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INTRODUCTION 

 

Due to increasing consumer demand for chemical-free and higher-quality 

agricultural products, farmers are looking to invest in environment-friendly 

fertilizers that can improve plant nutrition and ensure high yields simultaneously. 
Inorganic fertilizers cause serious environmental problems such as massive soil 

and groundwater pollution, energy depletion, imbalance of soil nutrients and 
negative impact on the population of beneficial microorganisms (Farouk and 

Sharawy, 2016; Syed et al., 2021). Hence, using fertilizers that maintain and 

improve long-term soil fertility is a significant challenge for organic production. 
The primary purpose of organic fertilization is to increase the amount of 

macronutrients, especially C, N, and P, in the soil to provide nutrients necessary 

for crop growth (Carter et al., 2012). Besides, it can improve soil quality by 
providing several types of microorganisms capable of producing many different 

enzymes that can hydrolyze the macromolecule and then facilitate its plant uptake 

(Bamforth and Cook, 2019; Liu et al., 2021). Fertilizing the soil with efficient 
microbes and a suitable substrate is more effective than applying these agents 

directly to the soil (Yousry, 2021). As a result, bioorganic fertilizers (BOF) have 

attracted the interest of many researchers, and their use is rapidly expanding. BOFs 
are the result of secondary solid-state fermentation of suitable substrates by 

selected microbial strains (Wang et al., 2017). They have the particularity of 

having beneficial functions in the development of the microorganisms newly added 
for plant growth, in addition to their usual role with the organic fertilizers in 

improving the efficiency of plants to use nutrients (Feng et al., 2020; Zhao et al., 

2018). Many scientists have demonstrated that the application of a BOF can 
improve the yield and quality of crops and reduce the incidence of diseases in a 

large number of crops such as potatoes, bananas, watermelons, tomatoes, pepper, 

tobacco...(Ma et al., 2018; Wu et al., 2015; Xue et al., 2019; Yanbin and 

Yazheng, 2009; Ye et al., 2020; Yuan et al., 2013). Moreover, BOF even showed 

efficacy in soils contaminated with phthalic acid esters by increasing the yield and 

quality of Chinese flowering cabbage (Feng et al., 2020).  In general, specific 
microbes known as plant growth-promoting microorganisms “PGPM" ensure BOF 

fermentation. The PGPM are agronomically beneficial soil microorganisms that 

can improve the decomposition and release nutrients and organic matter (Peng et 

al., 2023). Applying bioorganic fertilizers containing PGPM promoted plant root 
growth, soil fertility, and soil-born pathogens (Zhao et al., 2021). Nevertheless, 

common rhizospheric and endophytic microorganisms are the most widely used 

PGPMs without considering the other potential groups of organisms, including 
LAB. (Jaffar et al., 2023) reported that particular strains of LAB can increase the 

availability of nutrients released by compost and other forms of organic or 
inorganic matter to plants. Also, LAB is widely used with other microorganisms 

to stimulate decomposition during the composting process and compost teas for 

soil fertilization and nutrient mineralization before and after seeding 
(Murindangabo et al., 2023). Despite the properties of the lactic acid 

bacteria/yeast combination, no study to date has demonstrated the efficacy of a 

BOF based on agricultural by-products and inoculated with selected strains of 
lactic acid bacteria of the species "Lactiplantibacillus plantarum" and 

"Levilactobacillus brevis" and yeasts of the species "Candida famata” on the 

growth parameters and the nutritional quality of red beetroot. Recently, most 
studies have focused on the influence of mineral, organic, biological and some 

BOF based on PGPM on the growth parameters of this plant (Carrillo et al., 2019; 

Chung et al., 2011; Dlamini et al., 2020; Kale et al., 2018; Petek et al., 2019; 

Rubóczki et al., 2015; Sapkota et al., 2021a; Shanmugam et al., 2022).  

Red beetroot (Beta vulgaris L.), native to the Mediterranean region, is a widely 

consumed vegetable in many world countries (SzéKely et al., 2019). It contains 
significant nutritional elements such as carbohydrates, fiber, protein, and essential 

and non-essential amino acids (Hadipour et al., 2020). Moreover, its composition 

is rich in micronutrients, including vitamins (vitamin C, thiamine B1, vitamin B6, 
β-carotene, vitamin A, vitamin K and vitamin E), minerals (calcium, phosphorus, 

sodium, potassium, selenium and zinc), carotenoids (Ceclu and Nistor, 2020; Fu 

et al., 2020; Stagnari et al., 2014; SzéKely et al., 2019). Over the past decades, 
Beta vulgaris subsp. vulgaris L has attracted increasing interest from researchers 

as a food with valuable therapeutic functions. It ranks among the top 10 vegetables 

for its potent antioxidant properties attributed to several bioactive compounds such 
as betalains, phenolic acids, flavonoids, saponins, sterols, triterpenes and ascorbic 

acids, which are naturally assimilated in the intestine after consumption 

The goal of this study was to investigate the effect of different rates of a new bioorganic fertilizer and an inorganic fertilizer on the 
parameters growth and the nutritional quality of red beetroot.  

A field trial was conducted using the randomized complete block design with six treatments and six replications: (T1= inorganic fertilizer, 

NPK 20-45-25 ha−1, T2= Bio-Organic Fertilizer “BOF” at 10%, T3= BOF at 20%, T4= BOF at 30%, T5= BOF at 60% and T6= unfertilized 
control). The total carbohydrate, protein and nitrate content of harvested red beetroot was measured analytically. Quantification of betanin 

was determined spectrophotometrically, while the antioxidant activity assessed free radical scavenging activities against DPPH. 

Statistical analysis of soils treated with 20 and 30% BOF showed similar results for the total weight of red beetroot and the weight and 
diameter of their bulbs. However, these treatments significantly (p < 0.05) increased the betanin content of red beetroot by 16 % compared 

to the conventionally grown samples. However, the investigation of the effect of the different rates of BOF on the IC50 value showed a 

decrease of up to 52% in favor of the T5 treatment compared to the inorganic fertilizer. In contrast, organically and conventionally growing 
red beetroot had similar average nitrate levels. 

In light of the crucial role of BOF rates, high levels of macro and micronutrients in the soil negatively affect all quality parameters of red 

beetroot. 
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(Hadipour et al., 2020). It should be noted that betanin (one of the red betalains 

“betacyanins”) represents between 75 and 90% of the total pigments in red beetroot 

species (Nouairi et al., 2021; Nowacki et al., 2015).  

Beetroot is one of the vegetables that can be easily cultivated in the field. Thanks 

to its high productivity and short growing period, it is generally characterized by 

the absence of pest attacks and the appearance of diseases (Sapkota et al., 2021).  
The specific aim of this study is to evaluate the effect of this type of BOF on the 

growth parameters and chemical composition of red beetroot. We hypothesized 

that (1) the physicochemical properties of the soil could affect the growth 
parameters and nutritional quality of beetroot.  (2) A single application of BOF 

may increase the weight and diameter of beetroot in the same way as an inorganic 
fertilizer. (3) The application rate of the BOF may affect beet growth parameters 

and nutritional quality. 

 
MATERIAL & METHODS 

 

Experimental site 

 

The agricultural trial was conducted by the Faculty of Sciences, Ibn Tofail 

University of Kenitra. The geographical location of the experimental site is 

6°35'18.27" W and 34° 14' 45.94" N. The cultivation occurred between May and 

August with a moderately warm temperature during the whole duration of the trial 

(24 °C to 29 °C, according to the history of the weather reports in Kenitra). The 
plot's surface to be cultivated is 18 m2 (6m length and 3m width). 

 

Plant material and cultivation 
 

The cultivar used for the red beetroot is "Detroit improved," one of the main 

cultivars used in Morocco. The seed crops were cultivated 10/05/2021 in plastic 
honeycomb trays and transplanted to the plot after germination. Germinated seeds 

were thinned to keep only one plant per hole at each sub-block. The main plot was 

divided into 18 lines, with a spacing of 30 cm, and the distance between plants was 
30 cm with 108 seedlings. The irrigation was ensured twice daily, maintaining the 

same amount of water throughout the trial.   

