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Abstract 
Beans (Phaseolus vulgaris L.) are widely grown in Cameroon and play a key 
role in the fight against food insecurity, malnutrition and poverty. However, 
its cultivation encounters problems due to abiotic and biotic stresses, which 
leads to the use of synthetic fertilizers and pesticides, which cause significant 
damage to the environment and human health due to the presence of syn-
thetics residues in the seeds, pods and in the leaves that are eaten. Promot-
ing the use of natural products is becoming a necessity for organic and 
eco-responsible agriculture that limits contamination problems and improves 
people’s purchasing power. This study aims to assess the effect of biostimu-
lants based on natural products on the growth and nutritional value of 
common bean (Phaseolus vulgaris L.). Bean seedlings from white variety 
(MEX-142) and red variety (DOR-701) were treated every seven days in the 
field from their pre-emergence, emergence and growth to their maturation 
under a randomized block experimental design. Six treatments and three rep-
etitions with the biostimulants based on natural products and controls were 
thus performed and the agromorphological parameters were measured. After 
120 days, the contents of growth biomarkers and defense-related enzymes 
were evaluated in leaves, while the contents of macromolecules, minerals and 
antinutrients were evaluated in seeds. These biostimulants significantly in-
creased (P < 0.0001) agromorphological parameters, induced significant ac-
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cumulation of growth biomarkers (chlorophylls, phenols and proteins) and 
defense-related enzymes (peroxidase, polyphenol oxidase and phenylalanine 
ammonia lyase) in leaves compared to controls (T+ and T−). They also pro-
moted the accumulation of proteins, lipids, total sugars, iron, zinc and a sig-
nificant decrease (P < 0.0001) of antinutrients including oxalates, phytates, 
tannins and saponins in seeds compared to controls (T+ and T−). Treatment 
with biostimulants, in particular BS4, improves the performance of bean 
plants in the field as well as the biofortification of seeds regardless of the vari-
ety. 
 
Keywords 
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1. Introduction 

The bean (Phaseolus vulgaris L.) is a species of annual plant in the family Faba-
ceae, genus Phaseolus, commonly grown as a vegetable and native to Latin and 
Central America [1]. It is considered the most consumed species in the genus 
Phaseolus and among “beans” in the broad sense, due to its high proteins con-
tent (20% - 28% dry product), carbohydrates (46% of the dry product), fibers 
(15% of the dry product), micronutrients (iron and zinc), and its low lipids con-
tent (1.5% of the dry product) [2] [3], important in human nutrition in many 
developing countries. Beans are experiencing renewed interest and improving 
levels of consumption as an important source of proteins for households in Af-
rica due to the outrageous increase in the kg of meat in the markets [4]. In addi-
tion, bean consumption reduces the risk of cardiovascular disease and other ef-
fects such as anti-obesity, anti-oxidants and anti-inflammatory [5].  

Cameroon produces about 390.816 tons of beans per year (17th world pro-
ducer) on an area of 230.000 hectares, i.e. a yield of 870 kg/ha [6]. This pro-
duction is provided by poor small farmers and intended for local, national and 
cross-border consumption [7]. However, this bean production is increasingly 
facing many difficulties related to soil fertility, diseases and pests that affect 
yield, which make its cost more and more high in the markets. 

To this end, farmers have turned to the use of chemical fertilizers in order to 
overcome these difficulties and increase their production yields. However, a lack 
of knowledge on the properties of the soil, and the use of industrial fertilizers 
can affect the long term physico-chemical and microbiological properties of the 
soil [8]. In addition, an abusive use of synthetic agricultural inputs in agriculture 
during the cultivation and conservation of crops leads to adverse effects on the 
environment i.e. as source of water and soil pollution, human health and some-
times the presence of pesticide residues in the seeds [9]. Indeed, this bean culti-
vated in Cameroon is increasingly exported to Europe and is facing a crucial 
problem of pesticide residues that can lead to blocking any export to European 
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Union.  
This is why it is important to adopt eco-responsible agricultural techniques 

that limit the use of synthetic fertilizers and pesticides for organic agricultural 
inputs. Thus, the use of organic agricultural imputs is recommended because it 
reduces the number of residues present in plants, crops and the environment. 
Faced with concerns about growing poverty and the decline in the purchasing 
power of populations in sub-Saharan Africa, it is essential to innovate processes 
such as the biofortification of food through the action of biostimulants. Bioforti-
fication is the process of increasing nutritional value through conventional 
breeding, good agronomic practices or biotechnological modification [10]. 

Recent studies have highlighted the biostimulating action of natural plant-based 
products, in particular Tithonia diversifolia and biological tissues such as clams, 
in improving the agronomic performance of several plants [11]-[14]. These 
products showed positive biofertilizing, biostimulating and preventive biopesti-
cide effects in banana, cocoa and vegetable plants compared to control plants. 
However, they have not been used in beans. This study aims to evaluate the ef-
fect of biostimulants based on natural products on the growth and nutritional 
value of beans (Phaseolus vulgaris L.). 

2. Materials and Methods 
2.1. Biological Materials 

The biological materials used for the realization of this work consisted of the 
seeds of two (02) varieties of bean and (04) biostimulant products. Red bean 
mainly cultivar DOR-701 (small dark red bean commonly called Meringue) and 
white bean mainly cultivar MEX-142 (small white bean) collected at the Agri-
cultural Research Institute for Development (IRAD) of the station multipurpose 
school in Foumbot, a town located in the Noun division, West region of Came-
roon.  

Biostimulant products in particular BS1, BS2, BS3 and BS4 based on natural 
products were provided by the BioTid Research Team of the Laboratory of Plant 
Physiology and Biochemistry (LPBV) of the Higher Teachers’ Training College 
of the University of Yaoundé 1. 

2.2. Chemical Material 

NPK chemical fertilizer (20-10-10) was used as an amendment for the positive 
control treatment (T+) and was purchased at the Mokolo market in Yaoundé 2nd 
district. 

