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ABSTRACT. The management of agricultural production became restrictive due to soil degradation, 

reduction of varieties potential and bad crop practices. In order to propose a management tool of onion 

production, this study has been realized in Senegal river valley growing conditions during fresh season of 

2022. It allowed to evaluate different levels of cow dung (CD) as amendment and 10-10-20 as covering 

mineral fertilizer on onion under Split plot design with 16 treatments and 3 replications. Parameters were 

related to growth, bulb quality and yield. Data have been analyzed with RStudio 4.2.2 software. Results of 

statistical analysis showed no significant effect of treatments on parameters. However, high doses of CD 

and 10-10-20 led an increasing of morphological parameters. Bulb qualities improve with a half reduction 

of 2 types of matter excepted polar diameter and external tunic thickness which are not affected by 

applications. Quantities higher than 10 t.ha-1 of CD and half of 10-10-20 allowed 38.98% raise of yield in 

comparison to control. Application of over 10 t.ha-1 of CD in organic amendment and 0.5 t.ha-1 of 10-10-

20 in covering fertilization is a performant management way of onion growing system. 
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INTRODUCTION 

In Senegal river valley (SRV), onion crop is well developed since over ten years [1] 

with “violet de galmi”, a variety with high production potential [2]. Yet, a main constraint 

caused by multiple reasons is decreasing quantitative and qualitative production [3, 4, 5]. 

Indeed, the use of plowing machine caused an aggressive soil plowing avoiding its 

biological vitality and the fundamental role of organic matter in crop system [6, 7]. 

Production quality is also compromised by unknown agricultural practices promoting 

yield instead of bulb quality [8]. The lack of cultivated varieties diversity, the use of fairly 

adapted seeds to climate and soil poverty by excessive chemical inputs come intensify 

this issue [9]. According to Chléla and Thibault [10], management of nitrogen fertilization 

is restrictive in organic soil because of the difficulty of predicting mineral liberation rate. 

It is why the non-adaptation of fertilization technics, applied quantities and problems of 

weeds management constitute main challenges to be raised for yield improvement and 
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bulb quality [11]. In another side, the usage of organic matter as fertilizer or amendment 

can contribute to restore soil quality et increase crop yields [12]. Several studies reported 

that manure is an effective amendment which makes best physico-chemical and 

biological soil qualities [13, 14]. The integration of organic matter in onion growing 

system is a practice relatively frequent in SRV particularly in localities with high potential 

of breeders. A qualitative diagnosis realized by Mbaye and al. [15] allowed to identify 

types de organic matters and to establish their usage conditions in onion growing system. 

According to these results, cow dung is the most used as amendment and/or fertilizer and 

is spread with quantities less than 10 t.ha-1 at 2 or 3 months before plants transplantation. 

This study aims to participate to achieve production goals scheduled in the agricultural 

plan for durable food sovereignty around 2025. Specifically, it is about (1) to evaluate 

morphological characters of onion, (2) to estimate yield and (3) to appreciate quality 

harvest. 

MATERIALS AND METHODS 

Experimental site presentation  

Study has been realized in the application field of High Institute for Vocational 

Learning (Richard Toll, Saint Louis, Senegal) located at 16°24’39’’N and 16°40’25’’O 

(Figure 1). 

 

 

Fig. 1. Localization of experimental site 

 

 

It is characterized by clay-sandy soil from sahelian climate [16]. Rainy season duration 

is 3 months (from June to October). August records more rains with 83 mm in mean. Dry 

season goes to 9 months (from October to June) [17]. Temperatures vary from 20 and 

more than 35 °C with 27 °C annual mean and 15 °C as amplitude [16]. 
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Material 

Cow dung has been used as organic amendment and 10-10-20 as mineral fertilizer. These 

substrata are the main matter used in soil fertility management in onion growing system 

of the valley [15]. Applied quantities are indicated in Table 1. 