 
BOF preparation 

 

The bioorganic fertilizer used in the field trial is based on three wastes generated 
by the food industry: olive mill wastewater, molasses and rice hulls. Lactic acid 

bacteria (LAB) of the species “Lactiplantibacillus plantarum” and 

“Levilactobacillus brevis” and of the yeast of the species “candida famata” were 
inoculated to control the fermentation process. The process of the controlled 

fermentation is described by (Atfaoui et al., 2021). Table 1 summarizes its 

physicochemical characteristics. 
 

Table 1 Physicochemical characteristics of the bioorganic fertilizer applied. 

 Unit 
Bioorganic 

fertilizer (BOF) 

pH ---- 4.08 ± 0.08 

Acidity % Lactic acid 1.42 ± 0.04 

OMa % 80.20 ± 2.30 

TOCb % 48.2 ± 1.26 

TNc % 1.41 ± 0.08 

Code g/l 43,2 ± 1.01 

C/N % 34.28 ± 4.01 

TPd % 0.11 ± 0.01 

Potassium % 0.91 ± 0.01 

Calcium % 0.49 ± 0.02 

Zinc mg/kg 14 ± 1.50 

Except for pH value, all data are expressed on a dry basis. ± present the standard 

deviations (n = 3). 
An Organic matter, b Total organic carbon, c Total nitrogen, d Total 
phosphorus, e Chemical oxygen demand. 

 

Fertilization treatments 

 

The experiment consists of the study of the effect of a single factor "type of 

fertilizer" on the growth of the same cultivar of red beetroot (Vulgaris var.). In 
total, there are six treatments related to the type of fertilizer: T1= inorganic 

fertilizer 80 kg N ha-1, 180 kg P2O5 ha-1 and 100 kg K2O ha-1 (NPK 20-45-25), T2= 

Bio-Organic Fertilizer “BOF” at 10%, T3= BOF at 20%, T4= BOF at 30%, T5= 

BOF at 60% and T6 with 0% of BOF as a control culture. 

The inorganic fertilizer was counted in the soil before the cultivation of the seeds 

and at the stage of the growth of the roots through irrigation. At the same time, the 

BOF was added to the soil 15 days before sowing by an auger to ensure compliance 

with the different percentages used. 

 

Experimental design 

 

The experiment was conducted in a randomized complete block design (or Fisher 
block design). The plot consisted of 6 blocks; within each block, there are three 

identical sub-blocks (Fig. 1). The different treatments are randomly assigned 

within each sub-block, where the treatment appears only once. The interior of a 
block is as homogeneous as possible. On the other hand, within the same field, the 

blocks are as different as possible. 
 

Figure 1 Theoretical distribution of the treatments within the plot according to the 

randomized complete block design 

 
Physico-chemical parameters of soil  

 

A sandy soil (95% sand) was collected from a plot dedicated to agricultural trials 
with no additional fertilization. The soil was sampled at a depth of 20 cm and 40 

cm. The samples were mixed and immediately transported to the laboratory and 

stored at + 2°C. The analyses carried out concern the soil before and after its 
fertilization by the different doses of the BOF (Table 1).  

 

Samples were analyzed according to the following methods:  
pH was determined electrometrically using a digital pH meter (JP SELECTA, pH-

2005), water suspension (1:5, w/v), Electrical conductivity was quantified in a 1:5 

soil/water suspension and measured with a HANNA benchtop conductivity meter 
(ModelHI2300) at 25°C. Organic matter was obtained by evaluating the difference 

between the dry mass and the mass after calcination at 500°C for 24h (SELECT-

HRN) (Navarro et al., 1993). A TOC analyzer (Shimadzu, model TOC-V CPN, 
Japan) was used to measure the total organic carbon (da Silva et al., 2008), and 

nitrogen by the Kjeldahl method using Pro Nitro Distiller, SELECTA (Bremner, 

1965). Phosphorus (P) content was performed by reduction spectrophotometry 
with molybdenum vanadate according to ISO 6491 (1998) using a Jenway® 6850 

double beam UV / visible spectrophotometer type spectrometer (Straus et al., 

2012). 
 

K, Na, Ca, Mg, Fe, Mn, Cu, and Zn minerals were determined using an inductively 
coupled plasma optical emission spectrometer (ICP-OES), Model Optima 8000 

(Perkin Elmer, Waltham, Massachusetts, USA) according to the method described 

by (Chevallier et al., 2015). 

 

  

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/olives
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/rice-hull
https://www.sciencedirect.com/science/article/pii/S1658077X21000746#tblfn1
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Table 2 Soil physicochemical properties regarding fertilization treatments  
Unity Soil T2 T3 T4 T5 

pH 
 

8.02± 0.41 7.29±0.24 7.03±0.18 6.48±0.13 5.82±0.12 

Ec μS/cm 140±3.10 1430±28.91 1960±39.28 3750±77.33 7690±158.87 

Organic Matter % 1.06± 0.02 3.19±0.07 4.72±0.11 6.22±0.17 13.81±0.31 

Total Carbon % 61.26±1.32 1.86±0.03 2. 74±0.06 3.61±0.08 8.01±0.16 

C/N ---- 10.21±0.26 10.88±0.28 11.39±0.34 11.28±0.31 12.32±0.37 

N mg/kg 600±12.62 1700±36.96 2400±52.68 3200±65.81 6500±163.21 

P mg/kg 28.35±0.60 93.52±1. 97 135.84±2.82 240.72±4.85 569.23±11.20 

K mg/kg 62.76±1.01 1337±26.65 2828±56. 58 4388.6±87.84 8207.21±168.15 

Na g/kg 0.02±0 0.69±0.01 1.38±0.02 2.63±0.06 4.78±0.12 

Ca g/kg 5.16±0.11 7.52±0.16 7.85±0.18 8.98±0.20 15.71±0.35 

Mg mg/kg 37.60±0. 74 134.63±2.62 251.7±.5.08 476.6±9.01 566.85±11.89 

Cu mg/kg 0.43±0.01 0.51±0.01 0.61±0.01 0.76±0.02 1.52±0.03 

Zn mg/kg 3.89±0.09 4.13±0.08 8.42±0.17 11.32±0.21 23.06±0.44 

Mn mg/kg 6.98±0.17 25.51±0.48 47.66±0. 96 57.28±1.16 107.58±2.26 

F mg/kg 15.54±0.31 17.61±0.36 36.8±0.69 56.7±1.13 159±3.02 

Cl mg/kg 0.35±0 342.6±7.19 812.4±16.24 1248±26.20 3047.1±60.94 

The mean value standard deviation (n= 3). T2=10% of BOF, T3=20% of BOF, T4=30% of BOF, T5=60% of BOF. 
 

Vegetative growth parameters 

 

After 94 days of plant growth, all plants from each block were collected to measure 

the following characteristics: root and shoot length (cm), total weight (g), leaves 

numbers, bulb length (cm) and diameter (cm).  
 

Nutritional quality of beetroot 

 
Plant samples were blotted with filter paper after being carefully cleaned with tap 

and deionized water. The fresh plants were stored at 4 °C for quality measurements 

as soon as possible. 
 

Determination of total carbohydrate content 

 

 The total carbohydrate content in fresh beetroot was determined 

spectrophotometrically according to the method given by (Dubois et al., 1956). 

The results were measured with a Jenway® 6850 UV/visible double beam 
spectrophotometer at 490 nm, using a standard curve with concentrations of 0.3 g/l 

glucose and 0.3 g/l fructose. 

 
Determination of Protein Content 

 

The protein content is calculated by multiplying the total N (%) (Determined by 
the Kjeldhal method) by the coefficient 6.25 using Pro Nitro Distiller, SELECTA. 

 

Betanin content  

 

20 g of fresh beetroot was collected separately from each treatment and 

homogenized with a mortar and pestle. Samples were extracted with approximately 

90 ml of 99% acidified water (with 1% HCl) by sonication for 10 minutes. The 

mixtures were filtered through Whatman No. 1 filter paper and then were made to 

100 ml with acidified water "Betanin Extract." 1 ml solution was diluted to 10 ml 
with acidified water to obtain high-resolution spectra. 

The absorbance of samples at 538 nm was analyzed in a UV-VIS 

spectrophotometer, and the betanin extracted from 20 g of red beet was calculated 
using the following equation (Nouairi et al., 2021), then converted to units of mg 

per 100 g of fresh weight "FW." 

