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Synergistic effects of the application of beneficial bacteria, compost, and mineral fertilizer on onion productivity in Burkina Faso
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ABSTRACT 

	Onion is one of the main vegetable crops grown in Burkina Faso, but poor soil fertility often limits its productivity. This study aims to evaluate the effect of using beneficial rhizobacteria in soil as bio-fertilizer in order to improve onion growth and yield either individually or in combination with compared to traditional amendments based on compost and mineral fertilizers. The M16 strain, identified as belongsing to the Lysinibacillus genus, was characterized for its performance as biofertilizeration properties.  The tested strain tested was positive for producing indole-3-acetic acid (IAA), hydrogen cyanide (HCN), and ammonia (NH₃); however, it was unable to fix atmospheric nitrogen. The effects of different combined treatments fertilization combinations (Inoculum, Compost , NPK) on plant growth were evaluated at 20, 45, and 60 days after transplanting under open-field conditions. At 20 days, plant height was significantly higher with sole compost alone (p<0.001), followed by than those recorded with the Inoculum+NPK and Inoculum+Compost treatments. At 45 and 60 days, the best growth was recorded with the combined treatments Inoculum+Compost+NPK and Inoculum+NPK (p=0.001 and p<0.001), respectively). These treatments also significantly affected neck diameter and bulb yield (p<0.001) and performed markedly better than performance compared to single-input treatments. Treatments combining the inoculum with compost and/or NPK significantly (p< 0.001) improved vegetative growth and bulb yield, unlike the isolated individuals applications (inoculum alone, compost alone, NPK alone, or control). These findings confirm that the growth-promoting effects of bacterial inoculum are were more vigorous enhanced when combined with organic and/or mineral nutrients are available. Furthermore, this study is the first to demonstrate the involvement of Lysinibacillus sp. in promoting onion growth in Burkina Faso.	Comment by Admin: Is this fact or up to your recent knowledge? Please, confirm



Keywords: Biofertilizer, Growth parameters, Fertilization management, Onion yield, compost, productivity, inoculum, mineral fertilizer	Comment by Admin: Selected keywords should be differ than those mentioned in the Title



1. INTRODUCTION 

[bookmark: ZOTERO_BREF_Z7h3OgBkXwsv][bookmark: ZOTERO_BREF_v81e5H4Uytet]Onion (Allium cepa L.) is one of the most important vegetable crops worldwide in terms of both cultivated area and production volume [1]. Each year, over 9 million hectares are dedicated to onion cultivation globally, with an estimated annual production of approximately 742.5 million tons [2]. In Burkina Faso, onions are grown in all regions, with acreage and production varying from one region to another. This production benefits those directly or indirectly involved in onion cultivation in urban, peri-urban, and rural areas [3]. However, onion cultivation faces biotic and abiotic constraints that limit production yields, such as water scarcity (Sangare et al. 2012), insect infestations (Kintega et al. 2020), and low soil fertility [4]. As an example, onions are a highly demanding crop in terms of soil fertility. Therefore, fertilization should be carried out according to its specific nutrient requirements at each stage of growth [5].	Comment by Admin: Please specify the method of citing references according to the journal’s instructions.
Due to their shallow, weakly branched root systems, onions require substantial and readily available amounts of nitrogen (N), phosphorus (P), and potassium (K) to achieve optimal bulb yield. However, improper fertilizer management can lead to significant nutrient residues remaining in the soil after harvest [6] .
In the current context of limited availability of organic manure, onion field fertilization systems in Burkina Faso are characterized by a heavy reliance on mineral fertilizers[4]. Indeed, farmers face the high cost of mineral fertilizers and often apply non-recommended doses, which can have negative environmental consequences, such as increased soil acidity [7]. Moreover, excessive application of chemical fertilizers and low use of organic manure causes nutrient accumulation in the soil, which may result in increased susceptibility of onion roots to water saturation due to anaerobiosis and toxicity [8]. The following section briefly reviews adequate plant nutrition strategies for optimizing onion bulb production of the onion bulb crop are briefly reviewed.
[bookmark: ZOTERO_BREF_8ZwVYIKEAdS1][bookmark: ZOTERO_BREF_nLuS5WNfuIlD][bookmark: ZOTERO_BREF_2l2P2UCsqKwE]Several studies have shown that the plant inoculation by beneficial bacteria, particularly Plant Growth-Promoting Rhizobacteria (PGPR), can enhance onion yield. These bacteria support vegetative growth by producing phytohormones, facilitating the uptake of essential nutrients through mechanisms such as phosphate and potassium solubilization, and nitrogen fixation [9]. Various bacterial genera, including Azotobacter sp [10], Acinetobacter sp [11], Pantoea agglomerans, Rhizobium spp, Enterobacter cloacae, Bacillus subtilis [12], and Pseudomonas fluorescens [13, 14], have been reported to improve onion productivity. 
Using beneficial microorganisms to manage soil fertility is an increasingly popular strategy for improving crop productivity.  Therefor,the current study aims to develop an integrated management approach that combines beneficial microbial inoculants and conventional fertilization practices, such as compost and NPK fertilizers. For this purpose, a fertilization trial was conducted in a field to evaluate the individual and combined effects of compost, chemical fertilizers (NPK + urea), and a bacterial inoculum on the for improving vegetative growth and yield of onion plants. This strategy could help reduce the required amounts of chemical and organic fertilizers while enhancing onion productivity in Burkina Faso. 

