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ABSTRACT
Objective: Due to the importance of bean in human consumption, vegetative development and seed yield 
of Negro Veracruz beans were evaluated using a nutrient solution with different magnetization times in 
combination with different pH levels.
Design/Methodology/Approach: The experimental design used was completely randomized with a 46 
factorial arrangement with three replications. 24 treatments of the combination of four magnetization times 
and six degrees of acidity of the nutrient solution were evaluated. The variables evaluated were vegetative 
development and yield components. The results were subjected to an analysis of variance and media separations 
were performed using Tukey’s test (0.05).
Results: The magnetization and the degree of acidity of the nutrient solution significantly influenced the 
variables. The most outstanding treatments were 2 and 24 hours of magnetization in combination with 
pH values   of 4 and 5, for most of the variables of vegetative development and evaluated yield components. 
The magnetization treatments of 2 h together with pH values   of 4 and 5 increased height, biomass, days to 
flowering, number of pods, harvest index and seed yield.
Study Limitations/Implications: Care should be taken that exposure to the magnetic field at high intensities 
may produce adverse effects on growth and development.
Findings/Conclusions: It is concluded that an appropriate combination of magnetization time and degree of 
acidity of the nutrient solution improves vegetative development and yield.

Keywords: Phaseolus vulgaris L, magnetization, acidity, biomass, production.

INTRODUCTION
 Bean (Phaseolus vulgaris L.) is the most important legume for human consumption, rich 
in bioactive components such as enzyme inhibitors, lectins, phytates, oligosaccharides, 
phenolic, and anti-mutagenic and anti-proliferative properties (Suárez-Martínez 
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et  al., 2016). In Mexico, the per capita consumption of bean is approximately 9.8 
kilograms (SAGARPA, 2015), and currently 82% of the needs are covered by domestic 
production while the rest comes from imports from the United States, Canada and 
China (SAGARPA, 2017). Likewise, studies by Gilani et al. (2017) indicate that there is a 
relationship between magnetized water and pH values, as well as the electric conductivity 
of water with pH adjustment. On the other hand,  Hassan et al. (2019) mention that 
there are significant increments in the pH when the water is treated ionically with 
magnets in different intensities, forming alkaline molecules and decreasing the acidity. 
According to Amor et al. (2018), the pH increased slightly through time with the use of 
four magnets of different intensities, and after the magnets were withdrawn the initial 
pH was reestablished. The pH of water is varied, depending on the intensity of the 
magnetic field and the time of exposure; the changes in pH are electrochemical reactions 
that result from electric currents generated by the Lorentz force (Gatard, Deseure and 
Chatenet 2020; He et al., 2022).Therefore, the objective of the study was to determine 
the vegetative development and the bean seed yield using nutritional Steiner solution 
subjected to different magnetization times in combination with different pH levels, under 
greenhouse conditions.

MATERIALS AND METHODS
 The experiment was conducted in February 2019, in the greenhouse of Universidad 
Autónoma Agraria Antonio Narro Unidad Laguna, located in the city of Torreón, 
Coahuila, with geographical coordinates 25° 31ʼ 11” North and 103° 25ʼ 57” West, and 
1123 masl.  The climate according to Köppen modified by García (2004) is warm desert, 
type BWh, with maximum temperature of 40 °C and minimum of 6 °C, with mean rainfall 
of 250 mm.

Treatments and experimental design
 Twenty-four (24) treatments were evaluated resulting from the combination of four 
magnetization times (Factor A: 0, 0.333, 2.0 and 24.0 hours per day) and six degrees of 
acidity (Factor B: pH of 3, 4, 5, 6, 7 and 8) of the nutritient solution in bean (Table 1). The 
experimental design was completely randomized with factorial arrangement 46 with 
three replications. These treatments began when the plants presented the simple unfolded 
leaves. The experimental unit consisted of one plant (López-Pérez et al., 2019). 