 

                mi= (Ai.Df .M/ε.l)* (Ve/1000*ms)  

 

Where: 
 mi: quantity of betanin extracted, 

Ai: Sample absorption (L), 

ABetanin= 1.095×( A538−A600) (Skalicky et al., 2020) 

Betanin has its Amax at 538 nm. Measurements at 600 nm were used to correct for 

the presence of impurities.  

M: average molecular mass (550 g.mol-1 for betanin),  

ε: molar extinction coefficient (1120 L.cm-1. mole-1 for betanin) 

l: Cuvette length (1cm) 
Ve: Volume of extract in ml (after extraction),  

ms: mass of red beet used for extraction,  

Df: Dilution factor (1/10). 
 

 

 

Nitrate content 

 
The content of nitrate (NO3

−) ion was conducted following the method proposed 

by (Bahadoran et al., 2016) following ISO 6635,1975a, b, 1984, 2004. 

In order to extract nitrate, portions of 1 to 10 g of fresh red beetroot samples were 
treated with sodium tetraborate, Carrez solutions containing potassium 

hexacyanoferrate (II) trihydrate (Carrez I) and zinc acetate solution (Carrez II). 

After extraction, samples were filtrated on the Whatman filter. Then, a reduction 
of nitrate to nitrite by metallic cadmium was performed. Afterward, sulfanilamide 

chloride and N-(1 -naphthyl) ethylene diamine dihydrochloride were added to the 

filtrate and the red complex obtained was measured spectrometrically at 538 nm. 
 

DPPH Radical Scavenging Assay 

 
The antioxidant activity was assessed by the radical scavenging DPPH method 

with slight modifications (Shakeel et al., 2020). 

Extracts were prepared precisely as "betanin extract" described previously using 
methanol instead of acidified water. Then, aliquotes (0.05, 0.1, 0.15 ml) were 

added to 5ml of a freshly prepared methanolic solution of 1,1-diphenyl-2-

picrylhydrazyl radical (DPPH, 20mg/l) and completed to 10 ml by methanol. The 
mixtures remained at room temperature in the dark for 30 min. A calibration curve 

was prepared with Trolox as the reference standard. Absorbance was recorded at 

517 nm against blank samples lacking scavenger.  
Antioxidant activity was expressed as percent scavenging of DPPH radical, and 

the following formula was used: 

                                             
                         SADPPH (%) = (Abscontrol -Abssample/Abscontrol) x 100 

 

 The IC50, the concentration at which the DPPH radicals were scavenged by 50%, 

was calculated for each case from the curve drawn for the I% of each sample versus 

the corresponding concentrations in mg/ml.  

 
Statistical analysis 

 

One-way analysis of variance (ANOVA) was performed at a significance level of 
5%. Comparison of means followed Tukey test using IBM SPSS STATISTICS 

(25th edition, United States). The analysis of variance (ANOVA) was performed 

according to a randomized complete block design. The Graph Pad Prism7 software 
was used to draw the graphs. 

 

RESULTS  

 

Vegetative growth parameters  

 

According to (Table 2), only the total weight of red beets, the weight and the 

diameter of the bulbs were significantly influenced (p < 0.05) by the type and rate 

of fertilizer added to the soil. At the same time, the other parameters were not 

significantly different at P ≤ 0.05. 

Results reported that almost all treatments significantly increased these three 
parameters, except T5, compared to control plants. Moreover, the highest values 

were scored by those who received only the inorganic fertilizer "T1" and the bio-

organic fertilizer at 20% "T3" and 30% "T4". Cross sections of red beet bulbs 
showed visible differences between bulbs from these three treatments and those 

from treatments T2, T5 and the control T6 (Fig. 2). 
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Figure 2 Cross sections of red beet bulbs from different treatments, 94 days after 

sowing. 

 

The results showed that amendment with 20% BOF and 30% BOF achieved 

statistically the same growth parameters of red beetroots as the inorganic fertilizer. 

The bulb's weight and diameter ranged from 97,94g, 5,889 cm (T3) to 108,22g, 
5,972 cm (T3), respectively.  

These values were higher than those found by (Dlamini et al., 2020) in soils 

amended with cattle manure (80 kg/ha). However (El-Sherbeny and Da Silva, 

2013) reported values more outstanding than our results, which reached a weight 

and a diameter of 134.62 g 7.08 cm, respectively, after a foliar application of 

tyrosine. 

 
Effect of different treatments on protein and total sugar content 

 

Application of different types of fertilizers (BOF and IF) and progressive rates of 
BOF on soil caused a significant change in the protein and total sugar content of 

red beetroot. Results from (Fig. 3) indicated a significant difference in protein and 
total sugar content. T1 provided the highest protein content with a value of 1.767 

g/100g, followed by T3, then T2 and T5 in the third position, and finally, T4 and 

the control crop with the lowest contents of about 1.38 and 1.453 g/100g, 
respectively. Such protein contents are higher than those reported by (Souci et al.. 

2000), which did not exceed 1.05 g/100g. Whereas the report of the United States 

Department of Agriculture USDA (2019) states that red beetroot contains a content 
of 1.61 mg/100g of fresh matter (Akan et al.. 2021). (Szopińska and Gawęda. 

2013) suggested that the high levels of readily available nitrogen in inorganic 

fertilizers lead to increased synthesis of amino acids and proteins, which explains 

the high protein content obtained by the treatment T1. 

 

 

Table 3 Vegetative growth parameters of red beetroot regarding fertilization treatments 

Treatments Root length Shoot length Total weight* 
Leaves 

number 
Bulb weight* 

Bulb 

diameter* 

T1 11.74a ±0.34 33.47a ±1. 09 156.18a±4.14 13.83a ±0. 78 100.67a ±2.84 6.19a ±0.18 

T2 11.7a  ±0.31 31.45a ±0.68 99.36ab  ± 2.21 12.33a ±0.26 56.72ac ±1. 70 4.86ab  ±0.14 

T3 12.32a ±0.84 33.37a ±1.02 166.42a ±5.11 13.89a ±0.28 97.94a ±2.04 5.89a   ±0.18 

T4 12.32a ±0.68 33.81a ±1.23 164.9a ±4.94 13.0a     ±0.38 108.22a ±3.56 5.97a   ±0.18 

T5 12.04a  ±0. 59 29.89a ±0. 96 75.81b ±2.23 11.54a ±0.39 40.78c ±1.20 4.34b  ±0.11 

T6 12.18a ±0.46 30.93a ±0.88 57.33b ±1.60 10.01a  ±0.25 27.89c ±0.57 3.66b  ±0.08 

T1= inorganic fertilizer. T2= 10% of BOF. T3= 20% of BOF. T4= 30% of BOF. T5= 60% of BOF. Values are the mean of 18 replicates. 

mean± standard deviation.  

* Statistically significant compared to control at P≤0.05. Numbers followed by the same letters in the same column are not significantly 
different at P ≤ 0.05 by the Student–Newman–Keuls test. 

 
Figure 3 Protein (left) and total sugar (right) contents regarding fertilization treatments in red beetroot. T1= inorganic fertilizer. T2= 10% of BOF. T3= 20% of BOF. 
T4= 30% of BOF. T5= 60% of BOF. Graph bars marked with different letters at the top represent statistically significant results (P<0.05) based on Tukey's post hoc one-

way ANOVA analysis. 

 
The application of treatments T1, T2, T3 and T6 significantly increased the total 

sugar content of red beetroot compared to T4 and T5 values, which did not exceed 

7.15 and 7.223 g/100g, respectively. The highest total sugar content was obtained 
after fertilization with BOF with a percentage of 20%, which reached about 8.423 

g/100g. (Szopińska and Gawęda, 2013) reported the same findings and showed 

that fertilization with organic fertilizer resulted in higher total sugar levels in red 
beetroot compared to those produced by integrated and conventional cultivation. 

However, this level did not exceed 8.13 g/100g. 

(Rembia\lkowska et al., 2012) confirmed a higher content of total sugars in 
organic fruits and vegetables, mainly carrots, beets, potatoes, spinach, cherries, 

blackcurrants and apples, which contributed to increased technological and sensory 

(taste) quality of organic products. These high sugar levels are explained by the 
slow decomposition of organic and bio-organic fertilizers by microorganisms that 

progressively increase their availability and improve their absorption by the plants. 