2. material and methods 

2.1. Study site
The experimental trial was conducted from July to October 2024, during the rainy season, in Sabou. Sabou is a rural commune located at approximately 13.35400° N, 5.81905° W, situated within the Sudanian–savanna zone in central-western Burkina Faso, with an average annual rainfall ranging between 800 and 1,000 mm.
2.2. Experimental Design
The experiment was conducted in fields using a randomized complete block design with three replications, according to Fisher's layout. Soil preparation involved plowing followed by the delineation of experimental plots. The complete experimental setup consisted of two blocks, each of which included four fertilization treatments and one unfertilized control. Each elementary plot, considered as a replicate, measured 4 meters in length and 1 meter in width, covering an area of 4 m². Each fertilization system was applied to three elementary plots. Each elementary plot consisted of three ridges ( Figure1). The different elementary plots were spaced 0.2 m apart and were marked before transplanting using labeled stakes indicating the names of the applied fertilizers.	Comment by Admin: Soil analysis and main chemical andphysical charactristics should be included

           --------------- Uninoculated Block --------------       ----------------- Inoculated Block -----------	Comment by Admin: Should be inserted in the diagrame
[image: ]Figure 1: Experimental set-up for the onion agronomic trial.
2.3.  Experimental Trials
[bookmark: ZOTERO_BREF_FU5ae393szAx]The onion variety used, Prema 178, which is well adapted to tropical environments and wet-season cultivation [15], was initially sown in a nursery. Land preparation involved site clearing, cleaning, and plowing, followed by the formation of ridges. Transplanting of onion seedlings was carried out 45 days after sowing according to the experimental design. On each ridge, seedlings were spaced 10 cm apart. Fertilization was applied in three equal split doses, each administered 15 days apart following transplanting according to the Figure 1 description. Before each fertilization, manual weeding was performed to ensure proper plot maintenance.
During the experiment, the mineral fertilizer used was NPK (14-23-14), applied at two different rates: 350 kg. ha-1and 900 kg.ha-1, depending on the treatment [4]. The experimental design consisted of two blocks.
In both Block 1 and Block 2, Plot F0 served as the unfertilized negative control.
Block 1 (fertilization without bacterial inoculum) was organized as follows:
· Plot F0: Unfertilized negative control
· Plot F1: Compost only, applied at a rate of 20 t.ha-1
· Plot F2: NPK fertilizer (14-23-14) applied at 900 kg. ha-1
· Plot F3: Combined application of NPK (350 kg.ha-1) and compost (15 t.ha-1)
Block 2 replicated the fertilization treatments of Block 1, with the addition of bacterial inoculation:
· Plot F4: Bacterial inoculum only
· Plot F5: Inoculum combined with compost at 20 t.ha-1
· Plot F6: Inoculum combined with NPK (900 kg.ha-1)
· Plot F7: Inoculum combined with NPK (350 kg.ha-1) and compost (15 t.ha-1)
2.4. Strain Characterization 
The M16 strain, used in this study, was obtained from the microbial strain collection of the Laboratory of Microbiology and Microbial Biotechnology at Joseph Ki-Zerbo University. Based on the 16S rRNA gene sequence registered in the NCBI database under accession number OP168193, this strain, isolated from the rhizospheric soil of rice plants, was identified as belonging to the Lysinibacillus sp genus. 
The plant growth-promoting properties of the bacterial strain were assessed through various tests, including atmospheric nitrogen fixation, hydrogen cyanide (HCN) production, Indole-3-Acetic Acid (IAA) production, and ammonia (NH₃) production.
[bookmark: ZOTERO_BREF_jr4iyzb3dDzr][bookmark: ZOTERO_BREF_YXc34HR0krYq][bookmark: ZOTERO_BREF_uoQkkdCjrerv]The nitrogen fixation ability was assessed using the method of Giroux [16], with Nitrogen Free Medium (NFM). The HCN production was evaluated using the method described by Lorck  [17], with nutrient agar (Liofichem srl, Italy) supplemented with glycine (4.4 g.L-1). The IAA production was assessed according to the method of Giroux [16], with tryptophan broth as the culture medium and Salkowski’s reagent as the indicator. Finally, ammonia production was tested using the method described by Nurfitriani et al.[18], with peptone water as the culture medium and Nessler’s reagent as the detector.
