


Location of innovative cultivation practices for the optimization of soil fertility, agricultural yields, soil micro-organisms in the western region of Niger



Abstract
The environmental situation in Niger is critical, marked by droughts, floods, and irregular rainfall that reduce agricultural production and worsen food insecurity. These challenges are exacerbated by climate change, desertification, and inappropriate farming practices. Farmers, constrained by poverty, use little chemical fertilizer, whose high cost and harmful effects on soil sustainability make its adoption difficult. A promising solution is mycorrhization, which establishes a symbiosis between fungi and plant roots, facilitating the absorption of nutrients and water while enhancing plants' resistance to stress and diseases. This method reduces the use of chemical fertilizers and promotes sustainable agriculture. Three studies have been conducted to explore this approach: In Sadoré: Vegetables such as as sesbania, cowpea, and lablab bean were identified as good precursors for millet cultivation, improving mycorrhization and soil fertility. In the W National Park region: Techniques such as manure application, livestock grazing, and mulching were tested. Mulching proved especially effective in promoting the proliferation of fungal mycorrhizal spores (AMF) and root colonization, thereby increasing millet yields. In Saguia: The use of organic fertilizers, particularly poultry manure, achieved high tomato yields (38 t/ha) while improving soil stability through an increase in gl, levels.
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INTRODUCTION
[bookmark: _Hlk212052022]The current major social and political concern in Niger is to put the emphasis on improving agricultural productivity, in order to ensure: a quality and quantity of food and the preservation of our ecosystems. Indeed, human activities have had adverse effects on soil productivity and biodiversity. It is more precisely the work of the soil and the supply of chemical fertilizers Areas that were known as the attic of Niger for example: Tanout, Filingué can no longer manage to be self-sufficient. It is relevant to investigate the source of these problems in order to safeguard our environment. In Niger, few studies have looked at the influence that crop practices put in place by producers can have on the development of soil microbial biodiversity, agricultural yield, soil fertility and mycorrhizogenic parameters. Arbuscular mycorrhizal fungi (MAC) are essential symbiotes of most terrestrial plants, forming a beneficial association with roots. They improve nutrient and water uptake through their hyphae, which extend into the soil and play an interesting ecological role in improving soil fertility, promoting biodiversity, and contributing to plant resilience to stress and disease (Fortin et al., 2008). This symbiosis is fundamental to plant growth, especially in poor soils, and has been historically important for the colonization of land by plants. Mycorrhization plays a crucial role in ecosystem health and agriculture, including:
· nutrient uptake: through the extension of their hyphae network in the soil to capture nutrients such as phosphorus, nitrogen and water, which they provide to the host plant;
· internal root structure: they form branched structures called "arbuscules" within root cells, which serve as a nutrient exchange site;
· Soil Improvement: AMCs produce Glinine, a protein that assists in soil aggregation, improving soil structure, water and nutrient retention capacity;
· Resilience and protection: They increase plant tolerance to drought, salinity and pathogens. They can also improve plant resistance to disease by strengthening their cell walls;
· Communication networks: AMCs form underground networks that connect several plants, allowing the transfer of nutrients and water between them. They can also transmit defense signals to neighbouring plants in the event of pest attacks;
· plant growth They are vital for plant growth, especially in nutrient-poor soils;
· Biodiversity: They contribute to biodiversity by allowing more plants to grow in harsh environments;
· Sustainable agriculture: The use of MAC in agriculture can reduce the need for chemical fertilizers, improve crop yields and increase crop resistance to environmental stresses.
Hence the objective of our work: Analysis of the effect of our soil fertility management practices on their productivity, their fertility supported by microorganisms including arbuscular fungi and bacteria PGPR, their structure and the sustainability of agricultural systems.
The cultivation practices used are: the contribution of organic manure, residues of crop precedents, mulching, plating in order to improve the mycorrhizogenic potential, a key indicator of soil fertility and bacteria PGPR.
The aim of this analysis is to be able to highlight best farming practices boosting optimal yield, better soil fertility and sustainability of agricultural systems in the Nigerian context. The latter is often characterized by ferruginous soils that are sablo-silt and clay-sandy and are poor in organic matter and nutrients, making them susceptible to erosion. The aim is to develop and disseminate best practices to promote economic success and sustainable development.