 
Effect of different rates of fertilizers on nitrate and betanin contents in red 

beetroot  

 
Based on statistical analysis (Fig. 4), nitrate content was not significantly 

influenced by the type or rate of inorganic and bio-organic fertilizers (p <0.005). 

However, these contents, up to 242.3 mg/100g for T1, are higher than the mean 
nitrate values reported by (Chung et al,. 2011; Rubóczki et al,. 2015; Siomos and 

Dogras. 2000), which did not exceed 137.9, 70.0-85.0, and 44.3-98.1 mg/100g 
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respectively. The high nitrate levels can be explained mainly by the high nitrogen 

concentrations in the soil after fertilization. Despite this, organic red beets contain 

significantly less nitrate than conventional ones. 

High concentrations of betanin content in red beetroot were registered with 

treatments T3, T4, T5 and T6, reaching 19.15, 19.08, 19.43 and 18.85 mg/100g of 

fresh matter “FM," respectively. In comparison, low levels were obtained in red 
beetroot from treatments T1 and T2 with values not exceeding 16.1 and 16.22 

mg/100g of FM, respectively.  

These results are close to the conclusions drawn by (Farouk and Sharawy, 2016) 
on the betanin content of peeled red beetroot, which varied between 23.60 and 

25.37 mg/ 100g FM after the second stage of maturity for biofertilizer and yeast 

fertilizer, respectively. Nevertheless, the high betanin content observed in 8 red 

beet genotypes reported by (Lee et al., 2014) ranged from 50 to 65 mg/ 100g FM, 

which is higher than the values reported in this study.  

The difference between all these values can be explained by the total betalains 

content, which varies considerably among the cultivars and parts of the beet 

analyzed. (Sawicki et al., 2016; Slatnar et al., 2015) proved that the outer layer 
of the beet had the highest betalains level compared to the inner layers.  

 

 

Figure 4 Nitrate (left) and betanin (right) contents regarding fertilization treatments in red beetroot. T1= inorganic fertilizer. T2= 10% of BOF. T3= 20% of BOF. T4= 
30% of BOF. T5= 60% of BOF. Values are the mean of 3 replicates. Means mentioned by the same letters are not significantly different at P ≤ 0.05 based on the Tukey 

test. 

 
Effect of different rates of fertilizers on antioxidant activity in red beetroot  

 

The inhibition concentration, at which the DPPH radicals were scavenged by 50%, 
of red beetroot extract at different rates of BOF is shown in (Fig. 5). Thus, the 

lower the IC50 value, the more effective the antioxidant activity. 

Only a tiny amount of bioorganic red beetroot was necessary to inhibit 50% of the 
free radical (IC50). Therefore, the samples of T5 (16.23mg eq. trolox /ml) and T4 

(17.61 mg eq. trolox / ml) showed lower concentrations to decolorate 50% of 

DPPH (IC50), which means a higher free radical scavenging activity. In general, 
the IC50 value decreased by up to 40, 48 and 52% in favor of T3, T4 and T5 

treatments compared to the inorganic fertilizer. Hence, applying different levels of 

BOF as a soil amendment caused a significant increase in the antioxidant activity 
of red beets compared to the inorganic fertilizer treatment. 

 

 
Figure 5  Free Radical Scavenging Activity by DPPH (IC50) of red beetroots from 

different soil treatments. IC50 = (mg eq. trolox/ml). Values are expressed as means 
in triplicate (n = 3). 

 

It is difficult to compare our results with other data because of different red 
beetroot cultivars or parts (stems, roots, peeled or not) and various standards during 

the analysis. Otherwise, (Carrillo et al., 2019) analyzed the antioxidant capacity 

of red beetroot with three different methods and proved that the organic red 

beetroot significantly increased the total antioxidant capacities compared to the 

conventional samples. 

 

DISCUSSION 

 

The optimal soil pH for red beetroot cultivation ranges from 6.0 to 7.0, and it can 
tolerate alkaline soils with a pH between 9.0 and 10.0 (Kumar et al.,. 2014). While 

(Akan et al.. 2021) confirmed that red beetroot does not tolerate pH values greater 

than or equal to 7.6.  
Based on the results of this experiment, we confirm these statements by recording 

the best growth parameters and nutritional quality of red beetroot in the soil with a 

pH of 7.03, corresponding to the soil treated with 20% BOF (Table 1). In addition, 
we can conclude that acidic soils (60% of BOF ) are unfavorable for the growth of 

red beetroot due to their high ability for cation exchange and components leaching 

phenomenon (Soti et al.. 2015).  

Soil amendment with progressive percentages of BOF revealed no significant 

variation in C/N ratios, which are all under the recommended ratios (Gell et al.. 

2011; Walsh et al.. 2012). Thus, the significant differences observed in the growth 
parameters and nutritional quality of red beet after applying different treatments 

are not influenced by this parameter. 

In general, the application of increasing rates of BOF (less than 60%) increased the 
red beetroot bulbs' diameter and weight. This could be explained by the large 

amounts of macronutrients available in soil (Table 1).  In particular, nitrogen 

(ranged from 1700 to 3200 mg/kg for soils amended with 10 to 40% of BOF) is 
known by its role in the division and elongation of cells, which is therefore 

reflected in root diameter and weight (Sinta and Garo. 2021).  Also, (Sapkota et 

al,. 2021) confirmed that phosphorus (ranging from 93.52 to 240.72 mg/kg for soils 
with 10 to 40% of BOF) stimulates root growth, allowing for better absorption and 

translocation of nutrients.  

Furthermore, soils amended with 10 to 40% of BOF manifested substantial 
amounts of sodium that ranged from 0.69 to 2.63 g/kg. Many studies reported that 

sodium is as crucial as potassium and is necessary for maximum yield and healthy 

plant development (Wakeel, 2013). In contrast, (Nieves-Cordones et al., 2016) 

confirmed that high sodium levels contributed to soil salinity, which limits the 

growth of many plants due to reduced water availability and ion toxicity specific 

to high Na levels. Our findings are consistent with these studies and prove that 
soils with sodium concentrations greater than or equal to 4.78 g/kg had a negative 

influence on the growth parameters of plants. 
Soil nutrients can provide essential substances and energy for the survival of 

various microorganisms in the soil and the growth of crops (Liu et al.. 2021). 

However, excessive fertilization reduces the overall quality of the soil (Shasha et 
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al., 2020). This is due to the release of large amounts of nutrients into the soil and 

the increased uptake of these nutrients by plants (Chontal et al., 2019).  

The study on the toxicity of micronutrients (Havlin et al., 2016) and analyses of 

the soil after amendments by our bio-organic fertilizer at different doses (Table 1), 

allows us to conclude that no micronutrient exceeds the expected value that should 

be contained in the soil. 
The study carried out by (Mengel. 1997) on the influence of Potassium content on 

crop yield, taking into consideration that potassium is the only limiting factor, 

showed that the yield increases with the increase of K supply until the saturation 
of the soil, according to the "Mitscherlich curve" phenomenon. After this value, 

the crop yield starts to decline. This means high K levels in the FBO favor red beet 
growth up to 4388.6 mg/kg soil. 

Our results confirmed that BOFs are essential for maintaining soil health and 

contributing to improving the nutritional properties of plants. This type of fertilizer 
provides necessary nutrients to crops and to the beneficial microorganisms resident 

in the soil, as well as stimulating their activities.   

These conclusions are consistent with the results of other researchers. For example 
(Ye et al.. 2020) found in their recent study that organic tomatoes issued from a 

bio-organic fertilizer inoculated with Trichoderma have higher soluble sugar and 

vitamin C contents with values up to +24% and +57%, respectively, compared to 

those from treatments with 100% of inorganic fertilizer. In another study, (Feng et 

al.. 2020) confirmed a significant increase in vitamin C, vitamin B1, total protein, 

and starch content using a Bacillus megaterium-inoculated BOF compared to the 
control and mineral fertilizer.  