 

Table 1. Experimental treatments 

OF1_MF1 : 0 t.ha-1 CD + 0 t.ha-1 10-10-20 OF3_MF1 : 10 t.ha-1 CD + 0 t.ha-1 10-10-20 

OF1_MF2 : 0 t.ha-1 CD + 0.25 t.ha-1 10-10-20 OF3_MF2 : 10 t.ha-1 CD + 0.25 t.ha-1 10-10-20 

OF1_MF3 : 0 t.ha-1 CD + 0.5 t.ha-1 10-10-20 OF3_MF3 : 10 t.ha-1  CD + 0.5 t.ha-1 10-10-20 

OF1_MF4 : 0 t.ha-1 CD + 1 t.ha-1 10-10-20 OF3_MF4* : 10 t.ha-1  CD + 1 t.ha-1 10-10-20 

OF2_MF1 : 5 t.ha-1 CD + 0 t.ha-1 10-10-20 OF4_MF1 : 15 t.ha-1 CD + 0 t.ha-1 10-10-20 

OF2_MF2 : 5 t.ha-1 CD + 0.25 t.ha-1 10-10-20 OF4_MF2 : 15 t.ha-1 CD + 0.25 t.ha-1 10-10-20 

OF2_MF3 : 5 t.ha-1  CD + 0.5 t.ha-1 10-10-20 OF4_MF3 : 15 t.ha-1 CD + 0.5 t.ha-1 10-10-20 

OF2_MF4 : 5 t.ha-1 CD + 1 t.ha-1 10-10-20 OF4_MF4 : 15 t.ha-1 CD + 1 t.ha-1 10-10-20 

OF: Organic fertilizer; MF: Mineral fertilizer; CD: Cow dung, OF3_MF4* is the 

recommended treatment in SRV. It is the control treatment. 

 

 

Vegetal material is onion (Violet de galmi variety). This one comes from Niger [18] 

and has been introduced in Senegal at 1970 [19]. The principal interest of the variety is 

to be found in its adaptation capacity in this area, its good dry matter contains, its 

flowering aptitude and its high yield potential [2]. Other characteristics are presented in 

Table 2. 

 

 

Table 2. Distinctive characteristics of Violet de galmi variety 

Name Form Color 
Cycle 

(days) 

Weight bulb 

(g) 

Potential 

yield (t.ha-1) 

Violet de 

Galmi 

Thick and 

flat 
Purple 120 to 130 150 50 

Source: Niger Ministry of agriculture 

 

Experimental design 

Split plot design was used with 3 replications. 2 factors were studied: main factor (cow 

dung) with 4 levels (0; 5; 10 and 15 t.ha-1) and secondary factor (10-10-20) with 4 levels 

too (0; 0.25; 0.5 and 1 t.ha-1). It makes 16 treatments by replication applied on 

1.2×1.2=1.44 m². Space between replications and between main factor treatment is 0.5 

m. Space between second factor treatment is 0.25 m. Design total surface is 

12.1×8.95=108.295 m². 

 

Crop growing 

Nursery and organic amendment have been installed October 11. Transplantation has 

been done handily at 1 month after seedling. Vigorous and healthy plants were used with 
15 cm by 15 cm. Irrigation is done manually with 11 liters per application and is stopped 

at 75% plant falling. Before fertilizer application, a weeding operation is performed to 
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eliminate weeds. Pest attack and plant disease were not detected. Spreading of mineral 

fertilizer is done in 4 times: at transplanting, 20th, 40th and 60th day after transplanting. 

2 weeks pre drying were observed and were followed by harvest per experimental unit (1 

m²). Figure 2 shows the different operations of design setting up, crop management and 

harvest. 

 

 

 

Fig. 2. Setting up experimental design and crop growing 
 

Legend: (a): setting up experimental design, (b): cow dung spreading, (c): plants transplanting,  

(d): weeding, (e): 10-10-20 application (f): harvest area delimitation, (g): bulb manual harvesting, (h): 

leave and roots cutting. 
 