2. Methodology:
2.1 Experimental devices
Experimental devices have been installed in both rain-fed and irrigated crops. The cultivation practices used are diverse, including:
-In Sadoré, the most effective species of legume was sought as a crop precedent and the impact of the return of residues of crop precedents on the yield of millet was evaluated, the effects of the seedling density of legumes used as crop precedents and the restoration of their dry biomass on mycorrhization and millet yield. the species of legumes that have been used in this work are: bean, dolic and sesbania. The experimental scheme was in complete random blocks with 3 factors which are the species with 5 levels including 4 species grown for grains and fodder (niebe, voandzou, dolic and millet) and 1 wild species (sesbania); the density is 2 levels, including traditional density and improved density (see Table 1). Phosphorus treatment with 3 levels, including no supply of PNT, supply of 60 kgha-1 of PNT and 120 kgha-1 of PNT. Crop yield components, root morphological parameters, and plant root mycorrhization parameters, and soil fungal diversity were evaluated based on restored culture residue doses, natural phosphate doses, and urea.
- At Park W the experiment was conducted in 9 fields of the three selected villages, i.e. three fields per village. The study was repeated for three years from 2015 to 2017. The experimental device consists of 16 m2 plots arranged in blocks dispersed at the rate of one block per field. The farming practices used were amendments of parcelling, mulching, the addition of organic manure and the witness, applied by the peasants. The application concerned only the first year of the study (2015). The plant material used is millet (Pennisetum glaucum (L.), a local variety and the main crop produced by peasants in Park W. To carry out the various observations and measurements during these trials, three (3) poets were randomly selected from each plot. The selected poles were then materialized using small pickets. The measurements and samples taken at the level of these poquets concerned the number of talles and the number of spurs per poquet, as well as soil and root samples.
-In Saguia, the experimental device consisted of 48 plots in pure tomato culture and 20 plots in associated culture including the control treatment with 4 repetitions, treated with three types of organic manure, namely cow dung, goat crottes and poultry offspring at three levels of fertilization doses (100%, 125%, 150%) during a three-month campaign. All of these trials were repeated annually for three years. Monitoring of agronomic parameters and sampling of soil and root samples from the tomato growing rhizosphere was carried out.
2.2 Laboratory Analysis
2.2.1 Soil Sampling
Samples were taken using the manual auger with a time horizon of (0-20 cm) from both monoculture and combination tomato plots and millet plots. Two composite samples were formed for each treatment through the sampling method on the four sides and at the centre of the plot. Each sample weighs 500 g of soil and has been carefully labelled, placed in zip plastic bags and dried at an ambient temperature (25 to 30 ° C) before and after planting. These composite samples were prepared and conditioned to ensure the preservation of their quality and were sent to the soil science laboratory for analysis of physico-chemical parameters.
2.2.2 Methods of analysis of physico-chemical properties of soil
The soil samples taken were treated to obtain the fine particles using a 2 mm mesh sieve. These prepared samples were then subjected to the following physico-chemical parameter analyses:
- Total carbon (C) and nitrogen (N): Measured on ground ground using an elementary analyzer LECO Analysis.
- pHeau: Measured in suspensions 1 : 2.5 (soil: water) with a crison electrode.
- Particle size: Determined by the Robinson pipette method after destruction of organic matter with carbonates and dispersion with sodium hexametaphosphate.
- Electrical conductivity (CE): Measured with a Hannah conductivity meter on aqueous extracts in ratio 1:2 (Pansu and Gautheryou, 2006).
- Assimilable phosphorus: Extract with NaHCO3 0,5M according to the method of Olsen and Sommers (1982).
- Exchangeable cations (Ca, Mg, K, Na): Extracts with ammonium acetate 1 N at pH 7; concentrations measured by atomic absorption spectrophotometry for Ca and Mg and by emission spectrometry for K and Na (Varian).
- Cationic exchange capacity (CEC): Determined after leaching the excess ammonium with KCl, followed by the determination of NH4 by distillation (Pansu and Gautheyrou, 2006).
- Total heavy metals (Pb, Cu, Zn, Ni, Cr): Assays after acid digestion (HF + HNO3) of microwave ground soils then analysed using a flame Atomic Absorption Spectrometer (SAA).