2.5. Inoculum Preparation and Application
The bacterial inoculum was prepared by inoculating two 1-liter flasks of culture broth (reference to be specified). The inoculated flasks were incubated at 35 °C with shaking at 120 rpm for 24 hours. After incubation, onion seedlings were inoculated in two steps, on the day of transplanting and again twenty days later. On the day of transplanting, the root zone of the seedlings was immersed in the bacterial inoculum. Twenty days after transplanting, a booster application was carried out by adding 0.5 ml of inoculum to the base of each onion plant.
2.6.  Data collection
During the experiment, plant height was measured at 20, 45, and 60 days after transplanting to assess the effect of the different treatments on the vegetative growth dynamics of onion plants. Additionally, at harvest, Neck diameter was measured at the narrowest part, 5 mm above the top of each bulb, using a Vernier caliper. Total yield was determined by weighing the entire onion plants (root, bulb, leaf) using an electronic weighing scale and expressed in kg.ha-1.
2.7.  Data analysis
The collected data were compiled into an Excel spreadsheet. All recorded variables were statistically analyzed using a one-way analysis of variance (ANOVA). The Fisher test was used for pairwise comparisons of onion plant height at 20, 45, and 60 days after transplanting (DAT). Tukey’s Honest Significant Difference (HSD) test was used for pairwise comparisons of neck diameter and agronomic yield. In every plot, all data was collected in quintupled. Statistical analyses were conducted using R software version 4.3.0, with a significance level set at p < 0.05 to determine significant differences between treatments.

3. results and discussion
3.1. Evaluation of the bacterial isolate plant growth characteristics
[bookmark: ZOTERO_BREF_2PZOBBYqo7uA]The results showed that the bacterial isolate used in the experimental trial possesses plant growth-promoting properties. The Lysinibacillus sp. strain tested was positive for producing  indole-3-acetic acid (IAA⁺), hydrogen cyanide (HCN⁺), and ammonia (NH₃⁺⁺). These findings are consistent with previous studies that reported members of the Lysinibacillus genus harbor genes associated with promoting plant growth and exhibiting traits that enhance plant development [19, 20].
[bookmark: ZOTERO_BREF_QKk6Phhpv4VP]The plant hormone indole-3-acetic acid (IAA) plays a crucial role in plant development. It is involved in several key physiological processes, including cell elongation and division, adventitious and lateral roots initiation [21], enhanced nutrient uptake [22], and phototropism and gravitropism regulation [23].
Moreover, hydrogen cyanide (HCN) produced by PGPR helps control pathogens by disrupting their respiration[24]. This reduces stress on the plant and enhances growth. HCN also acts synergistically with other antimicrobial compounds to strengthen pathogen suppression in the rhizosphere[25].
[bookmark: ZOTERO_BREF_eRuspXiEKzhV][bookmark: ZOTERO_BREF_TTpZUv3bNxIX]Additionally, PGPR  produces ammonia (NH₃), particularly through atmospheric nitrogen fixation mediated by the enzyme nitrogenase. This provides plants with a directly assimilable nitrogen source for plants [26],  leading to increased biomass production and improved plant vigor. However,, bacteria of the genus Lysinibacillus sp are primarily known for their biocontrol properties [27] and entomopathogenic activity  [28, 29]. The present study highlights the lesser-known function of this bacterium, which is its active role in promoting plant growth, particularly in onion.
Indeed, the bacterial strain studied exerts a beneficial effect on plant growth through several mechanisms: the synthesis of the auxin indole-3-acetic acid (IAA), which stimulates root development; the production of hydrogen cyanide (HCN), which suppresses the proliferation of plant pathogens; and the release of ammonia (NH₃), providing a readily assimilable nitrogen source for the plant.