2.3. Methods 
2.3.1. Field Experiment 
The plots were cleared manually and loosened using a pickaxe, then 12 blocks 
were formed using a hoe, the blocks were separated from each other by an in-
terval of 60 cm. The experimental device was that of randomized blocks with 6 

https://doi.org/10.4236/ajps.2024.157035


A. G. Tzeuton et al. 
 

 

DOI: 10.4236/ajps.2024.157035 495 American Journal of Plant Sciences 
 

treatments and 3 repetitions, in non-sterile conditions. The treatments were: 
T− = plot treated with water (negative control). 
T+ = plot treated with NPK 20-10-10 chemical fertilizer (positive control). 
F1 = plot treated with BS1 (based on Tithonia diversifolia + Emilia Coccinea).  
F2 = plot treated with BS2 (based on Tithonia diversifolia + Clams).  
F3 = plot treated with BS3 (based on Sonchus Oleraceus). 
F4 = plot treated with BS4 (based on Urtica sp.). 
The replicates were separated from each other by an interval of 25 cm. 

2.3.2. Sowing and Maintenance 
A good quantity of seeds of the two varieties of beans were soaked in water 24 
hours before sowing, in order to accelerate their germination. Seeds were sown 
manually using a dibbler and 5 seeds were sown in holes of 3 cm deep, at 25 cm 
intervals on the lines and between the lines. Treatments (biostimulants and 
chemical fertiliser) were carried out once a week and watering every two days. 
When the plants reached 15 to 20 cm in height, they were hoeed and the soil 
ridden up to the first two leaves; then every 30 cm, the oars were planted and 
angled inwards then were tied at the top. Thinning took place 14 days after sow-
ing, and weeding took place 30 days after sowing using a hoe. 

2.3.3. Collection of Data 
The effect of the various treatments on the development of the plants was evalu-
ated by taking agronomic parameters every 7 days from the end of the second 
week after sowing and extended over the following 12 weeks until at plant ma-
turity. The agromorphological measurements taken were leaf number, plant size, 
stem diameter, branching number, pH, sunshine, soil humidity and tempera-
ture. After flowering, the number of flowers and pods was counted every two 
days until maturation. 
- The number of sheets was counted by hand. 
- The height of the plant was measured using a tape measure. 
- The ramifications were counted by hand. 
- The diameter of the pod was measured using the vernier caliper. 
- The number of flowers and pods was counted by hand. 
- Soil pH, sunlight, humidity and temperature were measured using a ther-

moprobe (soil survey instrument 4 in 1). 
The maturation of the pods began on the 60th day and on bean plants having 

reached maturity, a good quality of leaves harvested in the different modalities 
were sent to the Laboratory of Plant Physiology and Biochemistry (LPBV) of the 
Higher Teachers’ Training College of the University of Yaoundé 1 for the pur-
pose of analyzes. While the harvested seeds were later sent to the Laboratory of 
Food Sciences and Metabolism (LabSAM) of the University of Yaoundé 1 for 
analysis purposes as well. For each variety, two types of samples were used, 
namely: treated raw beans and control raw beans. All analyses on samples were 
carried out in triplicate. 
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2.3.4. Evaluation of the Effect of Treatments on the Accumulation of  
Biomarkers 

For each treatment 0.5 g of fresh bean leaves was used for sample’s analyses. The 
extraction and quantification of samples were carried out according to the 
method reported by [15]-[22] modified respectively for total chlorophylls (652 
nm), total phenols content (760 nm), total proteins (595 nm), phenylalanine 
ammonia-lyase (290 nm), peroxidase (470 nm), polyphenol oxidases (330 nm). 
The total phenols were measured in mg per g of fresh weight while that of the 
total proteins concentration was expressed in mg equivalent (Eq) of bovine 
serum albumin (BSA) per g of fresh weight (FW). The phenylalanine ammo-
nia-lyase, peroxidase and polyphenol oxidase specific activity were expressed 
in μmol/min/mL. 

2.3.5. Evaluation of the Effect of Treatments on the Nutritional Value of 
the Bean Seed 

For each treatment a mass of 5 g fresh bean was used for sample’s analyses of the 
determination of water and dry matter content carried out according to the 
method reported by [23], while a mass of 0.1 g of dry bean powder was used for 
sample’s analyses of the total nitrogen content that was determined after miner-
alization of the samples according to the Kjeldahl method [24] and monitoring 
of the assay by the method of [25]. The total amount of nitrogen was determined 
by the method [26]. The extraction and quantification of samples were carried 
out according to the method reported by [27]-[29] respectively for total lipids, 
total sugars, iron (Fe) and zinc (Zn) minerals. The dry matter and water content 
were expressed as percentage of fresh matter (g/100g FW), while the total pro-
tein content in the samples were expressed in g/100g dry matter (DM), with the 
conventional coefficient of conversion of nitrogen into protein used, i.e. 6.25 
according to [26]. The total lipids and the total sugars were expressed in g/100g 
of DM, while the mineral content was expressed in mg/100g of dry matter. 

2.3.6. Determination of Antinutrients Content in the Bean Seed 
Bean powder was used to determined the oxalates content (1 g), phytates content 
(2 g), tannins content (1 g) and saponins content (5 g) according to the method 
reported by [30]-[34]. The oxalates, phytates, tannins and saponins content were 
expressed in g/100g of dry matter. 

2.4. Statistical Analysis 

The analysis of variance (ANOVA) was performed using Tukey’s test at the 5% 
probability threshold using XLSTAT software (version 21.0 for Windows) to 
compare the different modalities and make the graphic representations. A 
four-factor ANOVA (modality, variety, day and repetition) was carried out for 
the analysis of agromorphological parameters (diameter and height of the stem, 
number of leaves, branching, flowers, pods) and physicochemical characteriza-
tion of substrates during cultivation, and to two factors (modality and variety) 
for the biochemical analysis of seeds (total proteins, total sugars, total lipids, 
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iron, zinc, oxalates, phytates, tannins, saponins) and leaf extracts of bean (total 
chlorophyll, total phenols, total proteins, peroxidases, polyphenol oxidases and 
phenylalanine ammonia-lyases). The Principal Components Analyzes (PCA) 
were carried out using the Pearson correlation test. 