- Extractable Glinine: The extraction of glinine was carried out as described by Bradford (1976). Solutions containing 1 g of soil and 8 ml of sodium citrate (pH = 7 for easy-to-extract gl,), (pH = 8 for hard-to-extract gl,) were sterilized using an autoclave at 121 ° C. for 20 minutes. The cooled extracts were centrifuged for 30 minutes at a speed of 6000 revolutions per minute. The soil and debris sedimented at the bottom of the centrifuge tubes. The precipitate was extracted twice, and the first extract was used for the extraction of readily extractable Gl, Glinine is concentrated in the supernatant. The supernatant was recovered in tubes to assay the GPRS fraction, adding citrate, the dye (blue) and using BSA (Bovine Serum Albumin) as standard. The assay is carried out by the spectrophotometer.
- Stability of aggregates: Determined by the method of Kemper and Rosenau (1986).
2.3 Characterization of Arbuscular Mycorrhizal Fungi
[bookmark: _Toc30678844]2.3.1 Collection of Soil and Root Samples
[bookmark: _Hlk211261192]Soil and root samples from the selected poles were collected during the tallying, ascending, and firing stages. The samples concerned only the fine roots which were easier to observe under the microscope. These roots were stored in numbered boxes containing GEE (Glycerol-Ethanol-Water). The soil samples were taken at the same locations as the radicles and were placed in sterile plastic bags after drying under shelter, in the open air, and then transported to the mycology laboratory of the École Normale Supérieure of Abdou Moumouni University in Niamey.
[bookmark: _Toc30678845][bookmark: _Hlk211262721]2.3.2 Spore extraction and counting of native arbuscular mycorrhizal fungi.
Spores were extracted using the Walker method (1982). A quantity of 100 g of soil was poured into a seal filled with water at the ¾. Having been agitated during 10-15 seconds, suspension passed through 5 stacked sieves the respective stitches of which are of 63μm, 160μm, 250μm, 315μm, 630μm leaving of the bottom from above. The deposit in the 630 μ m mesh sieve, consisting of debris and rarely containing spores, was discarded. The refusal of the various remaining sieves was collected in petty dishes. The contents of the latter were then mixed and stirred. Each Petri dish containing the spores is placed under a binocular magnifying glass, the estimate of the number of spores in the soil is made by counting the number of live spores contained in 1 ml of supernatant and by extrapolation over the total volume (10 ml). An identification of the genus of spores by soil fertility management practice is carried out based on the criteria proposed by Schenck and Smith (1982).
[bookmark: _Toc30678846]2.3.3 Estimation of Root Infection by Arbuscular Mycorrhiza Fungi
· [bookmark: _Toc30678847]Root staining:
The root staining technique used is that described by modified Philips and Hayman (1970). The roots are washed with water and then stored for 24 hours in a 10% potassium hydroxide solution (KOH). They are then bleached by adding a few drops of H2O2 (100V) to the mixture KOH plus roots, for 5 minutes. After rinsing with distilled water, the roots are acidified with 1% HCl for a few minutes. They are rinsed again with distilled water and then stained with trypan blue (for at least 24 hours in ambient air). The roots are finally rinsed with distilled water and stored in a small amount of glycerine.
· [bookmark: _Toc30678848]Evaluation of mycorrhizal parameters:
For each sample, 30 fragments one (1) cm long of the colored roots are cut and mounted between the blade and the lamella because of 10 fragments per blade. The slides are observed under a microscope; each fragment is carefully examined over its entire length for mycorrhizal parameters. The scoring system used to assess the importance of mycorrhizal colonization is that proposed by (Trouvelot et al. 1986). It is based on the overall assessment of 10 root fragments. A class score of between 0 and 5 corresponding to the estimation of the proportion of cortex colonized by the mycorrhizal symbiote is attributed to each of the root fragments observed. The presence of arbuscules and vesicles is noted simultaneously.
