acid solutions. Fifty grams of Tahoua phosphate were carefully weighed using a Précisa 205 A precision balance. Commercially available sulfuric acid (H₂SO₄) was diluted. Varying masses of diluted H₂SO₄ were then mixed with varying amounts of H₃PO₄. The resulting solutions were added to the phosphate powder, and the mixtures were stirred using a glass stirrer (Table 1). The samples were handled carefully and placed in an oven set at 80°C for one hour.
Table 1: Prepared Fertilizers
	Samples
	 Compositions

	SSP
	54g PM g
	16mL H2SO4
	 

	SSP
	54g PM g
	16mL H2SO4
	6 mL H2O

	SSPA
	54g PM g
	10 mL H2SO4 
	6 mL H3PO4

	DAPA
	90g PM g    
	10g DAPS
	

	PMT
	54g PM µm
	  
	 



The work was carried out in two phases. The first phase consisted of developing the various phosphate fertilizers, while the second was dedicated to applying the resulting products to the crops. Before testing, we conducted a soil analysis of the cultivated site to determine its physicochemical parameters, allowing us to compare the soil's existing nutrient content with the added nutrients.
Preparation of Phosphate Improved by Synthetic DAP
We synthesized diammonium phosphate using analytical-grade reagents by partially neutralizing dilute phosphoric acid with a dilute ammonia solution. The neutralization of phosphoric acid by gaseous ammonia is an exothermic reaction. We carried out the experiment by stirring the mixture until it reached a pH value close to 8 at room temperature. The resulting products were then dried in an oven at 60°C and stored in a desiccator. Next, samples of commercial phosphate from Tahoua were mixed with the product obtained in varying quantities to determine the dissolved P2O5 concentration using spectrophotometry.
Parameter Determination
We evaluated the yield components (grain and dry straw weight). Harvesting is carried out by completely cutting the millet plants. After a few days of drying, the ears are cut and then hulled (Ousmane M S, 2018). Grain yields are then assessed. The agronomic effectiveness of these treatments was determined using the formula below.
  
III. Results and Discussion
III.1. Influence of Fertilizers Made from Natural Products on Millet Yield
III.1.1. Soil Characterization at the Study Site
After collecting a soil sample at the experimental site before planting, the soil sample was analyzed to determine its physicochemical parameters. The various findings from the sample analysis allowed us to compile the following table 2.
Table 2: Physicochemical Properties of Soils (0-30 cm Depth)
	Physical Characteristics
	Chemical Characteristics

	Depth
	Clays %
	Silts %
	Sands %
	pH
	Organic matter
	Phosphorus mg/kg
	Exchangeable bases méq/100g 
	CEC

	
	
	
	
	
	C
	N
	Psol
	Ptot
	Ca
	Mg
	K
	Na
	

	0-15cm
	2.99
	19.02
	77.99
	6.8
	0.21
	0.02
	5.91
	18.05
	5.98
	3.8
	0.02
	0.03
	11

	15-30cm
	4.09
	24.89
	71.02
	7.3
	0.24
	0.02
	6.69
	20.89
	6.69
	3.8
	0.02
	0.03
	12.22