3. Results 
3.1. Effect of Biostimulants on Bean Growth 

Analysis of variance of agromorphological parameters of bean plants throughout 
this experiment revealed that the variable “modality”, and “day” (of taking the 
measurements) each had highly significant effects (P < 0.0001) on the plant re-
sponses (the height of the plant, the diameter of the stem, the number of leaves, 
the branching, the number of flowers, and the number of pods). The variable 
“variety” and the interaction “modality*variety” showed highly significant effects 
(P < 0.0001) on height, number of leaves, branching, number of flowers and 
number of pods; and the interaction “modality*variety*day” also showed a 
highly significant effect (P < 0.0001) on these parameters except for branching. 
The coefficient of determination (R2) for all the vegetative variables is close to 
100% indicating that the model used is reliable and reproducible (Table 1(A) 
and Table 1(B)). Amongst these variables, the one that most influences plant 
growth in terms of height, diameter, number of leaves, branching, number of 
flowers is the variable “day”, while the variable “variety” is the most influential 
for the number of pods. 
 

Table 1. Analysis of variance of the effects of different biostimulants on the agromorpho-
logical parameters (diameter, number of leaves, branching, height, number of flowers and 
number of pods) in the leaves of bean plants. 

A  
Diameter (cm) Number of leaves Branching 

R2 = 99% R2 = 97% R2 = 95% 

Source df F P F P F P 

Modality 5.000 150.370 0.000 339.847 <0.000 131.706 <0.000 

Variety 1.000 <0.0001 1.000 1646.276 <0.000 527.721 <0.000 

Day 7.000 4859.111 0.000 567.847 <0.000 429.795 <0.000 

Repetition 2.000 <0.0001 1.000 6.993 <0.001 3.220 0.042 

Modality*Variety 5.000 <0.0001 1.000 16.896 <0.000 7.726 <0.000 

Modality*Variety*Day 35.000 6.260 0.000 3.040 <0.000 1.403 0.076 

B 
Height (cm) Number of flowers Number of pods 

R2 = 99% R2 = 90% R2 = 94% 

Source df F P df F P df F P 

Modality 5.000 8.453 <0.000 5.000 75.201 <0.000 5.000 114.023 <0.000 

Variety 1.000 52.109 <0.000 1.000 399.028 <0.000 1.000 991.797 <0.000 

Day 2.000 255.866 <0.000 9.000 148.571 <0.000 5.000 174.637 <0.000 
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Continued 

Repetition 2.000 0.435 0.648 2.000 4.824 <0.009 2.000 6.450 <0.002 

Modality*Variety 5.000 3.804 <0.004 5.000 31.310 <0.000 5.000 29.543 <0.000 

Modality*  
Variety*Day 

10.000 2.821 <0.005 45.000 5.202 <0.000 25.000 6.516 <0.000 

Values in bold correspond to tests so the null hypothesis is rejected with a significant level 
alpha = 0.05. DF is the degree of freedom; F is the F test value and P is the probability. 

 

 
(A) 

 
(B) 

Each bar represents the standard deviations of three repetitions for each modality and the 
letters (a, b and c) represent the means between statistical groups of different modalities 
and between varieties (x and y) according to the ANOVA test P ≤ 0.05). 

Figure 1. Effect of biostimulants on the growth of white bean (Grey) and red bean (Red) 
plants in terms of height (A) and diameter (B) during the experiment.  

 

Plants treated with biostimulants (BS1, BS2, BS3 and BS4) showed higher 
growth in agromorphological parameters (height, stem diameter, number of 
leaves, branching, number of flowers, number of pods) compared to the negative 
control (Figure 1 and Figure 2). However, the modalities that showed the most 
efficiency in terms of rapid increase in height, number of leaves, number of 
branches, number of flowers and pod were the BS2 and BS4 modalities com-
pared with the positive control (T+) (Figure 1 and Figure 2). The number of 
pods was three (03) times greater in the BS2 and BS4 modalities compared to the 
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negative control (T−). A similarity was noted in the increase in stem diameter 
between the treated plants and the positive control (Figure 1(B)). 

Regardless the modality, the number of leaves, branches, flowers and the 
number of pods were greater in red bean plants compared to white bean plants. 
However, the white bean plants were more important in terms of height com-
pared to the red bean plants except for the negative control. The leaves and pods 
of plants treated with biostimulants (BS1, BS2, BS3 and BS4) were larger com-
pared to the negative control (Figure 2). 

 

 
(A) 

 
(B) 

 
(C) 
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(D) 

Each bar represents the standard deviations of three repetitions for each modality and the let-
ters (a, b, c, d et e) represent the means between statistical groups of different modalities and 
between varieties (x and y) according to the ANOVA test P ≤ 0.05). 

Figure 2. Effect of biostimulants on the vegetative growth of white bean (Grey) and red bean 
(Red) plants in terms of number of leaves (A), branching (B), number of flowers (C), number 
of pods (D) during the experiment.  

3.2. Physicochemical Characterization of Substrates 

The analysis of variance (ANOVA) of the physicochemical characteristics of the 
substrates (pH, temperature, insolation and relative humidity) in the field during 
the growth of bean plants revealed that the variables “modality” and “day”, the 
interaction “modality*variety” each had a significant (P < 0.001) effect on soil 
pH and a highly significant (P < 0.0001) effect on field soil temperature (Table 
2). The coefficient of determination R2 for all the variables is close to 100% indi-
cating that the model is reliable and reproducible. Among these variables, the 
one that most influences soil pH was the interaction “modality*variety”, while 
the variable “day” has the most influence on soil temperature (Table 2). 

Low insolation (Low-) and high humidity (Wet+) relative to the soil in the field 
were recorded throughout the experiment. There exists a significant difference 
variation in soil temperature and pH between the treated modalities and the 
control modalities (Figure 3). Overall, the modalities (BS1, BS2, BS3 and BS4) 
improve the soil temperature and pH more than the controls. 
 
Table 2. Analysis of the variance of the evolution of the average pH and average temper-
ature of the bean growth substrate during the experiment. 

  
pH Temperature (°C) 

R2 = 36% R2 = 90% 

Source df F P F P 

Modality 5.000 3.173 <0.009 32.864 <0.000 

Variety 1.000 1.100 0.296 0.949 0.331 

Day 6.000 2.667 <0.016 248.701 <0.000 

Repetition 2.000 4.247 <0.016 9.038 <0.000 
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Continued 

Modality*Variety 5.000 6.741 <0.000 0.822 0.535 

Modality*Variety*Day 30.000 1.207 0.223 2.180 <0.001 

Values in bold correspond to tests so the null hypothesis is rejected with a significant level 
alpha = 0.05. DF is the degree of freedom; F is the F test value and P is the probability. 
 