Also, several researches have shown that BOFs inoculated with an efficient 

consortium of microorganisms produced better yields and increased nutrient 
uptake for areca nut (Liu et al., 2023) wheat (Hu and Qi. 2010), soybean (Moretti 

et al., 2020), rice (Javaid. 2011) and cotton (Khaliq et al., 2006) than plants grown 

with non-inoculated fertilizers. (Kang et al., 2015) studied the effect of an ECM 
consisting of Rhodobacter sphaeroides, Lactobacillus plantarum and 

Saccharomyces cerevisiae on the growth and development of cucumber and 

concluded that the combination of these three microorganisms increased cucumber 
growth, nutrient uptake and amino acid content. The increase in productivity and 

quality of crops treated with ECM-inoculated BOFs compared to untreated 

composts is likely due to the accelerated decomposition of organic compounds into 
plant-available nutrients. (Giassi et al., 2016) demonstrated that LABs could 

solubilize phosphate by producing organic acids and that three LAB strains 

isolated from sugarcane ferment can fix atmospheric nitrogen. Furthermore, 
research on the growth-stimulating effect of lactic acid bacteria on pepper showed 

that indole-3-acetic acid produced by LAB is responsible for promoting plant 

growth (Shrestha et al., 2014). Recently, the high phytohormone activity of 
Lactobacillus bacteria was confirmed by detecting Gibberellic acid, which 

stimulates plant growth and development, in wheat coleoptiles (Kutlieva, 2021). 

In comparison, yeasts stimulated plant growth by inhibiting pathogens, producing 
phytohormones and solubilizing phosphate (Nassar et al., 2005). For example, S. 

cerevisiae promoted plant growth under adverse environmental stress conditions 

(Gao et al., 2014). 
Also, (Maroušek et al.. 2017) reported that high nitrogen content in the soil has a 

negative influence on betanin content. Therefore, the low values of betanin content 

might be due to the high nitrogen supply by the different treatments, especially in 
the soil with 60% FBO (Table 1).  

 

The correlation between betanin content and IC50 of red beetroot from different 
treatments was noted. Indeed, the decrease of IC50 was associated with increased 

concentrations of betanin in samples (r = –0.936).  Also, (Acharya et al., 2021; 

Belhadj Slimen et al., 2017; Kusznierewicz et al., 2021) have observed the 
antioxidant activity of the betalains. (Sawicki et al., 2016) found a correlation 

between the red beetroot betalain and betacyanins and the antioxidant activity of 

red beetroot analyzed by the DPPH (r = 0.740 and r = 0.802, respectively). 
Few studies have assessed the influence of bioorganic fertilizers on the antioxidant 

capacity of vegetables (Abdelbaky et al., 2023; Bakhtiari et al., 2020; Sánchez-

García et al., 2022). However, to the best of our knowledge, this is the first study 
to have evaluated the impact of a BOF on the total antioxidant capacity of red 

beetroot. 
 

CONCLUSION 

 
Our present study can confirm the positive effect of bioorganic fertilizer on red 

beetroot by considerably improving its nutritional quality compared to 

crops applied with only inorganic fertilizers. However, the amendment rate by 
BOF should not exceed 30% of the total weight of the soil; otherwise, it will show 

a toxic effect on the development of this type of microorganisms.  

 
Declaration of Competing Interest: The authors declare that they have no known 

competing financial interests or personal relationships that could have appeared to 

influence the work reported in this paper. 
 

Acknowledgment: Special thanks to Mr. Karim EL FAKHOURI for his 

collaboration in the statistical processing of this work. 
 

Funding: No funding was received for conducting this study. 

 

REFERENCES  

 

Abdelbaky, S., Taia, A., Abd El-Mageed, M., Rady, F., El-Saadony, F., 

AbuQamar, A., El-Tarabily, A., Al-Elwany, O. (2023). Bio-organic fertilizers 
promote yield, chemical composition, and antioxidant and antimicrobial activities 

of essential oil in fennel (Foeniculum vulgare) seeds. Scientific reports, 

13(1):13935.https://doi.org/10.1038/s41598-023-40579-7 
Acharya, J., Gautam, S., Neupane, P., Niroula, A. (2021). Pigments, ascorbic acid, 

and total polyphenols content and antioxidant capacities of beet (Beta vulgaris) 
microgreens during growth. International Journal of Food Properties, 24(1), 1175–

1186. https://doi.org/10.1080/10942912.2021.1955924  

Akan, S., Tuna Gunes, N., Erkan, M. (2021). Red beetroot: Health benefits, 
production techniques, and quality maintaining for food industry. Journal of Food 

Processing and Preservation, 45(e15781). https://doi.org/10.1111/jfpp.15781 

Atfaoui, K., Ettouil, A., Fadil, M., Asmaa, O., Inekach, S., Ouhssine, M., Zarrouk, 
A. (2021). Controlled fermentation of food industrial wastes to develop a 

bioorganic fertilizer by using experimental design methodology. Journal of the 

Saudi Society of Agricultural Sciences, 20(8), 544-552. 

https://doi.org/10.1016/j.jssas.2021.06.003 

Bahadoran, Z., Mirmiran, P., Jeddi, S., Azizi, F., Ghasemi, A., Hadaegh, F. (2016). 

Nitrate and nitrite content of vegetables, fruits, grains, legumes, dairy products, 
meats and processed meats. J Journal of the Saudi Society of Agricultural Sciences, 

51, 93–105. https://doi.org/10.1016/j.jfca.2016.06.006 

Mitra, B., Mozafari, H., Karimzadeh, K., Behzad Sani, A., Mirza, M., (2020). Bio-
organic and inorganic fertilizers modify leaf nutrients, essential oil properties, and 

antioxidant capacity in medic savory (Satureja macrantha L.). Journal of Biological 

Research-Bollettino della Società Italiana di Biologia Sperimentale, 93. 
https://doi.org/10.22092/JMPB.2020.122070 

Bamforth, C.W., Cook D.J. (2019). Food, fermentation, and micro-organisms. 

John Wiley & Sons. 
Belhadj Slimen, I., Najar, T., Abderrabba, M. (2017). Chemical and antioxidant 

properties of betalains. Journal of Agricultural and Food Chemistry, 65, 675–689. 

Bremner, J.M., (1965). Total nitrogen Methods Soil Anal Part 2 Chemical and 
Microbiological Properties, 9, 1149–1178. 

https://doi.org/10.2134/agronmonogr9.2.c32. 

Carrillo, C., Wilches-Pérez, D., Hallmann, E., Kazimierczak, R., Rembia\lkowska, 
E.(2019). Organic versus conventional beetroot. Bioactive compounds and 

antioxidant properties . Lwt , 116,108552. 

https://doi.org/10.1016/j.lwt.2019.108552. 
Carter, C.A., Zhong, F., Zhu, J. (2012). Advances in Chinese agriculture and its 

global implications. Applied Economic Perspectives and Policy, 34, 1–36. 

https://doi.org/10.1093/aepp/ppr047. 
Ceclu, L., Nistor, O.V. (2020). Red Beetroot: Composition and Health Effects—A 

Review. Journal of Nutrition and Medecine, 6, 043. https://doi.org/10.23937/2572-

3278.1510043. 
Chevallier, E., Chekri, R., Zinck, J., Guérin, T., Noël, L. (2015). Simultaneous 

determination of 31 elements in foodstuffs by ICP-MS after closed-vessel 

microwave digestion: Method validation based on the accuracy profile. Journal of 
Food Composition and Analysis, 4, 35–41. 

https://doi.org/10.1016/j.jfca.2014.12.024 

Chontal, M.A.H., Collado, C.J.L., Orozco, N.R., Velasco, J.V., Gabriel, A.L., 
Romero, G.L. (2019). Nutrient content of fermented fertilizers and its efficacy in 

combination with hydrogel in Zea mays L. International Journal of Recycling of 

Organic Waste in Agriculture, 8, 309–315. https://doi.org/10.1007/s40093-019-
0248-8 

Chung, S.W., Tran, J.C., Tong, K.S., Chen, M.Y., Xiao, Y., Ho, Y.Y., Chan C.H. 

(2011). Nitrate and nitrite levels in commonly consumed vegetables in Hong Kong. 
Food Additives and Contaminants, 4, 34–41. 

Dlamini, V.C., Nxumalo, K.A., Masarirambi, M.T., Wahome, P.K., Oseni, T.O., 

Zwane, M.G. (2020). Effects of Cattle Manure on the Growth, Yield, Quality and 
Shelf Life of Beetroot (Beta vulgaris L. cv. Detroit Dark Red). Journal of 

Experimental Agriculture International, 42, 93-104. https://doi: 
10.9734/JEAI/2020/v42i130455 

Dubois, M., Gilles, K.A., Hamilton, J.K., Rebers, P., Smith, F. (1956). 