3.2. Assessment of the Effect of the fertilization mode on the onion plant vegetative growth 
The analysis of variance of the onion plant vegetative growth showed that the plant height differs significantly, respectively, according to the fertilization mode applied and the period ( P< 0.001, Table 1). In addition, the evaluation of the effect of the interaction between the Fertilization mode and the data collection period indicated that the onion plants' height varied significantly (P =0.003) regarding the combination of both factors (Table 1).

Table 1: Analysis of the onion plant height according variance of to fertilization systems
	Variable 
	Sum Sq
	Df
	Mean Sq
	F value
	Pr(>F)

	Fertilization
	4080
	7
	582.8
	10.079
	 <.001***

	Day
	6036
	2
	3018.1
	52.192
	 <.001***

	Fertilization*Day
	1980
	14
	141.4
	2.446
	.003**

	Residuals
	19430
	336
	57.8
	
	


df = degree of freedom; F = Fisher F; **significant p < 0.01; ***significant p < 0.001

Thus, the monitoring of onion plant height throughout the cropping cycle (Figure 2) showed significant variation depending on the applied treatments.
Thus, at 20 days after transplanting, the highest plant heights were recorded in plots amended solely with compost, followed respectively by Inoculum+NPK, Inoculum+compost, NPK, control (no fertilization),  and Inoculum alone (P< 0.001). In contrast, the compost+NPK and Inoculum+compost+NPK treatments resulted in the lowest heights at this stage.

[image: ]
Figure 2: Effect of the soil amendments on onion height evolution. 
The values sharing the same letter are not significantly different according to the LSD test, P < 0.05.