Figure 1. Scoring scale for the degree of mycorrhizal of root fragments (Trouvelot et al 1986)
[bookmark: _Toc30678849][bookmark: _Toc30678850][bookmark: _Toc30678851][image: ]The parameters observed are: Frequency of mycorrhization (F%); Mycorrhizal intensity (M%); Arbuscule content (A%)
[bookmark: _Toc30678852]2.4 Characterization of microorganisms from soil fertility management practices
The technique used for the counting of soil germs comprises several steps ranging from the preparation of the suspension dilutions to the interpretation of the results. The measurement of microbial densities by the soil suspension-dilutions technique used in this study is a good indicator of the presence of soil microorganisms. This measurement is easy to carry out, economical, and gives reliable and reproducible results. (DAVET, 1996).

2.5 Data processing and analysis
[bookmark: _Hlk211263200]The data collected from the various parameters were subjected to a variance analysis (ANOVA) using the Minitab version 16 software and the means of the variables were compared using the Tukey test at the probability threshold p = 5%. The software Mycocalc, was used for the evaluation of the parameters of mycorrhization (F%, M% and A%). And the software SPSS 16 allows to analyze the data of the surveys.
The data obtained were recorded in the Microsoft Excel spreadsheet version 2013. All analyses of the physicochemical parameters of the soil, the glinine content and the stability of the aggregates were carried out using the R software (version 4.0.2). The confidence interval used to assess the degree of accuracy is 95%.
The descriptive and advanced statistical analyses were carried out for these data on the physico-chemical properties of soils, namely:
· Shapiro-Wilk test: was applied to each dependent variable for the normality law.
· Test ANOVA at one factor was used to test the differences between the means of several groups or samples.
· Kruskal-Wallis test: was applied as a non-parametric alternative to ANOVA to compare medians between several groups when the dependent variable is not normally distributed.
· Statistical correlation method (Pearson's test): was used to evaluate the strength and direction of the linear relationship between two quantitative variables. It measures the extent to which variations in one variable are associated with variations in another variable, but does not provide evidence of causality.
· Principal Component Analysis (CPA): was used to identify important variables to determine which original variables contribute more to data variance, to select the most relevant variables for further analysis or modelling.




[bookmark: _Hlk212817626]3. Results & Discussion
[bookmark: _Hlk212818625]- In Sadoré
3.1.1 Impact of cropping practices on the physico-chemical properties of soils
Intensive tillage, pesticide use and fertilization can degrade soil structure and reduce organic matter, while more sustainable practices such as reduced tillage, crop rotation and the use of plant cover can improve fertility and water and nutrient retention capacity.
Regarding the proposed approaches to a sustainable production system: input of Tahoua crop and phosphate residues and urea. The results show that cultural precedents have positively influenced the content of organic carbon (Corg), total nitrogen (Ntot) and assimilable phosphorus (PBray1).
It has been shown that the contribution of PNT alone cannot improve either the PBray1 status in the soil or the yield of millet and that the contribution of urea, even in microdosage, is essential to enhance the effect of PNT and crop residues on the mineral content of the soil and the yield of millet. It is necessary to intercalate the cycle of monoculture with a legume and, if not, a natural set-aside to reinforce microbial activity in the soil in order to ensure the production and mineralization of organic matter.
This study concludes that the exploitation of arbuscular mycorrhizal fungi (AMCs) in the soil is a system for managing the fertility of sandy soils to mitigate the adverse effects of climate change at a lower cost, and is an intelligent management of fertility because it does not generate greenhouse effects and does not pollute the environment.
[bookmark: _Hlk212823018]3.1.2 Impact of Cultural Practices on Mycorrhization
The aim of this study is to investigate the effects of legume seedling density (as in previous crops) and the restoration of their dry biomass on mycorrhization.
On the basis of the results obtained, it can be concluded that mulching is a peasant soil fertility management practice that allows good maintenance of CMA propagules. In addition, the results obtained showed that all practices (parking, manure, mulching) allowed the proliferation of soil microorganisms, but the parking and contribution of manure did not make it possible to maintain the dynamics of the microorganisms as a function of time, unlike mulching which allowed mycorrhizal development until the end of the trials.
The study determined that spore proliferation is a function of the species of pulses used as a crop precedent. In this study, rotation with pulses was shown to increase frequency, mycorrhizal intensity, and arbuscular content.