 
(A) 

 
(B) 

Each bar represents the standard deviations of three repetitions for each modality and 
the letters (a, b and c) represent the means between statistical groups of different mo-
dalities and between varieties (x and y) according to the ANOVA test P ≤ 0.05). 

Figure 3. Evolution of the pH and average temperature of the bean growth substrate 
during in the experiment in the field.  

3.3. Biochemical Characterization of Bean Plant Extracts 

Analysis of variance of biomarkers accumulation in bean leaves revealed that 
overall, the variables “modality” and/or “variety” each had a highly significant 
effect (P < 0.0001) on the content of total chlorophylls, total phenols, total pro-
teins, polyphenol oxidases, peroxidases and phenylalanine ammonia-lyases. The 
coefficient of determination R2 for all the variables was between 89% and 100%, 
indicating thus that the model used was reliable and reproducible (Table 3). 
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There was a highly significant effect of the interaction “modality*variety” (P < 
0.0001) on the accumulation of total chlorophylls, total phenols and de-
fence-related enzymes. Amongst the two variables (“modality” and “variety”), 
the one that most influences the accumulation of total chlorophylls, peroxidases 
and phenylalanine ammonia-lyases was the “modality”, while the variable “vari-
ety” has the most influence on the accumulation of total phenols, total proteins 
and polyphenol oxidases. 
 

Table 3. Analysis of variance of the effects of different biostimulants on the accumulation of 
biomarkers (total chlorophylls, total phenols, total proteins, PPO, POX and PAL) in the leaves 
of bean plants. 

A  

Total chlorophylls 
(mg/g FW) 

Total phenols 
(mg/g FW) 

Total proteins 
(mg/g FW) 

R2 = (97%) R2 = (100%) R2 = (89%) 

Source df F P F P F P 

Modality 5.000 52.425 <0.000 187.492 <0.000 5.815 <0.000 

Variety 1.000 0.017 0.889 703.838 <0.000 54.111 <0.000 

Repetition  2.000 0.3341 0.723 7.587 <0.007 0.645 0.542 

Modality*Variety 5.000 17.537 <0.000 179.113 <0.000 1.926 0.163 

Modality*Variety*Day 10.000 1.405 0.285 0.608 0.781 0.303 0.966 

B  

PPO 
(µmol/min/ml) 

POX 
(µmol/min/ml) 

PAL 
(µmol/min/ml) 

R2 = (99%) R2 = (90%) R2 = (94%) 

Source df F P F P F P 

Modality 5.000 382.850 <0.000 903.897 <0.000 406.507 <0.000 

Variety 1.000 1042.904 <0.000 726.397 <0.000 544.510 <0.000 

Repetition  2.000 2.706 0.107 0.033 0.967 0.002 0.998 

Modality*Variety 5.000 150.575 <0.000 75.497 <0.000 125.280 <0.000 

Modality*Variety*Day 10.000 1.817 0.163 0.054 1.000 0.469 0.880 

Values in bold correspond to tests so the null hypothesis is rejected with a significant level 
alpha = 0.05. DF is the degree of freedom; F is the F test value and P is the probability. 

 

The biostimulant modalities (BS1, BS2, BS3 and BS4) improve very signifi-
cantly overall the accumulation of total chlorophylls, total phenols, total pro-
teins, polyphenol oxidases (PPO), peroxidases (POX) and phenylalanine ammo-
nia-lyase (PAL) in plants compared to controls. The positive control modality 
(T+) improves the accumulation in these biomarkers compared to the negative 
control modality (T−) (Figure 4 and Figure 5). The accumulation of these bi-
omarkers varies from one variety to another. The best accumulation in these 
biomarkers was obtained with the BS4 modality for the white variety and the 
BS3 modality for the red variety. The total phenol content is about 5 times high-
er in the BS4 and BS1 modalities compared to the negative control (T−) of the 
white variety and 2 times higher in this modality compared to the positive con-
trol (T+) of the white variety (Figure 4(B)).  
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(A) 

 
(B) 

 
(C) 

Each bar represents the standard deviations of three repetitions for each modality and the 
letters (a, b, et c) represent the means between statistical groups of different modalities 
and between varieties (x and y) according to the ANOVA test P ≤ 0.05). 

Figure 4. Effect of biostimulants (BS1, BS2, BS3 and BS4) on the accumulation of total 
chlorophyll (A), total phenols (B) and total proteins (C) in the leaves of three months old 
white bean (White) and red bean (Red) plants compared to the negative (T−) and positive 
(T+) controls modalities.  

 

Overall, the PPO, POX and PAL contents were 2 to 3 times higher in the BS3 
modality of the red variety compared to the controls (T+ and T−) and 3 to 4 
times higher in the BS4 modality of the white variety compared to the controls 
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(T+ and T−) (Figure 5(A)-(C)). In the white bean, we can observe a better ac-
cumulation in total phenols, total proteins, PPO, POX and PAL compared to the 
red bean. 
 

 
(A) 

 
(B) 

 
(C) 

Each bar represents the standard deviations of three repetitions for each modality and the 
letters (a, b, c, d et e) represent the means between statistical groups of different modali-
ties and between varieties (x and y) according to the ANOVA test P ≤ 0.05). 

Figure 5. Effect of biostimulants (BS1, BS2, BS3 and BS4) on the accumulation of poly-
phenol oxidase_PPO (D), peroxidase_POX (E) and polyphenol ammonia lyase_PAL (F) 
in the leaves of three months old white bean (White) and red bean (Red) compared to the 
negative (T−) and positive (T+) controls modalities.  
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3.4. Effect of Different Treatments on the Nutritional Value  
of Seeds 

The effect of biostimulants on plant growth and seed filling was found to be very 
significant compared to controls. Indeed, the appearance of the seeds (size, 
shape and color) was different depending on the method of treatment applied 
during growth. The biostimulant BS2 and BS4 were those which presented the 
best seeds respectively for the white and red bean. The yield was also improved 
at the end of the culture with a better yield for the reds treated with BS4, while in 
the whites it was BS2 (Table 4). 
 
Table 4. Total weight of red and white beans in different modalities in g after harvest. 