Furthermore, at 45 days after transplanting, the tallest plants were observed under Inoculum+compost+NPK and Inoculum+NPK treatments, followed by compost, Inoculum+compost, NPK, and control (P = 0.001, figure 2). The treatment compost+NPK, and Inoculum alone showed the lowest growth. The analysis of data from the table on the effect of soil amendments showed that vegetative growth, measured by the height of plants from the 45th day after transplantation, was significantly improved by inoculum-based fertilization systems. For example, at day 45, the NPK + Compost + Inoculum formula achieved an average height of 34.46 cm 1.94, compared to 23.27 cm 1.86 for the same formula (NPK + Compost) without inoculum (Figure 2).  
At 60 days after transplanting, the Inoculum+Compost+NPK treatment still produced the most significant plant height, followed in descending order by Inoculum+Compost, Compost, Inoculum+NPK, NPK, Control, Inoculum alone, and compost+NPK (P< 0.001).
Indeed, 20 days after transplanting, compost alone promoted good initial plant height growth. However, at 45 and 60 days, the most significant vegetative growth occurred with the combined treatment of NPK, compost, and inoculum. These results suggest that this combination promotes sustained plant growth over a longer period. Furthermore, this treatment led to the highest onion yield, confirming its agronomic effectiveness.
[bookmark: ZOTERO_BREF_4VrMsKpPLycw]These results are supported by previous findings indicating that integrated nutrient management using biofertilizers such as Azotobacter and Azospirillum, in an integrated nutrient management system that supplies 50% of the nitrogen through organic manure and the rest through chemical fertilizers, results in maximum onion yield and improved soil fertility status [30].
[bookmark: ZOTERO_BREF_rlrhv9chPGTX]Lashari et al.[31] also reported that, in a field trial, growth and yield attributes of the onion crop the plants treated with combined compost and NPK at the same time were significantly improved the.
Forty-five days after transplanting, the treatment combining NPK, compost, and the inoculum resulted in the highest and most significant plant height, followed by the NPK-Bacteria treatment. The other treatments were ranked in order of decreasing effectiveness as follows: Compost, Compost-Bacterium, NPK alone, Control (no fertilization), NPK-Compost, and finally Bacteria alone. NPK+compost and inoculum alone treatments showed the lowest growth.. 
According to the abovementioned results, the 45 days period likely corresponds to the stage at which the readily available nutrients from the initial compost and NPK applications have been depleted in the soil. Consequently, better plant height was observed in plots that received the bacterial inoculum (NPK-Bacterium, Compost-Bacterium) or compost alone, suggesting that microbial activity may have sustained nutrient availability by progressively mineralizing organic matter and solubilizing mineral elements.
These results suggest that the application of the inoculum can promote onion growth after readily available mineral and organic nutrients are depleted.  Studies have reported that In this respect, PGPR inoculation retains soil nutrient availability (phosphorus [P], nitrogen [N], organic carbon and enhances plant growth and yield beyond the effects of initial fertilization [32]. Additionally, the application of the bacterial inoculum continued to support onion growth even after readily available mineral and organic nutrients were depleted.
Specifically, the bacterial strain used, identified as Lysinibacillus sp., exhibits plant growth-promoting (PGP) properties, such as nutrient solubilization, enhanced nutrient uptake, and the production of auxins, particularly indole-3-acetic acid (IAA), which stimulates root development and vegetative growth in onion plants.
[bookmark: ZOTERO_BREF_eBZV3FF0jPDz]The good plant growth observed during this period could be attributed to the residual effect of the compost in the field. Indeed, the nutrients contained in compost are not released all at once but rather progressively through the activity of soil microorganisms. Abdou et al. [33], using litter bag methods, demonstrated that after 84 days (12 weeks), a compost made from cattle manure and cowpea residues in Niger had decomposed by 40.3% to 56.5%  [33] releasing approximately 31% of nitrogen (N), 74% of phosphorus (P), and 97% of potassium (K). Moreover, Kabasiita et al. [34] reported decomposition coefficients (k) close to 0.041 week, corresponding to an organic matter half-life of approximately  16–17 weeks.
Sixty days after transplanting, the combined NPK-Compost-Bacteria treatment resulted in the highest plant height, followed by the Compost-Bacteria treatment. These results support the hypothesis that applying beneficial bacteria in combination with compost and/or NPK promotes sustained onion plant growth throughout the cropping cycle.
However, the application of the bacterial inoculum alone resulted in the lowest plant height. This suggests that the plant growth-promoting activity of the isolate is enhanced by the availability of organic and/or mineral nutrients.
[bookmark: ZOTERO_BREF_DgO6hrTJ735V]As shown in onion and pepper trials, microbial inoculation alongside organic inputs (e.g., compost, biochar) enhanced nutrient uptake, fertilizer use efficiency, and yield beyond the individual effects of biofertilizer or fertilizer alone[35, 36]
A study on Kikuyu grass demonstrated that combining PGPR with 50% organic and 50% conventional nitrogen fertilization achieved growth comparable to full mineral fertilization, and reduced nitrogen leaching by 95%[37] .
Table 2 shows the variation in neck diameter and onion yield across the different treatments. The results indicate that the applied fertilization had a highly significant effect on both neck diameter and yield (P< 0.001). The Compost+NPK, Inoculum+Compost+NPK, and bactericidal compost treatments produced the largest neck diameter. They were followed, in decreasing order, by NPK alone, Inoculum + Compost, Inoculum + NPK, Compost alone, the unfertilized control, and Inoculum alone. In terms of yield, the highest value was recorded for the Inoculum + Compost + NPK treatment, followed in descending order by Inoculum + NPK, Inoculum + Compost, Compost + NPK,  Compost alone, NPK alone, Inoculum alone, and the control treatment.
Table 2: Effect of Different Soil Amendments on Onion Neck Thickness and Yield
	Treatment
	
	Mean

	
	N	Comment by Admin: What is this? Is this mean nubers of neck? specify
	Neck diameter (mm)
	Yield (kg. ha-1)