The lessons learned from this study are that the contribution of organic manure, such as animal parking and manure, would improve yields of millet crops and that the use of these same fertility management practices, at high doses, would reduce the mycorrhizal potential of the soil.
The correlation with environmental stresses (drought, soil mineral deficiency) and millet yield were investigated to assess the contribution of mycorrhization to increasing millet productivity.
3.1.3 Impact of cropping practices on crop yield and biomass
The study found that sesbania, dolique and niebé are good cultural precedents for improving millet yield. The niebe is known for its use in rotation but sesbania and dolique would be new sources for the restoration of degraded soils in the Sahel. This study would have estimated the comparative advantage (as a percentage) of these crop precedents over the yield of fallow and monoculture millet.
One of the specific objectives is to identify the best cultural precedent that allows the highest rate of mycorrhization on millet in monoculture.
The combination of several techniques, including the use of crop residues, Tahoua natural phosphate and urea as a new approach to a sustainable production system, was discussed in chapter IV.
The techniques that the author proposes to improve and sustainably maintain the fertility of the sandy soil and increase the yield of millet, even if additional studies are necessary to prove their effectiveness, are within the reach of Sahelian peasants. The applications of this study are diverse and respond well to the strategy of sustainable management of crop systems to increase agricultural production, mitigate the adverse effects of climate change and maintain a clean environment.
The study also highlights the importance of rainfall in soil fertility and the need to use drought-resistant species. Finally, future research should explore other species to expand rotation opportunities and improve agricultural practices, including raising farmers' awareness of the importance of mycorrhizal fungi for soil fertility. The importance of this work lies in its contribution to the search for the best cultural practices to solve these different problems.
3.2 W Park Area
Soil fertility management practices have a significant and direct impact on populations of arbuscular mycorrhiza (AMC) fungi, rhizobacteria that promote plant growth (PGRN), and therefore on crop yield. The cultivation practices used were among the 3: amendments of parcelling, mulching, supply of organic manure and the witness, applied by the peasants.
3.2.1 Impact of cropping practices on the physico-chemical properties of soils
3.2.2 Impact of cultural practices on mycorrhizobacteria
In the W Park area, two genera of CMA spores are Gigasporaceae spp and Glomaceae spp. have been identified in soils and the genus Glomus appears to be the most ubiquitous. The study revealed that the density of the two genera of MAC spores identified varied according to the treatments applied by the producers, with a predominance in mulching. Tallage and ascent are the two phenological stages that have a significant effect on mycorrhizal parameters.
The presence of Bacillus sp of Serratia sp and Pseudomonas sp as bacteria in this area, with a predominance of Pseudomonas sp (61%), was noted among the cultivational practices used, including plots, manure use and mulching. The study also showed that soil bacteria have a preference for parking and manure. Status of rhizospheric spore biodiversity and mycorrhizal mycorrhizal parameters as a function of phenological stages and cultural practices.
This study also revealed that bacteria such as Pseudomonas spp. prefer parking and manure, while mulching is particularly effective for the proliferation of CMA spores and root colonization.



3.2.3 Impact of cropping practices on crop yield and biomass
The results show that millet residues alone are not sufficient to maintain soil fertility. The cultivation of sesbania is recommended for its ability to permanently improve the yield of millet, followed by dolic and niebe.
In the light of the results obtained, mulching can be offered to producers in the zone of Park W of Niger which could be an alternative to the use of mineral fertilizers too expensive, not adapted to our environmental conditions and which are not within the reach of the Nigerian peasant.
Effects of organic manure and crop association on tomato crop yield, soil physico-chemical properties, gl, and mycorrhizal parameters in an experimental field in the Saguia area, Niger
This work aims to identify the ideal model for improving tomato production in a Nigerian context. The effect of the organic manure type was evaluated on agronomic parameters, on the density of mycorrhizogenic spores, on mycorrhizal parameters, on soil properties and on the density of bacteria in the tomato rhizosphere (Lycopercsicum esculentum) in the area of Saguia (Niger) in pure and associated culture.
This work aims to develop new technologies, the promotion and adoption of which will improve tomato productivity in Niger.