Variety T− T+ BS3 BS4 BS2 BS1 

Red 35.4 g 93.4 g 97.6 g 110.4 g 103.5 g 95.6g 

White 52.7 g 86.3 g 91.5 g 97.7 g 105.2 g 88.3 g 

 

The analysis of variance (ANOVA) of macronutrients, minerals, and antinu-
trients accumulation in bean seeds showed that the variables “modality” and 
“variety” each had a highly significant effect (P < 0.0001) on the content of dry 
matter, water, proteins, lipids, total sugars, iron, zinc, oxalates, phytates, tannins, 
and saponins. The coefficient of determination R2 for all the variables was be-
tween 96% and 100%, indicating thus that the model used is reliable and repro-
ducible (Table 5). Amongst these variables (“modality” and “variety”), the one 
that most influences the accumulation of macromolecules (proteins, lipids and 
total sugars), minerals (iron and zinc), phytates and saponins was the variable 
“modality”, while that which most influences the accumulation of dry matter, 
water, oxalates and tannins was the variable “variety”.  

 
Table 5. Analysis of the variance of the effects of different biostimulants on the accumulation of dry matter, water, proteins, lipids, 
total sugars, iron, zinc, oxalates, phytates, tannins, and saponins in the white and red bean seeds. 

 
Dry matter  

content (g/100gFW) 
Water content 
(g/100gFW) 

Proteins content 
(g/100g DM) 

Lipids content 
(g/100gDM) 

Total sugars content 
(g/100g DM) 

R2 = (96%) R2 = (96%) R2 = (100%) R2 = (99%) R2 = (100%) 

Source df F P F P F P F P F P 

Modality 5 9.286 <0.001 9.286 <0.001 1983.292 <0.000 162.267 <0.000 1983.292 <0.000 

Variety (V) 1 219.538 <0.000 219.538 <0.000 3313.660 <0.000 204.308 <0.000 3313.660 <0.000 

Repetition 2 0.320 0.732 0.320 0.732 2.182 <0.003 0.096 0.910 2.182 0.156 

Modality*V 5 2.814 0.066 2.814 2.814 433.970 <0.000 19.920 <0.000 433.970 <0.000 

Modality*V*Day 10 0.533 0.837 0.837 0.837 0.327 0.902 0.463 0.884 0.327 0.957 

 
Iron content 

(mg/100g DM) 
Zn content 

(mg/100g DM) 
Oxalates content 

(g/100g DM) 
Phytates content 

(g/100g DM) 
Tannins content 

(g/100g DM) 
Saponins content 

(g/100g DM) 

R2 = (100%) R2 = (100%) R2 = (100%) R2 = (99%) R2 = (100%) R2 = (99%) 
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Continued 

Source df F P F P F P F P F P F P 

Modality 5 2145.871 <0.000 719.414 <0.000 340.945 <0.000 280.290 <0.000 8210.839 <0.000 220.271 <0.000 

Variety (V) 1 2776.663 <0.000 1200.491 <0.000 1484.087 <0.000 198.418 <0.000 216952.273 <0.000 434.772 <0.000 

Repetition 2 0.022 0.978 0.379 0.692 1.934 0.187 3.493 0.064 4.685 <0.031 0.174 0.842 

Modality*V 5 1571.638 <0.000 133.110 <0.000 85.558 <0.000 4.090 <0.021 4579.375 <0.000 9.490 <0.001 

Modality*V*Day 10 0.132 0.998 0.557 0.819 0.862 0.587 0.414 0.914 1.142 0.405 2.140 0.106 

Values in bold correspond to tests so the null hypothesis is rejected with a significant level alpha = 0.05. DF is the degree of free-
dom; F is the F test value and P is the probability. 

 

The dry matter content in red bean seeds treated with BS3 and BS4 was higher 
compared to the controls (T+ and T−) and to the BS1 and BS2 treatments. 
However, regardless of the modality, the dry matter and water content were the 
same in white bean seeds. There was no significant difference between the posi-
tive control modality (T+) and the negative control modality (T−) (Table 6). 
Red bean presents a better dry matter accumulation compared to white bean, 
while water accumulation was higher in white bean compared to red bean re-
gardless the modality.  
 

Table 6. Effect of biostimulants (BS1, BS2, BS3 and BS4) on the accumulation of dry matter and water in bean seeds of three 
months old white bean (White) and red bean (Red) compare to the negative (T−) and positive (T+) controls modalities.  

Variety Content in T− T+ BS1 BS2 BS3 BS4 

Whyte Dry matter 
(g/100g FW) 

92.431 ± 0.271ax 92.762 ± 0.094ax 92.838 ± 0.018ax 92.739 ± 0.104ax 92.762 ± 0.094ax 92.829 ± 0.012ax 

Red 93.147 ± 0.094ay 93.347 ± 0.094ay 93.347 ± 0.094ay 93.426 ± 0.011ay 93.758 ± 0.094by 93.833 ± 0.015by 

Whyte Water 
(g/100gFW) 

7.569 ± 0.271ax 7.238 ± 0.094ax 7.162 ± 0.018ax 7.261 ± 0.104ax 7.238 ± 0.094ax 7.171 ± 0.012ax 

Red 6.853 ± 0.094by 6.653 ± 0.094by 6.653 ± 0.094by 6.574 ± 0.011by 6.24 ± 0.094ay 6.167 ± 0.015ay 

The superscript values of different letters in the same line are significantly different (P < 0.05). 
 

The accumulation of total proteins, lipids and sugars in bean seeds treated 
with biostimulants (BS1, BS2, BS3 and BS4) was greater compared to controls. 
The positive control modality (T+) improves the accumulation of these macro-
molecules more than the negative control modality (T−) (Table 7). Proteins 
content nearly doubled in BS3 and BS4 treated bean seeds compared to controls. 
While the lipids content was higher in bean seeds treated with BS1 compared to 
controls. The accumulation of total sugars was twice as high in the bean seeds 
treated with BS3 and BS4 compared to the controls (Table 7). The white bean 
has a higher content of total proteins and lipids in the seeds compared to the red 
bean. On the other hand, the total sugars content was higher in red beans com-
pared to white beans (Table 7). Overall, BS3 and BS4 were the modalities that 
accumulated more macromolecules in bean seeds compared to BS1 and BS2 
modalities and control modalities.  
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Table 7. Effect of biostimulants (BS1, BS2, BS3 and BS4) on the accumulation of macromolecules: (proteins, lipids and total sug-
ars) in bean seeds of three months old white bean (White) and red bean (Red) compare to the negative (T−) and positive (T+) 
controls modalities. 