 

Measuring parameters 

Parameters are defined by Allium spp descriptor [20]. It concerns growth (number of 

leave per plant, leaf length and neck diameter), bulb quality (equatorial diameter, polar 

diameter, bulb weight and external tunic thickness) and yield (Figure 3). 

 

 

 
Fig 3. Data collecting 

 
Legend: (a): number of leave, (b): plant height, (c): neck diameter, (d): subplot production,  

(e): equatorial diameter, (f): polar diameter, (g): bulb weight. 
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Data treatment and analysis 

Collected data have been recorded in MS Excel spreadsheet which allowed to generate 

graphics. Statistical analysis was performed with RStudio 4.2.2 software. 

RESULTS AND DISCUSSION 

Effects of treatments on morphological parameters 

Results from variance analysis indicate no significant difference (p>0.05). Best 

performances were observed on 7, 4 and 9 treatments respectively on number of leave per 

plant, leaf length and neck diameter. OF4_MF3 treatment is the best in all morphological 

parameters (Table 3). 

 

Table 3. Variation of leave number, leaf length and neck diameter by treatments 

Treatment Leave number  Leaf length (cm) Neck diameter (cm) 

OF1_MF1 7.6±0.655 a 39.26±3.908 a 11.92±1.75 a 

OF1_MF2 7.566±0.208 a 42.07±2.04 a 11.66±1.36 a 

OF1_MF3 8.33±0.351 a 38.14±2.6 a 12.09±1.51 a 

OF1_MF4 7.133±1.155 a 36.92±6.4 a 10.5±2.04 a 

OF2_MF1 7.167±0.503 a 35.79±4.83 a 9.7±0.87 a 

OF2_MF2 6.9±1.389 a 34.06±7.47 a 8.61±2.34 a 

OF2_MF3 6.633±1.877 a 26.30±15.28 a 10.13±3.04 a 

OF2_MF4 7.1±0.954 a 36.16±7.14 a 10.88±2.96 a 

OF3_MF1 6.733±0.503 a 37.06±7.14 a 10.27±2.24 a 

OF3_MF2 7.9±1.044 a 38.96±6.38 a 11.73±2.4 a 

OF3_MF3 8.5±0.3 a 42.62±1.7 a 12.7±1.06 a 

OF3_MF4 7.567±0.493 a 40.01±1.86 a 10.73±0.85 a 

OF4_MF1 6.933±0.907 a 32.23±9.41 a 9.7±2.92 a 

OF4_MF2 8.3±0.693 a 39.11±2.99 a 12.9±1.93 a 

OF4_MF3 9.033±1.662 a 43.95±8.53 a 13.2±5.68 a 

OF4_MF4 8.067±1.57 a 40.88±10.59 a 11.75±4.92 a 

Df 9 9 9 

Probability 0.579 0.88 0.899 

Signification NS NS NS 

Legend: Results are means of 16 treatments. Means affected by the same letter in the same column do not 

differ significantly. NS: Non-significant. Df: Degree of freedom. 
 

 

Treatments with at least 10 t.ha-1 have a very good leaf production (7 to 9 leave per 

plant) which overcomes control (7 leave per plant). These performances are not noticed 

when matter is used without mineral fertilizer (OF3_MF1 and OF4_MF1). The same 

situation is also observed on leave length with a quantity of organic matter up to 15 t.ha-

1 and 50% recommended chemical fertilizer (OF3_MF3). However, application of 25% 

of 10-10-20 without organic amendment (OF1_MF2) leads to the same result on that 

parameter. Concerning neck diameter, we notice a non-negligible variation when mineral 
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fertilization is used without or with cow dung but with a dose from 10 to 15 t.ha-1. Best 

performances of this morphological variable (over 12 cm) are obtained with a combining 

of over 10 t.ha-1 of organic matter how ever applied quantity of mineral fertilizer. These 

results would be linked with the practice of organic and/or mineral fertilizer. Organic 

matter, effectively, improves mineral composition of soil and has a positive action on 

onion growth [21, 22]. High quantity of cow dung combined with the usage of inorganic 

fertilization positively impacts crop growth as well as leave production [23]. According 

to Yara [24], onion requires a high level of nitrogen due to its superficial root system. 