In the Saguia area, the effects of three different fertilizers were studied: cow dung, goat crotte, and poultry droppings at three 100%, 125%, and 150% dose levels. These doses were compared with the recommended dose or peasant practice. At different levels, monitoring of parameters, agronomics and sampling of soils and radicals in the tomato rhizosphere were carried out. The granulometry, physico-chemical properties of the soil, the presence of heavy metals, the level of gl, and the stability of aggregates were determined. These results showed that the highest yield of tomato fruit was found in the Dose 3 poultry droppings (what%?): 38t.ha-1; leaf biomass of 13 t.ha-1 and root biomass of 6 t.ha-1
The aim was to show the advantages of interactions (mycorrhiza and bacteria) according to the type of fertilization used and their contribution to agricultural production, especially market gardening.
General conclusion
[bookmark: _Hlk208592181]The Sadoré study found that some species such as voandzou and natural fallow improved the accumulation of phosphorus and nitrogen in the soil, thus promoting fertility between 2013 and 2015. Natural set-aside and bare plots allowed better total nitrogen accumulation than millet monoculture, but this accumulation decreased with cultivation. Sesbania and dolique are distinguished by their ability to increase organic carbon in soil, although the soil has decreased overall during the study period. The absence of amendments, such as organic or mineral fertilizers, has led to lower mineral levels in the soil. It is therefore essential to introduce pulses into the rotation to enrich the soil with nitrogen and improve the efficiency of other inputs. The results show that millet residues alone are not sufficient to maintain soil fertility. The cultivation of sesbania is recommended for its ability to permanently improve the yield of millet, followed by dolic and niebe. The study also highlights the importance of rainfall in soil fertility and the need to use drought-resistant species. Finally, future research should explore other species to expand rotation opportunities and improve agricultural practices, including raising farmers' awareness of the importance of mycorrhizal fungi for soil fertility.
Based on the results obtained, in the area of Park W, it can be concluded that mulching is a peasant soil fertility management practice that allows good maintenance of CMA propagules. The results obtained showed that all practices allowed the proliferation of soil microorganisms, but the plating and contribution of manure did not make it possible to maintain the dynamics of the microorganisms as a function of time, unlike mulching, which allowed mycorrhizal development until the end of the trials. The lessons learned from this study are that the contribution of organic manure, such as animal parking and manure, would improve yields of millet crops and that the use of these same fertility management practices, at high doses, would reduce the mycorrhizal potential of the soil. In the light of the results obtained, mulching can be offered to producers in the zone of Park W of Niger which could be an alternative to the use of mineral fertilizers too expensive, not adapted to our environmental conditions and which are not within the reach of the Nigerian peasant.
[bookmark: _Hlk208592308]In the Saguia area, Dose 3 poultry droppings were more effective and had the highest yield of tomato fruit of 38.23 t ha-1. The soils studied have a sablo-limono-clay texture and a basic pH favourable to tomato culture. The nutrient balance shows a good availability of mineral elements released by the organic manures applied, as well as to the organic matter content. The availability of organic matter in the applied treatment shows an improvement in the stability of aggregates and microbial activity. Investigation of soil samples showed three types of spores: Scutellospora sp, Gigaspora sp, and Glomus sp. Under the study conditions, the genus Glomus sp is more widespread than the genus Gigaspora sp and Scutellospora sp. For mycorrhizal parameters of which the mycorrhizal intensity and arbuscular level were greater with the Dose 3 fodder treatment.
Research perspectives and recommendations
· To cultivate tomatoes with other speculations, in order to improve the yield of fruit, the incomes of farmer producers and thus restore the indicators of fertility;
· Characterize arbuscular mycorrhiza fungi in soils in the study area by biochemical, bio-molecular and hormonal analyses;
· Determine the mycorrhizal potential of the soil.
· Characterize arbuscular mycorrhiza fungi in soils in the study area by biochemical, bio-molecular and hormonal analyses;
· Determine the mycorrhizal potential of the soil.
· To initiate and raise awareness among producers of the existence and importance of arbuscular mycorrhizal fungi and of good cultural practices that preserve the survival of these fungi;
· Inform producers that the rational use of endomycorrhizals is a system for managing soil fertility and mitigating the adverse effects of climate change as an intelligent management of soil fertility.
For the Sadoré area:
· It would be very beneficial to extend this study to other cultivated or wild species in the Sadore area in order to broaden the list of high mycorrhizal species and include them in the pulse/cereal rotation.