	Control
	15
	5.5bc ±0.4
	18.93d±4.34

	Compost
	15
	6.51abc±0.57
	33.13bcd±6.13

	NPK
	15
	7.39abc±0.57
	25.80cd±6.13

	Inoculum
	15
	5.27c±0.57
	20.20d±6.13

	Compost+NPK
	15
	8.45a±0.57
	41.73bcd±6.13

	Inoculum+NPK
	15
	7.15abc±0.57
	53.93ab±6.13

	Inoculum+Compost
	15
	7.58ab±0.57
	48.87bc±6.13

	Inoculum+Compost+NPK
	15
	8.21a±0.57
	69.00a±6.13

	Overall 
	
	6.939
	37.07

	CV
	
	31.81
	64.08

	P
	
	< 0.001***
	< 0.001***

	RSE
	
	2.207
	2.207


df = degree of freedom; ***significant P < 0.001. The values sharing the same letter are not significantly different according to Tukey’s HSD test, P < 0.05.


Thus, the results showed that the Compost+NPK and Inoculum+Compost+NPK, treatments led respectively to the significantly highest neck diameter, followed respectively by NPK, Inoculum+Compost, Inoculum+NPK, Compost, Control (unfertilized), and Inoculum alone. However, in terms of yield, the Inoculum+Compost+NPK  treatment resulted in the highest yield, followed in descending order by Inoculum+NPK, Inoculum+Compost, Compost+NPK, Compost, NPK, Inoculum alone, and Control.
[bookmark: ZOTERO_BREF_Ez3LXIl68DhU][bookmark: ZOTERO_BREF_l9TQNhtCwWkZ]This result does not align with the findings of Melke and Ravishankar (2006) and Kanton et al. (2003), who reported a positive correlation between neck diameter and onion yield. This discrepancy could be explained by the fact that the application of beneficial bacteria may have preferentially promoted the development of the bulb and the leaf base at the expense of neck enlargement.
In conclusion, the control, bactericidal compost, compost alone, NPK alone, and inoculum alone treatments showed limited effectiveness in enhancing bulb yield and vegetative growth in onion compared with the combined treatments—Inoculum+Compost+NPK, Inoculum+NPK, Inoculum+Compost, and Compost+NPK—which significantly improved both plant growth and yield.
However, the application of the inoculum alone as fertilizer can slightly increase the yield of the onion compared with the control alone. These findings highlight the importance of integrating biofertilizing bacteria with organic and/or mineral fertilizers as suggested by previous findings [30, 31, 31, 38]. Such combined fertilization strategies could enhance nutrient uptake, prolong nutrient availability in the soil, and sustainably increase onion productivity.
Thus, this study is the first to demonstrate the involvement of Lysinibacillus sp in enhancing onion plant growth. This finding supports the hypothesis that this bacterium harbors genes related to promoting plant growth [19, 20].	Comment by Admin: Please, confirm this claim

4. Conclusion

The experimental findings demonstrate that the tested Lysinibacillus sp. strain has several plant growth-promoting (PGP) traits. These traits include the production of indole-3-acetic acid (IAA), hydrogen cyanide (HCN), and ammonia (NH₃), which contribute to improved onion growth and yield. These properties enhance root development, suppress pathogens, and provide a directly assimilable nitrogen source. At 20 days post-transplant, compost alone supported early growth. However, at 45 and 60 days, the combination of NPK, compost, and bacteria led to the most significant vegetative growth and the highest yield, outperforming other treatments. This synergistic effect is likely due to the gradual nutrient release from compost, enhanced by microbial activity, and sustained availability of nutrients from the mineral fertilizers.
The observed results align with previous studies showing that integrating biofertilizers with organic and mineral inputs improves both plant development and soil fertility. Notably, treatments combining compost and Lysinibacillus sp. (M16), especially with NPK, consistently resulted in superior agronomic performance. Conversely, individual applications of compost, NPK, or Inoculum alone were less effective.
This study is the first to highlight the plant growth-promoting potential of Lysinibacillus sp. in onion, a genus primarily known for its biocontrol and entomopathogenic properties. In addition, these results underline the potential of integrated nutrient management strategies using beneficial microbes and compost to sustainably boost onion productivity.	Comment by Admin: See above
In perspective, it would be relevant to develop fertilizer formulations aiming to determine the optimal dosage of compost, NPK, and bacterial inoculum that maximizes onion yield. This should include an evaluation of application modes—such as seed coating, root dipping, or soil drenching—to identify the most effective delivery method for the inoculum.
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