Variety 
Macromolecules 

content 
T− T+ BS1 BS2 BS3 BS4 

White Total Proteins 
(g/100g DM) 

15.631 ± 0.257ax 17.758 ± 0.270bx 23.594 ± 0.243dx 20.711 ± 0.163cx 24.068 ± 0.129ex 27.341 ± 0.140fx 

Red 14.267 ± 0.126ay 15.488 ± 0.125by 19.348 ± 0.121dy 18.183 ± 0.281cy 21.536 ± 0.153ey 22.850 ± 0.145fy 

White Total lipids 
(g/100g DM) 

3.836 ± 0.010ax 4.205 ± 0.014bx 5.062 ± 0.091ex 4.618 ± 0.009cx 4.973 ± 0.008ex 4.808 ± 0.013dx 

Red 3.651 ± 0.082ay 4.086 ± 0.023by 4.171 ± 0.053by 4.280 ± 0.006by 4.610 ± 0.082cy 4.542 ± 0.079cy 

White Total sugars 
(g/100g DM) 

25.478 ± 0.321bx 23.659 ± 0.001ax 35.705 ± 0.321dx 34.114 ± 0.321cx 36.614 ± 0.001ex 38.205 ± 0.321fx 

Red 27.296 ± 0.321ay 30.478 ± 0.001by 40.478 ± 0.321dy 38.660 ± 0.001cy 57.069 ± 0.557ey 61.160 ± 0.964fy 

The superscript values of different letters in the same line are significantly different (P < 0.05). 
 

Bean plants treated with biostimulants (BS1, BS2, BS3 and BS4) significantly 
improve minerals accumulation (iron and zinc) in bean seeds. However, the BS3 
modality increases the accumulation of these minerals much more compared to 
the controls. The iron content in bean seeds treated with BS3 was approximately 
twice that of the negative control. The positive control modality (T+) improves 
the accumulation of these minerals more than the negative control modality 
(T−) (Table 8). The mineral content (iron and zinc) also varies from variety to 
variety. It was higher in white beans compared to red beans.  
 

Table 8. Effect of biostimulants (BS1, BS2, BS3 and BS4) on the accumulation of Iron (A) and Zn (B) in bean seeds of three 
months old white bean (White) and red bean (Red) compare to the negative (T−) and positive (T+) controls modalities. 

White Mineral content T− T+ BS1 BS2 BS3 BS4 

White Iron  
(mg/100g DM) 

9.457 ± 0.037dy 7.887 ± 0.012ay 8.327 ± 0.069by 10.947 ± 0.029ey 12.120 ± 0.106fy 8.717 ± 0.029cy 

Red 10.640 ± 0.114cx 10.680 ± 0.033cx 13.897 ± 0.021dx 7.860 ± 0.008ax 14.737 ± 0.021ex 9.067 ± 0.037bx 

White Zn  
(mg/100g DM) 

2.950 ± 0.049bcy 3.513 ± 0.026dy 3.027 ± 0.005cy 2.510 ± 0.008ay 3.623 ± 0.009ey 2.907 ± 0.021by 

Red 3.007 ± 0.021ax 3.667 ± 0.012cx 3.553 ± 0.012bx 3.067 ± 0.021ax 3.727 ± 0.012cx 3.673 ± 0.031cx 

The superscript values of different letters in the same line are significantly different (P < 0.05). 
 

Globally, the positive control modality (T+) increases highly significantly ac-
cumulation of antinutrients (oxalates, phytates, tannins and saponins) in bean 
seeds compared to biostimulant modalities (BS1, BS2, BS3 and BS1). The accu-
mulation of these antinutrients differs from variety to variety. The phytates con-
tent was approximately twice as high in the seeds of the positive control com-
pared to the seeds of BS2, while the tannin content was three times higher in the 
positive control compared to BS4 and twice as high compared to BS3. The sapo-
nin content was half as high in the bean seeds treated with BS2 compared to the 
positive control. The positive control modality (T+) also increases highly signif-
icantly the accumulation in these antinutrients compared to the negative control 
modality (T−) (Table 9). The content of oxalates, tannins, and saponins was 
higher in red beans compared to white beans, while the phytates content was 
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higher in white beans compared to red beans (Table 9). However, regardless the 
modality, the seeds of the positive control (T+) are those which present more 
accumulation in these antinutrients (oxalates, phytates, tannins and saponins).  
 

Table 9. Effect of biostimulants (BS1, BS2, BS3 and BS4) on the accumulation of oxalates (A), phytates (B), tannins (C) et sapo-
nins (D) in bean seeds of three months old white bean (White) and red bean (Red) compare to the negative (T−) and positive (T+) 
controls modalities. 

Variety 
Antinutriments 

content 
T− T+ BS1 BS2 BS3 BS4 

White Oxalates  
(g/100g DM) 

0.161 ± 0.000bx 
0.201 ± 0.001ex 
0.205 ± 0.001cy 
2.669 ± 0.070ex 
2.274 ± 0.055dy 
0.023 ± 0.001ex 
0.169 ± 0.000fy 
0.856 ± 0.032dx 

0.167 ± 0.003cx 
0.190 ± 0.001dx 
0.198 ± 0.001by 
1.463 ± 0.016ax 
1.257 ± 0.018ay 
0.010 ± 0.000bcx 
0.100 ± 0.000cy 
0.335 ± 0.065bx 

0.157 ± 0.000abx 
0.195 ± 0.001by 
2.253 ± 0.042dx 
1.994 ± 0.027cy 
0.009 ± 0.001abx 
0.081 ± 0.001by 
0.376 ± 0.033bx 

0.156 ± 0.000ax 

Red 0.188 ± 0.003ay 0.197 ± 0.002by 0.183 ± 0.000ay 

White Phytates  
(g/100g DM) 

1.616 ± 0.075bx 1.853 ± 0.070cx 2.197 ± 0.035dx 

Red 1.203 ± 0.063ay 1.451 ± 0.034by 2.025 ± 0.071cy 

White Tannins  
(g/100g DM) 

0.016 ± 0.001dx 0.011 ± 0.000cx 0.007 ± 0.000ax 

Red 0.107 ± 0.001ey 0.102 ± 0.001dy 0.057 ± 0.000ay 

White Saponines  
(g/100 DM) 

0.135 ± 0.033ax 0.657 ± 0.066cx 0.616 ± 0.033cx 

Red 0.538 ± 0.033ay 1.063 ± 0.034dy 1.023 ± 0.032cdy 0.459 ± 0.033ay 0.704 ± 0.033by 0.934 ± 0.038cy 

The superscript values of different letters in the same line are significantly different (P< 0.05). 
 