These results show that the analyzed soil has a texture dominated by sands followed by silts, giving a silty-sandy texture. Furthermore, chemically, parameters such as organic matter and phosphorus are very low, and its pH is almost neutral. The cation exchange capacity is low, and the exchangeable bases are surpassed by calcium and magnesium. In this sense, this soil degradation could be due to the depletion of nutrients in the soil. This progressive depletion of soil nutrients and the acidity generally associated with it cannot be permanently corrected by the application of water-soluble phosphate fertilizers (Kasongo, R. et al., 2012) in order to enhance and/or increase agricultural productivity.
III.1.2. Effect of Treatments on Millet Production
III.1.2.1. Comparative Effects of Fertilizers on Millet Production
They Figures 2 to 5 illustrate photographs of the treatments after 50 days of experimentation. Heading appeared after 37 days of using phosphate fertilizers, namely simple superphosphate (SSP), improved simple superphosphate (SSPA), and improved diammonium phosphate (DAPA), and it occurred on day 43 after the application of natural phosphate from Tahoua. The height of the millet at maturity in the phosphate fertilizer treatments was greater than in the treatment with commercial phosphate from Tahoua. This could be related to the effect of the added phosphate fertilizers. These fertilizer inputs should be noticeable in terms of straw and grain biomass. A significant difference in straw size was observed following the different fertilizer applications. Therefore, the observed increase in yields is due to the improvement in the soil's nutritional status resulting from the different fertilizer inputs. However, the products used did not induce any significant variation in the length and diameter of the ears compared to the average daily weight (ADW) of millet. These results obtained from the analysis of variance showed that a high degree of variability in the crops was observed; that is, the higher the amount of phosphorus, the greater the growth and development of the millet plant. This improvement resulted in good plant nutrition, hence the increase in yields. Regarding the micro-dose, its performance is thought to be linked to the concentration of nutrients at the root system level, improving accessibility and efficiency of use (Muehlig V, B, Buerkert A, Bationo A., 2003). This could be linked to plant growth and development. Spencer and Sivakumar (1987) showed that growth is mainly due to the increased phosphate content in fertilizers, meaning that genetic and technical improvements have had the expected effects on agricultural productivity. Indeed, previous studies have confirmed that adding phosphorus to crops directly impacts plant growth and development (SABA.  F et al., 2017). Furthermore, micro-dosing fertilizer application increases yields of dried cereal crops, such as millet. Demonstration trials of micro-dosing fertilizer application conducted by the Sahelian center ICRISAT in Niger, Mali, and Burkina Faso showed that sorghum and millet yields were 44% to 120% higher with micro-dosing compared to the previous fertilization practices recommended by research (SABA.  F et al., 2017). The micro-dosing fertilizer technique aims to improve soil yields, whether the soil is degraded or not, by meeting the phosphorus requirements of deficient soils. The results obtained from this study show greater significance than the results obtained through the practices of farmers in their crops.
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Figure 2: Photograph of treatments with natural phosphate from Tahoua after 50 days of sowing
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Figure 3: Photograph of treatments with improved diammonium phosphate (DAPA) after 50 days of seeding
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Figure 4: Photograph of treatments with simple superphosphate (SSP) after 50 days of seed
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Figure 5: Photograph of treatments with improved simple superphosphate (SSPA) after 50 days of seeding
After 92 days of millet sowing, the harvest took place. The average grain and dry straw yields for each treatment are shown in the table 3.
[bookmark: _GoBack]Table 3: Millet Grain and Biomass Production
	Treatments
	Grain yields kg/ha
	Biomass yield kg/ha

	PNT
	520
	2607

	DAPA
	1355
	6507

	SSP
	1029
	5989

	SSPA
	1589
	7018


The doses of phosphate fertilizers applied directly to millet production had significant effects on total biomass and grain yields. The results are shown in Figure 6.


Figure 6: Grain and Biomass Yields of Different Treatments
This figure illustrates the different phosphate fertilizer treatments on cultivated plants. These results, obtained after harvest, show grain and biomass yields for PNT (520 kg/ha and 2607 kg/ha), DAPA (1355 kg/ha and 6507 kg/ha), SSP (1029 kg/ha and 5989 kg/ha), and SSPA (1589 kg/ha and 7018 kg/ha), respectively. We observed that the superphosphate fertilizer resulted in the highest yield. This higher nutrient content therefore promoted better leaf and root growth in the millet under the treatments. The grain and biomass yields of millet could be linked to the efficiency of the nutrients used. In other words, these results could be explained by the high phosphorus content of these fertilizers. In this study, the number of millet grains obtained with SSPA fertilizer (1589 kg/ha) is similar to that obtained by Ousmane, MS, (2018) for millet plants grown with different doses of compost. It is important to note that millet is the most widely cultivated crop in West Africa, which is why we focused our study on millet. Millet is cultivated primarily for grain production in Niger, which is by far its most significant use.
Conclusion
During this study, we conducted a physicochemical analysis of cultivated soil. The results showed that the soil structure was silty-sandy, with low levels of nitrogen, carbon, total phosphorus, water-soluble phosphorus, and cation exchange capacity. The addition of phosphate fertilizers PNT, DAPA, SSP, and SSPA promoted improved leaf, root, and grain growth. At the end of the study, it was observed that the highest yields were obtained with the application of improved superphosphate, while yields were lower with the application of natural phosphate from Tahoua. Therefore, improving the productivity of arable land for sustained and sustainable agricultural production is a major challenge in Niger.
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