Considering divided application of 10-10-20 during trial and the nitrogen richness of cow 

dung spread 3 months before transplantation, this practice should provide enough 

nitrogen minerals to crop for its growth needs. Indeed, an adequate application of nitrogen 

is crucial during all the crop cycle [25]. Searchers as Orgnalaga and al. [26] indicated a 

profitable effect of cow dung in combining with NPK fertilizer and urea on cassava 

growth and development. This action could justify recorded performances for OF3_MF3, 

OF4_MF3 and OF4_MF4 treatments on all onion morphological parameters. 

 

Effects of treatments on crop yield 

Results show that treatments have no significant effect (p>0.05). Yields vary from 3.24 

to 11.16 t.ha-1. Means histogram indicates that 9 treatments obtained best results 

compared to control (5.55 t.ha-1). Best yield were observed with OF4_MF3 treatment 

(11.16 t.ha-1). It is followed by OF4_MF4 (8.71 t.ha-1), OF1_MF3 (7.81 t.ha-1) and 

OF3_MF3 (7.71 t.ha-1) treatments (Figure 4). 

 

 

 

Fig. 4. Variation of yield by treatments 

 

 

Crop yield varied a lot despite nonexistence of significant effects of treatments. 

Spreading of variable quantities from 0.25 to 1 t.ha-1 of 10-10-20 with cow dung (from 

10 to 15 t.ha-1) allowed to have best bulb productions. Higher yield varied from 6.7 to 

11.16 t.ha-1 depending on applied doses even mineral or organic. This variation could be 

explained by combined effects mineral fertilizer and cow dung on soil fertility. Indeed, 

the combination of these substratum improves soil chemical fertility which cause directly 

plant growth and crop yield [27, 28]. For Bakayo and al. [29], cow dung application is 
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quantitatively profitable to onion mainly with increasing doses. Thanks to its nitrogen 

contain, this type of substrate allows to get good yield for many crops [30]. In addition to 

it mineral composition, cow dung reduces minerals decrease which will be available for 

crops [31]. Other similar results have been reported about structural stability, water 

retention capacity and improvement of soil biological activity. Willumsen and Thorup-

kristensen [32], Orden and al. [33] and Mounirou [34] reported a very high significant 

effect of organic fertilizers on soil hydrogen potential (pH), mineral contain (N, P and K) 

and exchangeable bases (Ca2+ and Mg2+). Thus, these results should explain bad yield 

noticed on subplot without amendment or with low organic matter quantity (less than 5 

t.ha-1). However, we have to notice that the control treatment recorded a result lower than 

some subplot without amendment or chemical fertilizer or with reduced quantity of 

chemical fertilizer (25%) and without amendment (OF1_MF1 and OF1_MF2).  

 

Effects of treatments on bulb quality 

Equatorial diameter, polar diameter and weight bulb variation are presented in Table 

4. Analysis of variance revealed that there is no difference (p>0.05). On 16 treatments, 7 

showed a best performance on equatorial dimeter, 13 on polar diameter and 7 on bulb 

weight. OF1_MF3 comes first in polar diameter (43.4 cm) and weight bulb (53.61 g). For 

equatorial diameter, it ranks the 2th position with 45.76 cm after OF3_MF3 treatment 

(46.47 cm). 