Colorimetric method for determination of sugars and related substances. Analytical 
chemistry, 28, 350–356. 

El-Sherbeny, M.R., Da Silva, J.A.T. (2013). Foliar treatment with proline and 

tyrosine affect the growth and yield of beetroot and some pigments in beetroot 
leaves. Journal of Horticultural Research, 21, 95–99.  https://doi.org/10.2478/johr-

2013-0027 

Farouk, G., Sharawy, H. (2016). Effect of different fertilizers on growth and 
bioconstituents of red beet bulbs during three maturity stages. Advances in 

Environmental Biology, 10, 33–41. Doi 

Feng, N.X., Liang, Q.F., Feng, Y.X., Xiang, L., Zhao, H.M., Li, Y.W., Li, H., Cai, 
Q.Y., Mo, C.H., Wong, M.H. (2020). Improving yield and quality of vegetable 

grown in PAEs-contaminated soils by using novel bioorganic fertilizer. Science of 

the Total Environment, 739, 139883. 
https://doi.org/10.1016/j.scitotenv.2020.139883 

https://doi.org/10.1038/s41598-023-40579-7
https://doi.org/10.1080/10942912.2021.1955924
https://doi.org/10.1111/jfpp.15781
https://doi.org/10.1111/jfpp.15781
https://doi.org/10.1016/j.jssas.2021.06.003
https://doi.org/10.1016/j.jssas.2021.06.003
https://doi.org/10.1016/j.jfca.2016.06.006
https://doi.org/10.22092/jmpb.2020.122070
https://doi.org/10.22092/jmpb.2020.122070
https://doi.org/10.2134/agronmonogr9.2.c32
https://doi.org/10.1016/j.lwt.2019.108552
https://doi.org/10.1093/aepp/ppr047
https://doi.org/10.1093/aepp/ppr047
https://doi.org/10.23937/2572-3278.1510043.
https://doi.org/10.23937/2572-3278.1510043.
https://doi.org/10.1016/j.jfca.2014.12.024
https://doi.org/10.1016/j.jfca.2014.12.024
https://doi.org/10.1007/s40093-019-0248-8
https://doi.org/10.1007/s40093-019-0248-8
https://doi:%2010.9734/JEAI/2020/v42i130455
https://doi:%2010.9734/JEAI/2020/v42i130455
https://doi.org/10.2478/johr-2013-0027
https://doi.org/10.2478/johr-2013-0027
https://www.aensiweb.net/AENSIWEB/aeb/aeb/2016/January/33-41.pdf
https://doi.org/10.1016/j.scitotenv.2020.139883


J Microbiol Biotech Food Sci / Atfaoui et al. 2024 : 14 (2) e10305 

 

 

 

 
7 

 

  

Fu, Y., Shi, J., Xie, S.Y., Zhang, T.Y., Soladoye, O.P., Aluko, R.E. (2020). Red 

Beetroot Betalains: Perspectives on Extraction, Processing, and Potential Health 

Benefits. Journal of Agricultural and Food Chemistry, 68, 11595–11611. 

https://doi.org/10.1021/acs.jafc.0c04241. 

Gao, J., Wang, N., Li, Y., Wang, Y., Wang, G.X. (2014). Influence of 

Saccharomyces cerevisiae on gas exchange and yield attributes in rice under 
drought conditions. Biological agriculture & horticulture, 30, 52–61. 

https://doi.org/10.1080/01448765.2013.845608. 

Gell, K., Van Groenigen, J., Cayuela, M.L. (2011).Residues of bioenergy 
production chains as soil amendments: immediate and temporal phytotoxicity. 

Journal of hazardous materials, 186, 2017–2025. 
https://doi.org/10.1016/j.jhazmat.2010.12.105. 

Giassi, V., Kiritani, C., Kupper, K.C. (2016). Bacteria as growth-promoting agents 

for citrus rootstocks. Microbiological research, 190, 46–54. 
Hadipour, E., Taleghani, A., Tayarani-Najaran, N., Tayarani-Najaran, Z. (2020). 

Biological effects of red beetroot and betalains: A review. Phytotherapy Research, 

34, 1847–1867. https://doi.org/10.1002/ptr.6653. 
Havlin, L., Tisdale, S., Nelson, W., Beaton, J. (2016). Soil fertility and fertilizers. 

(Vol.8). India: Pearson Education. 

Hu, C., Qi, Y. (2010). Effect of compost and chemical fertilizer on soil nematode 

community in a Chinese maize field. European Journal of Soil Biology, 46, 230–

236. https://doi.org/10.1016/j.ejsobi.2010.04.002. 

Nur Sulastri, J., Jawan, R., Chong, K. (2023). The potential of lactic acid bacteria 
in mediating the control of plant diseases and plant growth stimulation in crop 

production-A mini review. Frontiers in plant science 13, 1047945. 

Javaid, A. (2011). Effects of biofertilizers combined with different soil 
amendments on potted rice plants. Chilean Journal of Agricultural Research, 71, 

157-163. 

Kale, R.G., Sawate, A.R., Kshirsagar, R.B., Patil, B.M., Mane, R.P. 
(2018). Studies on evaluation of physical and chemical composition of beetroot 

(Beta vulgaris L.). International Journal of Chemical Studies, 6, 2977‑79. 

Kang, S.M., Radhakrishnan, R. ,You, Y.H., Khan, A.L., Park, J.M., Lee, S.M., 
Lee, I.J. (2015). Cucumber performance is improved by inoculation with plant 

growth-promoting microorganisms. Acta Agriculturae Scandinavica, Section B—

Soil & Plant Science, 65, 36–44. https://doi.org/10.1080/09064710.2014.960889. 
Khaliq, A., Abbasi, M.K., Hussain, T. (2006). Effects of integrated use of organic 

and inorganic nutrient sources with effective microorganisms (EM) on seed cotton 

yield in Pakistan. Bioresource technology, 97, 967–972. 
https://doi.org/10.1016/j.biortech.2005.05.002. 

Kumar, A., Rangaswamy, E., Khanagoudar, S., Sreeramulu, K.R. (2014). Effect of 

microbial inoculants on the nutrient uptake and yield of beetroot (Beta Vulgaris 
L.). Current Agriculture Research Journal, 2, 123-128. 

http://dx.doi.org/10.12944/CARJ.2.2.09. 

Kusznierewicz, B., Mróz, M., Koss-Miko\lajczyk, I., Namieśnik, J. (2021). 
Comparative evaluation of different methods for determining phytochemicals and 

antioxidant activity in products containing betalains–Verification of beetroot 

samples. Food Chemistry, 362, 130132. 
https://doi.org/10.1016/j.foodchem.2021.130132. 

Kutlieva, J. (2021). Gibberellic and indole acetic acids producing features of 

bacteria from the genus lactobacillus and their effect on plant development. Asian 
Journal of Biological and Life Sciences 10, 681-686. 

doi: 10.5530/AJBLS.2021.10.91 

Lee, E.J., An, D., Nguyen, C.T., Patil, B.S., Kim, J., Yoo, K.S. (2014), Betalain 
and betaine composition of greenhouse-or field-produced beetroot (Beta vulgaris 

L.) and inhibition of HepG2 cell proliferation. Journal of agricultural and food 

chemistry, 62(6), 1324–1331. https://doi.org/10.1021/jf404648u. 
Hailin, L., Li, D., Huang, Y., Lin, Q., Huang, L., Cheng, S., Sun, S., Zhu, Z. (2023). 

Addition of bacterial consortium produced high-quality sugarcane bagasse 

compost as an environmental-friendly fertilizer: Optimizing arecanut (Areca 
catechu L.) production, soil fertility and microbial community structure. Applied 

Soil Ecology 188, 104920. https://doi.org/10.1016/j.apsoil.2023.104920. 

Liu, Q., Xu, H., Yi, H. (2021). Impact of Fertilizer on Crop Yield and C: N: P 
Stoichiometry in Arid and Semi-Arid Soil. International journal of environmental 

research and public health, 18(8), 4341. https://doi.org/10.3390/ijerph18084341. 
Ma, L., Zhang, H.Y., Zhou, X.K., Yang, C.G., Zheng, S.C., Duo, J.L., Mo, M.H. 