The white bean Principal component analysis (PCA) shows that the first two 
principal components explain respectively 51.42% and 29.00% of the total vari-
ance and define a plan allowing more than 80.43% of the variabilities to be taken 
into account (Figure 6(A)). Macromolecules (proteins, lipids and total sugars) 
are strongly positively correlated with each other as well as with BS1 and BS2. 
Iron is strongly positively correlated with BS1 and moderately with zinc and dry 
matter. Tannins and oxalates are strongly negatively correlated with the positive 
control (T+) and inversely negatively correlated with phytates and saponins. The 
water content is strongly negatively correlated with the negative control (T−). 
The positive control modality (T+) accumulates more antinutrients and the 
modality (BS4 and negative control T−) accumulates them less. The dissimilarity 
of nutrients and antinutrients of white beans in the different modalities shows 
that nutrients are accumulated more in BS2 and BS3 modalities, followed by BS1 
(Figure 6(B)). The red beans PCA shows that the first two principal components 
explain respectively 53.26% and 26.09% of the total variance and define a plan 
allowing more than 79.34% of the variabilities to be taken into account (Figure 
7(A)). There is a strong positive correlation between the contents of lipids, dry 
matter, proteins and total sugars as well as the BS1 and BS2 modalities. Iron is 
moderately positively correlated with macromolecules (lipids, proteins, total 
sugars) and dry matter. Tannins and oxalates are strongly negatively correlated 
with each other and with the positive control (T+). The water content is strongly 
negatively correlated with the negative control and inversely negatively corre-
lated with the saponins, phytates and zinc contents. The control modalities (T+ 
and T−) accumulate them less compared to BS3 and BS4. The accumulation of 
antinutrients such as tannins and saponins is greater in the positive control mo-
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dality. The dissimilarity of nutrients and antinutrients of red beans in the dif-
ferent modalities shows that nutrients are accumulated more in BS1 and BS2 
modalities (Figure 7(B)). 
 

 
(A) 

 
(B) 

The PCA gives the positive or negative correlations, but also the strength of the correlation that exists between 
these variables at the 5% threshold. 

Figure 6. Effect of biostimulants on the accumulation of macromolecules, minerals and antinutrients in the seeds 
of white bean treated with the different modalities: (A) Principal Component Analysis (PCA); (B) Dendrogram 
of distribution.  
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(A) 

 
(B) 

The PCA gives the positive or negative correlations, but also the strength of the correlation that exists between these vari-
ables at the 5% threshold. 

Figure 7. Effect of biostimulants on the accumulation of macromolecules, minerals and antinutrients in the seeds of red 
bean treated with the different modalities: (A) Principal Component Analysis (PCA); (B) Dendrogram of distribution.  

 

Principal component analysis (PCA) of all white and red bean agromorpho-
logical responses (plant height, stem diameter, number of leaves, branches, 
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number of flowers, number of pods, total chlorophylls, total phenols, total pro-
teins, PPO, POX, PAL) as well as the physicochemical parameters of the sub-
strates during plant growth (pH and temperature) and the content of macro-
molecules, minerals and antinutrients in the seeds of these plants revealed that 
there is a strong negative correlation between growth biomarkers (total chloro-
phylls, total phenols, total proteins) and defense biomarkers (POX, PAL, PPO) 
in white bean leaves (Figure 8(A)). Moreover, they are strongly negatively cor-
related with plant height, plant diameters and the content of minerals (iron and 
zinc), proteins, lipids, water in seeds and modalities BS1, BS2 and BS3. A strong 
positive correlation was observed between the contents of antinutrients (sapo-
nins, oxalates and tannins) and between agromorphological parameters (number 
of leaves, pods, branches, flowers). The total sugars content of the seeds is weak-
ly positively correlated with the dry matter content and the BS2 and BS3 modali-
ties of the white variety. Physicochemical parameters (pH and soil temperature) 
are weakly positively correlated with biomarkers of white bean growth and de-
fense.  
The dissimilarity of parameters (agromorphological and physicochemical), 
growth and defense biomarkers, as well as dry matter, water, minerals and an-
tinutrient contents of white and red beans shows that in red beans, BS1 and BS2 
are the best modalities followed by BS3, BS4 and finally the positive control (T+) 
which accumulates more antinutrients (Figure 8(B)). Whereas for white beans, 
BS2 and BS3 are the best modalities followed by BS1 and BS4 and finally the 
positive control (T+). 
 

 
(A) 
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(B) 

The PCA gives the positive or negative correlations, but also the strength of the correlation that exists between these 
variables at the 5% threshold. 

Figure 8. Effect of biostimulants on agromorphological parameters as well as on the accumulation of macromolecules, 
minerals and antinutrients in the seeds of white and red bean treated with the different modalities: (A) Principal Com-
ponent Analysis (PCA); (B) Dendrogram of distribution.  

4. Discussion 

The growth of bean plants in both varieties (white and red) was significantly 
improved by the biostimulants (BS1, BS2, BS3 and BS4) compared to the nega-
tive control. It results in an increase in agromorphological parameters such as 
the height of the plant, the diameter of the stem, the number of leaves, the 
branching, the number of flowers and pods. However, these agromorphological 
parameters are much more significant overall in the BS2 and BS4 modalities 
compared with the positive control having received the chemical fertilizer NPK. 
These results would be due to the stimulant action of biostimulants which have 
the capacity to improve the nutritional efficiency, the tolerance to abiotic stress 
and/or the quality characteristics of the crop, regardless its nutrient content [35]. 
Our results corroborate those of previous studies on the promotion of the 
growth of plantain PIF seeds [36]. 