 

Table 4. Variation of equatorial diameter, polar diameter and bulb weight by 

treatments 

Treatment Equatorial diameter (cm) Polar diameter (cm) Bulb weight (g) 

OF1_MF1 38.82±2.59 a 37.3±0.1 a 31.55±4.11 a 

OF1_MF2 39.45±2.97 a 37.28±1.95 a 33.37±7.22 a 

OF1_MF3 45.76±9.83 a 43.4±5.13 a 53.61±28.11 a 

OF1_MF4 34.30±2.59 a 36.13±0.47 a 27.77±2.19 a 

OF2_MF1 37.54±9.76 a 35.77±5.23 a 33.28±18.16 a 

OF2_MF2 29.9±8.34 a 33.97±4.78 a 20.59±10.96 a 

OF2_MF3 42.37±16 a 41.66±7.77 a 52.33±33.88 a 

OF2_MF4 36±5.19 a 33.77±3.85 a 29.05±7.81 a 

OF3_MF1 37.27±7.84 a 35.5±5.72 a 28.85±13.51 a 

OF3_MF2 41.80±12.98 a 36.1±6.32 a 41.99±26.42 a 

OF3_MF3 46.47±6.63 a 39.27±2.5 a 52.66±17.18 a 

OF3_MF4 40.30±5.86 a 35.43±4.8 a 34.28±13.51 a 

OF4_MF1 34.43±9.03 a 35.67±7.08 a 28.01±16.65 a 

OF4_MF2 41.13±7.7 a 37.77±3.73 a 39.66±17.61 a 

OF4_MF3 42.87±13.23 a 39.67±6.41 a 45.51±32.03 a 

OF4_MF4 41.83±16.62 a 39.17±11.4 a 44.06±33.22 a 

Df 9 9 9 

Probability 0.946 0.984 0.956 

Signification NS NS NS 
 Legend: Results are means of 16 treatments. Means affected by the same letter in the same column do 

not differ significantly. NS: Non-significant. Df: Degree of freedom. 
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Concerning bulb quality, equatorial diameter and bulb weight highly varied with 

combining cow dung and 10-10-20. Spreading of 50% of recommended 10-10-2020 

scored the best bulb weight (51.03 g) whatever the level of cow dung. This widely 

overpass recorded results about control practice (34.28 g). Any observable difference was 

detected for singular application. That is not the case for polar diameter where best results 

were found with or no combining treatments. Application of 50% 10-10-20 takes first 

place with 43.4 cm (without amendment) and 41.66 cm (with OM at 50%). During bulb 

processing, there is an important increasing of water needs [35] and phosphorus of crop 

[36]. The rise of bulb weight with increasing quantity of 10-10-20 is linked to its 

phosphorus content and potassium which interfere respectively in root system 

development for water nutrition and bulb forming. According to Windpouiré and al. [37], 

phosphorus and potassium abortion is important in bulb growth stage. That is the reason 

why mineral fertilization advantages an increasing of bulb weight mainly with high 

quantities [38]. In addition, few minerals provided by cow dung could also contributes in 

this forming [39]. In another hand, leaf development constitutes explanation factor of this 

situation. Indeed, nitrogen used by plant during this stage comes essentially from leave 

[40]. In this trial, we remarked a good leaf production for these treatments during 

vegetative stage. This explain observed performances on all bulb parameters for 

OF1_MF3, OF2_MF3, OF3_MF2, OF3_MF3, OF4_MF1, OF4_MF2, OF4_MF3 and 

OF4_MF4 treatments. 

Correlation between yield and other parameters 

Analysis of correlation shows an influence statistically significant of other parameters 

on yield (p=9.978.10-15). Neck diameter (p=0.0034) and bulb weight (p=0.0002) 

contributed particularly in this correlation. Pearson correlation matrix reveals a high link 

between parameters (Table 5). 