(2018). Biological control tobacco bacterial wilt and black shank and root 

colonization by bio-organic fertilizer containing bacterium Pseudomonas 
aeruginosa NXHG29. Applied Soil Ecology, 129, 136–144. 

https://doi.org/10.1016/j.apsoil.2018.05.011. 

Maroušek, J., Kolář, L., Vochozka, M., Stehel, V., Maroušková, A. (2017). Novel 
method for cultivating beetroot reduces nitrate content. Journal of Cleaner 

Production, 168, 60–62. https://doi.org/10.1016/j.jclepro.2017.08.233. 

Mengel, K. (1997). Impact of potassium on crop yield and quality with regard to 
economical and ecological aspects. Food Security in the WANA Region, The 

Essential Need for Balanced Fertilization. International Potash Institute, 157–174. 

Moretti, L.G., Crusciol, C.A.C., Bossolani, J.W., Momesso, L., Garcia, A., 
Kuramae, E.E., Hungria, M. (2020). Bacterial Consortium and Microbial 

Metabolites Increase Grain Quality and Soybean Yield. Journal of Soil Science 

and Plant Nutrition 20, 1923‑34. https://doi.org/10.1007/s42729-020-00263-5. 

Murindangabo, Y.T., Kopeckỳ, M., Perná, K., Nguyen, T.G., Konvalina, P., 

Kavková, M. (2023). Prominent use of lactic acid bacteria in soil-plant systems. 

Applied Soil Ecology, 189, 104955. https://doi.org/10.1016/j.apsoil.2023.104955. 

Nassar, A.H., El-Tarabily, K.A., Sivasithamparam, K. (2005). Promotion of plant 

growth by an auxin-producing isolate of the yeast Williopsis saturnus endophytic 

in maize (Zea mays L.) roots. Biology and Fertility of soils, 42, 97–108. 
Navarro, A.F., Cegarra, J., Roig, A., Garcia, D. (1993). Relationships between 

organic matter and carbon contents of organic wastes. Bioresource Technology, 

44, 203–207.https://doi.org/10.1016/0960-8524(93)90153-3. 
Nieves-Cordones. M., Al Shiblawi, F.R., Sentenac, H. (2016).  Roles and 

Transport of Sodium and Potassium in Plants. Metal Ions Life Science, 16, 291–
324. https://doi.org/10.1007/978-3-319-21756-7_9. 

Nouairi, M.E.A., Freha, M., Bellil, A. (2021). Study by absorption and emission 

spectrophotometry of the efficiency of the binary mixture (Ethanol-Water) on the 
extraction of betanin from red beetroot. Spectrochimica Acta Part A: Molecular 

and Biomolecular Spectroscopy, 260, 119939. 

https://doi.org/10.1016/j.saa.2021.119939 
Nowacki, L., Vigneron, P., Rotellini, L., Cazzola, H., Merlier, F., Prost, E., 

Ralanairina, R., Gadonna, J.P., Rossi, C., Vayssade, M. (2015). Betanin-enriched 

red beetroot (Beta vulgaris L.) extract induces apoptosis and autophagic cell death 

in MCF-7 cells. Phytotherapy research, 29, 1964–1973. 

https://doi.org/10.1002/ptr.5491. 

Peng, S.H.T., Hao, T., Kheng, H.C., Halimi, M.S., Yusop, M.R., Geok, H.T. 
(2023). Potential Novel Plant Growth Promoting Rhizobacteria for Bio-Organic 

Fertilizer Production in the Oil Palm (Elaeis guineensis Jacq.) in Malaysia . 

Applied Sciences 13(12). https://doi.org/10.3390/app13127105. 
Petek, M., Toth, N., Pecina, M., Karažija, T., Lazarević, B., Palčić, I., Veres, S., 

Ćustić, M.H. (2019), Beetroot mineral composition affected by mineral and 

organic fertilization. PloS One, 14, e0221767. 
https://doi.org/10.1371/journal.pone.0221767. 

Rembialkowska, E., Zalęcka, A., Badowski, M., Ploeger, A. (2012). The quality 

of organically produced food. Konvalina, UK: Organic Farming and Food 
Production. 

Rubóczki, T., Raczkó, V., Hájos, M.T. (2015). Evaluation of morphological 

parameters and bioactive compounds in different varieties of beetroot (Beta 
vulgaris L. ssp. esculenta GURKE var. rubra L.). International Journal of 

Horticultural Science, 21, 31–35. https://doi.org/10.31421/IJHS/21/3-4./1172. 

Sánchez-García, J., Asensio-Grau, A., García-Hernández, J., Heredia, A., Andrés, 
A. (2022). Nutritional and antioxidant changes in lentil and quinoa induced by 

fungal solid-state fermentation with Pleurotus ostreatus. 9 (1), 1-12. 

https://www.researchsquare.com/article/rs-1418955/latest. 
Sapkota, A., Sharma, M.D., Giri, H.N., Shrestha, B., Panday, D. (2021). Effect of 

Organic and Inorganic Sources of Nitrogen on Growth, Yield, and Quality of 

Beetroot Varieties in Nepal. Nitrogen, 2, 378–
391. https://doi.org/10.3390/nitrogen2030026. 

Sawicki, T., Bączek, N., Wiczkowski, W. (2016). Betalain profile, content and 

antioxidant capacity of red beetroot dependent on the genotype and root part. 
Journal of Functional Foods, 27, 249–261. 

https://doi.org/10.1016/j.jff.2016.09.004. 

Shakeel, A., Khan, A.A., Hakeem, K.R. (2020). Growth, biochemical, and 
antioxidant response of beetroot (Beta vulgaris L.) grown in fly ash-amended soil. 

SN Applied Sciences, 2, 1–9. https://doi.org/10.1007/s42452-020-3191-4. 

Shanmugam, S., Hefner, M., Labouriau, R., Trinchera, A., Willekens, K., 
Kristensen, H.L. (2022). Intercropping and fertilization strategies to progress 

sustainability of organic cabbage and beetroot production. European Journal of 

Agronomy 140, 126590. https://doi.org/10.1016/j.eja.2022.126590 
Shasha, L.U.O., Qiang, G.A.O., Shaojie, W., Lei, T., Qi, Z., Xiujun, L.I., Chunjie, 

T. (2020). Long-term fertilization and residue return affect soil stoichiometry 

characteristics and labile soil organic matter fractions. Pedosphere, 30, 703–713. 
https://doi.org/10.1016/S1002-0160(20)60031-5. 

Shrestha, A., Kim, B.S., Park, D.H. (2014). Biological control of bacterial spot 

disease and plant growth-promoting effects of lactic acid bacteria on pepper. 
Biocontrol Science and Technology, 24, 763–779. 

Da Silva, R.M., Milori, D.M.B.P., Ferreira, E.C., Ferreira, E.J., Krug, F.J., Neto, 
L.M. (2008). Total carbon measurement in whole tropical soil sample. 

Spectrochimica Acta Part B: Atomic Spectroscopy, 63, 1221‑24. 

https://doi.org/10.1016/j.sab.2008.09.003 
Sinta, Z., Garo, G. (2021). Influence of Plant Density and Nitrogen Fertilizer Rates 

on Yield and Yield Components of Beetroot (Beta vulgaris L.). International 

Journal of Agronomy, 2021,1-7. https://doi.org/10.1155/2021/6670243 
Siomos, A.S., Dogras, C.C. (2000). Nitrates in vegetables produced in Greece. 