· It is essential to conduct tests to compare the effects of legumes such as sesbania, dolica and niebe at different seedling densities in a biannual millet monoculture system with the effects of micro-dose urea input to identify the best seedling density with the greatest effect on soil nitrogen content.
· Better identification of spores genera of arbuscular mycorrhizal fungi could improve the assessment of soil fungal diversity.
· An initiation and awareness of the peasants of the zone to discover the existence and importance of mycorrhizal fungi with arbuscule as well as the good cultural practices preserving the survival of the mycorrhizal, would increase the potential of exploitation of the natural biofertilisers of the soil.
· The use of soil MAC is a system for managing the fertility of sandy soils that mitigates the adverse effects of climate change at a lower cost, as an intelligent fertility management because it does not generate greenhouse effects and does not pollute the environment.



COMPETING INTERESTS DISCLAIMER:
Authors have declared that they have no known competing financial interests OR non-financial interests OR personal relationships that could have appeared to influence the work reported in this paper.

References
1. Fortin, J.A., Plenchette, C., & Piché, Y. (2008). Mycorrhizae. The new green revolution (Quebec; Versaille, France: Multimedia). 132 pp
2. Jamilou S. I., Ibrahim D. D., Remigio P. N., Saidou, A.K., Baragé M., Harouna M. A. R., Abdoul Latif Y, Hadiza A., & Nadia M. (2024), Impact of organic fumides on tomato yields (mushroom field) Recursos Rurais.2023. (19) 5-14. (https ://revistas.usc.gal/index.php/rr)
3. Jamilou S. I., Ibrahim D. D., Issoufou R., Saidou, A.K., & Baragé M., (2024) Effect of organic manure and crop association on the physico-chemical properties of soils, tomato experimental field in District V of Niamey. Int. J. Adv. Res.2023. 11 (04), 963-975. .http://dx.doi.org/10.21474/IJAR01/16748
4. Ibrahim, J.S., Saidou, A.K., Sabiou, M, Bouba, H., & Abdourahmane, A.T. (2018). Combined Effects of Organic and Mineral Fertilizers on Soil Productivity in Tomato Production: Experiments on Soils of the Coast Road of Yantala Netherlands. In: Bationo, A., Ngaradoum, D., Youl, S., Lompo, F., Fening, J. (eds) Improving the Profitability, Sustainability and Efficiency of Nutrients Through Site Specific Fertilizer Recommendations in West Africa Agro-Ecosystems. Springer, Cham. Agronomy-Ecosystem 2: 186-192
5. Harouna M.R., Jamilou I., Ibrahim D. D., (2024), Contribution of PGPR to plant Growth: A Review IJPSS-2024, 36 (10), 571-576 DOI: https://doi.org/10.9734/ijpss/2024/v36i105107
6. Harouna M.R., Jamilou I., Ibrahim D. D., (2024), Arbuscular Mycorrhizal Fungi (AMF) for soil fertility, WJARR, 2024, 24 (02), 1902-1907 DOI: https://doi.org/10.30574/wjarr.2924.24.2.3461
7. Jamilou I. S. (2025). Effects of cultivation practices on the physico-chemical and mycorrhizal properties of soils and tomato yield in an experimental field in the Saguia area, Niger. Doctoral thesis in Agro-Ecological Sciences and Microbiology. Option: Biosciences and Environment. Field: Biology. Doctoral School of Life and Earth Sciences (ED/SVT). Abdou Moumouni University, Niamey. 179p
8. Sangare G. (2017). Impact of crop precedents, the return of dry biomass and the contribution of Tahoua natural phosphate on mycorrhization and yield of millet in the Sahel. Doctoral thesis. Field: Biology. Option: Crop production. Faculty of Agronomy. Abdou Moumouni University, Niamey. 181p
9. Maidoukia A. R. H., (2020), "Influence of Soil Fertility Management Practices on Rhizobacteria, Arbuscular Mycorrhiza Fungi and Millet Yield: Case of Peripheral Largion in Niger Park w. Thesis dissertation, Abdou Moumouni University, Niamey. Pp: 138





image1.emf