The physicochemical characterization of the substrates (pH, temperature, in-
solation and relative humidity) in the field during the growth of the bean plants 
revealed that the different biostimulants varied significantly the pH of the soil 
and very significantly increased its temperature, with a low insolation (Low−) 
and high relative humidity (Wet+) of the soil. These results could be linked to the 
qualitative modification of soil microbial communities (new balances) resulting 
in an increase in their activity and the strengthening of plant-microorganism in-
teractions [37]. 

The different biostimulants effectively influence the accumulation of signifi-
cant amounts of total chlorophylls, total phenols, total proteins, as well as de-
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fense-related enzymes such as polyphenol oxidases, peroxidases, and phenylala-
nine ammonia-lyases in the leaves of plants beans compared to controls. These 
results could be due to the stimulating and fertilizing action provided by the 
constituents contained in the biostimulants. These results are in agreement with 
those of previous studies on the increase in the level of nutrients and defense 
metabolites, in particular proteins, total phenols, peroxidases and polyphenol 
oxidases, phenylalanine ammonia-lyases [12] [14]. The involvement of defense 
biomarkers has been demonstrated in the defense mechanisms of banana tissues 
[38]. These biomarkers seem to intervene at different levels in the physiological 
and biochemical processes of the plant. An increase production of chlorophylls 
is assimilated to a better growth of the plants because it allows thanks to photo-
synthesis, the production of the various basic molecules such as proteins. Pro-
teins are part of the macroelements with various roles in plants (structural, re-
serve, energy). As a result, their accumulation would allow better development 
and better defense of plants. The pool high in total phenols is also comparable to 
better growth because they participate to many physiological processes such as 
cell growth, rhizogenesis, seed germination and fruit maturation [39] although 
they intervene also in the management of abiotic and biotic stress.  

The different biostimulants BS3 and BS4 effectively improve the accumulation 
of dry matter in red bean seeds compared to controls. However, regardless of the 
modality, the dry matter content is the same in white bean seeds. These results 
could be related to nitrogen fertilization which increases the total dry biomass of 
plants at the fruiting stage. Indeed, when the nitrogen supply is low, the produc-
tion of dry matter is lower, in particular in the leaves, which affects the produc-
tion of photo-assimilates and their distribution towards the reproductive organs. 
Additionally, nitrogen is one of the most important nutrients for plant growth as 
it affects dry matter accumulation in many legume species [40]. 

Water content was significantly decreased in BS3 and BS4 treated red bean 
seeds compared to controls. However, this water content is the same in white 
bean seeds regardless of modality. These results could be due to the fact that, the 
water content varies mainly according to the variety, but also depends on the 
cultivation techniques, and the physiological age of the plant [41]. The low water 
content of the bean indicates that it is a food whose conservation can be done 
easily and for a long period [2]. 

The biostimulants (BS1, BS2, BS3 and BS4) globally significantly increase the 
accumulation of macromolecules (proteins, lipids and total sugars) in the bean 
seeds compared to the controls. This strong accumulation of macromolecules 
could result from a better bioavailability of the elements necessary for their syn-
thesis in the plant thanks to the stimulating and fertilizing action provided by 
the constituents contained in the biostimulants [14]. These results are in agree-
ment with those of previous studies on the increase in the nutritional value of 
tomato fruit [42].  

White bean seeds had higher protein contents compared to red bean seeds. 
The biostimulants (BS1, BS2, BS3 and BS4) allow the biofortification of bean 
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seeds compared to controls. The high protein contents obtained in our study 
show that beans (white and red) are a good source of proteins and would never-
theless constitute a good staple food to meet the protein needs of children and 
other groups of individuals. The low lipid content in beans (white and red) could 
be used in the management of cardiovascular diseases (obesity, overweight, high 
blood pressure). While the high values of total sugars would make beans an ideal 
energy supply food. 

The different biostimulants significantly improve overall mineral accumula-
tion (iron and zinc) in white and red bean seeds compared to controls. These 
results could be linked to the stimulation of microbial activity in the soil by bi-
ostimulants allowing an increase in the minerals content in the plant [37]. These 
results are in agreement with those of a previous study on the increase in the 
concentration of iron and zinc in red pepper treated with biostimulants [43]. 

The accumulation of antinutrients (oxalates, phytates, tannins and saponins) 
decreased considerably in bean seeds treated with biostimulants globally com-
pared to the positive control. However, the phytate and saponin contents are 
higher in the BS1, BS3 and BS4 modalities compared to the negative control. 
These results could be explained by the pool high in total phenols in the plants 
assimilated to better growth because they participate to many physiological pro-
cesses such as cell growth, rhizogenesis, seed germination and fruit maturation 
[39]. When consuming foods of plant origin, antinutrients interfere with the di-
gestion of nutrients and reduce their nutritional intake, causing many adverse 
effects within an organism [44]. However, the reduction to low concentrations of 
these antinutrients improves the nutritional quality of the bean. Various pro-
cesses applied to beans such as fermentation, sprouting, roasting, soaking and 
cooking improve the nutritional quality of beans while lowering their antinutri-
ents content [45]. 

Regardless of the modality, the antinutrient contents in white and red bean 
seeds were below the toxicity limits although these levels were higher in the pos-
itive control bean seeds. 

The oxalate levels in the seeds were well below the toxicity limit which is 2 to 5 
g/day [46]. Those of phytates were also lower than the toxicity limit which is 
2000 - 2600 mg/day for a vegetarian diet and 150-1400 mg/day for a mixed diet. 
As well as the tannin levels in the seeds below the toxicity limit which is 560 
mg/day [47]. 

5. Conclusion 

At the end of this study, it appears that these biostimulant products significantly 
improve the agromorphological parameters, the physicochemical properties of 
the soil, the accumulation of growth biomarkers and defense-related enzymes 
(BS2 and BS4), but also accumulation of macromolecules (total proteins, sugars 
and lipids), minerals (iron and zinc) and reduction of antinutrients (oxalates, 
phytates, tannins and saponins) in seeds (BS4). Because of this, they can be used 
in agriculture to increase plant biofortification, increase production at lower cost 
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and reduce the use of synthetic products which are toxic and expensive for 
eco-responsible agriculture. 
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