Journal of vegetable crop production, 5, 3–13. 

https://doi.org/10.1300/J068v05n02_02 
Skalicky, M., Kubes, J., Shokoofeh, H., Tahjib-Ul-Arif, M., Vachova, P., Hejnak, 

V. (2020). Betacyanins and betaxanthins in cultivated varieties of Beta vulgaris L. 

compared to weed beets. Molecules, 25, 5395. 
Slatnar, A., Stampar, F., Veberic, R., Jakopic, J. (2015). HPLC-MSn identification 

of betalain profile of different beetroot (Beta vulgaris L. ssp. vulgaris) parts and 

cultivars. Journal of Food Science, 80, C1952–C1958. 
https://doi.org/10.1111/1750-3841.12977. 

https://doi.org/10.1080/01448765.2013.845608
https://doi.org/10.1016/j.jhazmat.2010.12.105
https://doi.org/10.1002/ptr.6653
https://doi.org/10.1016/j.ejsobi.2010.04.002
https://doi.org/10.1080/09064710.2014.960889
https://doi.org/10.1016/j.biortech.2005.05.002
https://doi.org/10.1016/j.biortech.2005.05.002
http://dx.doi.org/10.12944/CARJ.2.2.09
https://doi.org/10.1016/j.foodchem.2021.130132
https://doi.org/10.1021/jf404648u
https://doi.org/10.1016/j.apsoil.2023.104920
https://doi.org/10.3390/ijerph18084341
https://doi.org/10.1016/j.apsoil.2018.05.011
https://doi.org/10.1016/j.jclepro.2017.08.233
https://doi.org/10.1016/j.jclepro.2017.08.233
https://doi.org/10.1007/s42729-020-00263-5.
https://doi.org/10.1016/j.apsoil.2023.104955
https://doi.org/10.1016/0960-8524(93)90153-3
https://doi.org/10.1007/978-3-319-21756-7_9.
https://doi.org/10.1016/j.saa.2021.119939
https://doi.org/10.1016/j.saa.2021.119939
https://doi.org/10.1002/ptr.5491
https://doi.org/10.3390/app13127105
https://doi.org/10.1371/journal.pone.0221767
https://doi.org/10.1371/journal.pone.0221767
https://doi.org/10.31421/IJHS/21/3-4./1172
https://www.researchsquare.com/article/rs-1418955/latest.
https://doi.org/10.3390/nitrogen2030026
https://doi.org/10.1016/j.jff.2016.09.004.
https://doi.org/10.1007/s42452-020-3191-4.
https://doi.org/10.1016/j.eja.2022.126590
https://doi.org/10.1016/S1002-0160(20)60031-5
https://doi.org/10.1016/S1002-0160(20)60031-5
https://doi.org/10.1016/j.sab.2008.09.003
https://doi.org/10.1016/j.sab.2008.09.003
https://doi.org/10.1155/2021/6670243
https://doi.org/10.1300/J068v05n02_02
https://doi.org/10.1111/1750-3841.12977


J Microbiol Biotech Food Sci / Atfaoui et al. 2024 : 14 (2) e10305 

 

 

 

 
8 

 

  

Soti, P.G., Jayachandran, K., Koptur, S., Volin, J.C. (2015). Effect of soil pH on 

growth, nutrient uptake, and mycorrhizal colonization in exotic invasive Lygodium 

microphyllum. Plant Ecololy, 216, 989–998. 

Souci, S.W., Fachmann, W., Kraut, H. (2000). Food composition and nutrition 

tables. Medpharm GmbH Scientific Publishers. 

Stagnari, F., Galieni, A., Speca, S., Pisante, M. (2014). Water stress effects on 
growth, yield and quality traits of red beet. Scientia Horticulturae, 165, 13–22. 

https://doi.org/10.1016/j.scienta.2013.10.026 

Straus, S., Bavec, F., Turinek, M., Slatnar, A., Rozman, C., Bavec, M. (2012). 
Nutritional value and economic feasibility of red beetroot (Beta vulgaris L. ssp. 

vulgaris Rote Kugel) from different production systems. African Journal of 
Agricultural Research, 7, 5653–5660. 

Syed, S., Wang, X., Prasad, T.N., Lian, L., Bio-organic mineral fertilizer for 

sustainable agriculture: current trends and future perspectives. Minerals, 11. 
https://doi.org/10.3390/min11121336. 

SzéKely, D., Furulyas, D., StéGer-MáTé, M. (2019). Investigation of Mineral and 

Vitamin C Contents in Different Parts of Beetroots (Beta vulgaris L.). Notulae 
Botanicae Horti Agrobotanici Cluj-Napoca, 47, 615–620. 

https://doi.org/10.15835/nbha47311394. 

Szopińska, A.A., Gawęda, M. (2013). Comparison of yield and quality of red beet 

roots cultivated using conventional, integrated and organic method. Journal of 

Horticultural Research, 21, 107–114. https://doi.org/10.2478/johr-2013-0015. 

Wakeel, A. (2013). Potassium–sodium interactions in soil and plant under saline-
sodic conditions. Journal of Plant Nutrition and Soil Science, 176, 344‑354. 

https://doi.org/10.1002/jpln.201200417 

Walsh, J.J., Jones, D.L., Edwards-Jones, G., Williams, A.P. (2012). Replacing 
inorganic fertilizer with anaerobic digestate may maintain agricultural productivity 

at less environmental cost. Journal of Plant Nutrition and Soil Science, 175, 840–

845. 
Wang, L., Li, J., Yang, F., Yaoyao, E., Raza, W., Huang, Q., Shen, Q. (2017). 

Application of bioorganic fertilizer significantly increased apple yields and shaped 

bacterial community structure in orchard soil. Microbial ecology, 73, 404–416. 
https://doi.org/10.1007/s00248-016-0849-y. 

Wu, Y., Zhao, C., Farmer, J., Sun, J. (2015). Effects of bio-organic fertilizer on 

pepper growth and Fusarium wilt biocontrol. Scientia Horticulturae, 193, 114–120. 
https://doi.org/10.1016/j.scienta.2015.06.039. 

Xue, C., Shen, Z., Hao, Y., Yu, S., Li, Y., Huang, W., Chong, Y., Ran, W., Li, R., 

Shen, Q. (2019). Fumigation coupled with bio-organic fertilizer for the suppression 
of watermelon Fusarium wilt disease re-shapes the soil microbiome. Applied Soil 

Ecology, 140, 49–56. https://doi.org/10.1016/j.apsoil.2019.04.007. 

Yanbin, L., Yazheng, J. (2009). Effects of Bio-organic Fertilizer on Yield and 
Starch Content of Potatoes. Crops, (1). 

Ye, L., Zhao, X., Bao, E., Li, J., Zou, Z., Cao, K. (2020). Bio-organic fertilizer 

with reduced rates of chemical fertilization improves soil fertility and enhances 
tomato yield and quality. Scientific reports, 10, 1–11. 

https://doi.org/10.1038/s41598-019-56954-2 

Yousry, M. (2021). Peroxidase Isozyme Activity in Parsley and Celery Using 
Efficient Microbes, Kitchen Wastes and Other Combinations of Bio and Organic 

Fertilizers. Middle East Journal of Agriculture Research, 10, 1063‑79. 

https://doi.org/10.36632/mejar/2021.10.4.72. 
Yuan, J., Ruan, Y., Wang, B., Zhang, J., Waseem, R., Huang, Q., Shen, Q. (2013). 

Plant growth-promoting rhizobacteria strain Bacillus amyloliquefaciens NJN-6-

enriched bio-organic fertilizer suppressed Fusarium wilt and promoted the growth 
of banana plants. Journal of agricultural and food chemistry, 61, 3774–3780. 

https://doi.org/10.1021/jf400038z. 

Zhao, J., Liu, J., Liang, H., Huang, J., Chen, Z., Nie, Y., Wang, C., Wang, Y. 
(2018). Manipulation of the rhizosphere microbial community through application 

of a new bio-organic fertilizer improves watermelon quality and health. PloS One, 

13, e0192967. https://doi.org/10.1371/journal.pone.0192967. 
Zhao, Y., Mao, X., Zhang, M., Yang, W., Di, H.J., Ma, L., Liu, W., Li, B. (2021). 

The application of Bacillus Megaterium alters soil microbial community 

composition, bioavailability of soil phosphorus and potassium, and cucumber 
growth in the plastic shed system of North China ». Agriculture, Ecosystems & 

Environment 307, 107236. https://doi.org/10.1016/j.agee.2020.107236 
 

https://doi.org/10.1016/j.scienta.2013.10.026
https://doi.org/10.3390/min11121336
https://doi.org/10.15835/nbha47311394
https://doi.org/10.2478/johr-2013-0015
https://doi.org/10.1002/jpln.201200417
https://doi.org/10.1007/s00248-016-0849-y.
https://doi.org/10.1016/j.scienta.2015.06.039
https://doi.org/10.1016/j.apsoil.2019.04.007
https://doi.org/10.1038/s41598-019-56954-2
https://doi.org/10.1021/jf400038z.
https://doi.org/10.1371/journal.pone.0192967
https://doi.org/10.1016/j.agee.2020.107236