 

Table 5. Correlation between agro morphological parameters 

Paramter 
Ne.Diam 

(cm) 

Eq.Diam 

(cm) 

Pol.Diam 

(cm) 

LeafLen 

(cm) 

Leaf 

Numb 

Bulb 

W (g) 

Yield 

(t.ha-1) 

Ne.Diam 

(cm) 
1 0.7591 0.6745 0.8154 0.8457 0.6793 0.7821 

Eq.Diam 

(cm) 
0.7591 1 0.9059 0.759 0.7834 0.9671 0.8542 

Pol.Diam 

(cm) 
0.6745 0.9059 1 0.6917 0.6917 0.8975 0.7905 

LeafLen 

(cm) 
0.8154 0.759 0.6917 1 0.7935 0.6683 0.7106 

Leaf 

Numb 
0.8457 0.7834 0.6917 0.7935 1 0.7235 0.7481 

BulbW (g) 0.6793 0.9671 0.8975 0.6683 0.7235 1 0.8698 

Yield 

(t.ha-1) 
0.7821 0.8542 0.7905 0.7106 0.7481 0.8698 1 

Legend: Ne.Diam: Neck diameter; Eq.Diam: equatorial diameter; Pol.Diam: Polar diameter;  

Leaf Len: Leaf length; Leaf Numb: Leave number; BulbW: Bulb weight; Yield: Yield. 
 

 

Results showed a positive correlation between parameters. The level of this link 

fluctuates from 0.66 to 0.99 according to Pearson coefficient. This implicates that 
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improving growth parameters leads to the increasing of bulb quality and yield. This 

situation can be explained by the fact that leaf production is in link with bulb forming and 

consequently with crop yield. Indeed, leave number impacts onion capacity to react to 

environment factors which start bulb forming [41]. Furthermore, leave weakness and 

drying during maturation makes it conduct nutrients to bulb which implies a gain of 

weight and yield [41]. Results corroborate Anatole [42] and Boukary and al. [43] who 

reported a high correlation between plant high, leave number, calibre, bulb weight and 

yield. 

 

Effects of treatments on bulb thickness 

Results show that treatments have no significant effect on external bulb thickness. All 

bulbs have middle thickness whatever the treatment (Figure 5). 

 

 

 

Fig. 5: Variation of external tunic thickness by treatments 

 

 

External tunic thickness does not vary whatever treatment and any significant effect 

were revealed by statistical analysis. It is middle thickness according to IPGRI criteria 

[20] despite the good dry matter contain of violet de galmi [2]. Tunic forming starts with 

bulb forming and ends with plant falling [35]. Its nature is more or less linked to pre 

harvest drying [44] which favors a good neck firmness [24]. In this way, a delay of harvest 

leads to tunic loss [45] and bulb with high dry matter contain are firmer and have thicker 

tunic [46]. During this study, 15 days in situ drying was observed in all subplots. This 

may explain homogeneity of tunic for all parameters. Yet, studies showed that nitrogen 

acts positively on onion tunic quality through raising of specific weight [47] but becomes 

prejudicial with a high rate [48]. The part of nitrogen in 10-10-20 composition is relatively 

low (10%) especially for reduced quantities. This may not influence significantly external 

tunic forming and its type. 

CONCLUSION 

This study followed another performed about integration of organic matter in onion 

growing system. It allowed to appreciate effects of 4 levels of organic amendment and 4 
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doses of mineral fertilizer on onion agro morphological parameters and bulb quality in 

this agro ecological area. The objective was to contribute to level up onion production 

and quality with durable practice for soil fertility management. Definitely, results show 

statistically no difference between treatments. However, leave number, leave length and 

neck diameter raise up with increasing doses of amendment and mineral fertilizer. Best 

yield was obtained with at least 10 t.ha-1 of cow dung and 50% of normal quantity of 10-

10-20. A combining of 50% of amendment and mineral allows to improve equatorial 

diameter, polar diameter and bulb weight. A high correlation was observed between all 

parameters. Highlighting these results, spreading of over 10 t.ha-1 of cow dung and 0.5 

t.ha-1 of 10-10-20 is an effective way to improve onion growing system. 
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