Development of the experiment
 The variety Negro Veracruz from the INIFAP national bean program, liberated in 
1980, was used. The seeds were disinfected with sodium hypochlorite at 4% (Espinosa-
Palomeque et al., 2019), submerging them for three minutes. Then, they were transplanted 
to pots with different treatments of the nutrient solutions in greenhouse conditions. 
Circular plastic containers with capacity of 5 liters were used. Aeriation was provided by a 
120 W turbine, Hailea brand, model VB290G.
 The chemical and physical properties of water, based on the laboratory analysis 
were the following: in microelements, Iron (Fe3) 0, Zinc (Zn) 0.02, Copper (Cu) 0.03, 
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Manganese (Mn) 0.01, Boron (B) 0.99; in cations (), Sodium (Na) 120, Potassium 
(K) 13.0, Calcium (Ca) 288, Magnesium (Mg) 29.0; in anions (), nitrates (NO3) 23.03, 
Phosphorus (phosphates) 0.080, Dihydrogen phosphorus (H2PO4) 0.250, Sulfate (SO4) 
643.6, Carbonates (CO3) 0, Bicarbonates (HCO5) 170.83, Chlorides (Cl) 198.52; physical 
parameters, pH 7.80, electric conductivity (mS/cm) 2.21, rate of sodium absorption 1.80, 
and interchangeable sodium percentage 0.38%.
 A potentiometer brand Hanna HI98130 was used for the pH readings. Magnets 
were used that were 2.5 cm long, 2.0 cm diameter, cylindrical, made from an alloy of 
neodymium, Iron and Boron, with lining of Chromium, Nickel and Copper, to magnetize 
the water, of the Obi brand, model 255590. The magnets were placed with an upwards 
direction (extreme North) and downwards (extreme South) (extreme Sur) (Zhang et  al., 
2017), which presented an intensity of 0.380 Tesla. To measure the magnetic field of the 
magnets, a portable Gauss meter and biomagnetism polarity detector were used (Zhang 
et al., 2017). 

Variables evaluated
 The phenological variables were recorded since sowing, using the methodology 
proposed by Escalante and Kohashi (2015): total biomass (TB, obtained when harvesting 
and determining the dry weight of the roots and the aerial biomass of plants); days to 

Table 1. Magnetization treatments and pH in the nutrient solution in black bean 
developed in a hydroponic system in greenhouse.

Factor A: Factor B: Treatments
Tm1: 0

Tm2: 0.333

Tm3: 2.0

Tm4: 24.0

pH1: 3

pH2: 4

pH3: 5

pH4: 6

pH5: 7

pH6: 8

 1   Tm1 pH1: 0 hours  pH de 3
 2   Tm1 pH2: 0 hours  pH de 4
 3   Tm1 pH3: 0 hours  pH de 5
 4   Tm1 pH4: 0 hours  pH de 6
 5   Tm1 pH5: 0 hours  pH de 7
 6   Tm1 pH6: 0 hours  pH de 8
 7   Tm2 pH1: 0.333 hours  pH de 3
 8   Tm2 pH2: 0.333 hours  pH de 4
 9   Tm2 pH3: 0.333 hours  pH de 5
10 Tm2 pH4: 0.333 hours  pH de 6
11 Tm2 pH5: 0.333 hours  pH de 7
12 Tm2 pH6: 0.333 hours  pH de 8
13 Tm3 pH1: 2.0 hours  pH de 3
14 Tm3 pH2: 2.0 hours  pH de 4
15 Tm3 pH3: 2.0 hours  pH de 5
16 Tm3 pH4: 2.0 hours  pH de 6
17 Tm3 pH5: 2.0 hours  pH de 7
18 Tm3 pH6: 2.0 hours  pH de 8
19 Tm4 pH1: 24.0 hours  pH de 3
20 Tm4 pH2: 24.0 hours  pH de 4
21 Tm4 pH3: 24.0 hours  pH de 5
22 Tm4 pH4: 24.0 hours  pH de 6
23 Tm4 pH5: 24.0 hours  pH de 7
24 Tm4 pH6: 24.0 hours  pH de 8

Factor A: magnetization time in hours per day (Tm); Factor B: degree of acidity (pH).
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f lowering (FL, number of days at 50% of flowering since sowing); height (PH, when 
measuring the total length of the main shoot on the surface); number of leaves (NL, 
obtained when counting all the leaves that are completely expanded and exposed with 
photosynthetic activity, including the two primary leaves and the trifoliate one), number of 
normal pods (NP, considering as a normal pod the one that had at least one normal seed 
with the size of the characteristic black color of the Veracruz genotype), number of grains 
per pod (NG, average number of seeds produced in each of the pods and which reached full 
development), seed yield (SY, determined by weighing all the normal seeds produced by 
the plant) and harvest index (HI in %, calculated when dividing the seed yield by the final 
aerial biomass) (HISY/BM100). 

Statistical analyses
 The data of the variables evaluated were processed through the statistical package 
SAS, version 9.0 (SAS, 1999), with an analysis of variance conducted under a completely 
randomized design with factorial arrangement 46 and three replications. When 
significant statistical differences were detected in the variables, Tukey’s honestly significant 
difference was used for means comparison (HSD, P0.05).

RESULTS AND DISCUSSION
Vegetative development
 The values of plant height were significantly different between magnetization 
times, pH and their interaction. The plants grew more when the nutrient solution was 
magnetized during 24 hours and its pH was 4 and 5. Regarding the effect of the interaction 
magnetization time and pH on plant height, the combinations of 24 hours with pH of 4 
and 5, as well as 2 hours and pH of 4 resulted in higher plants, with increments of 48.4, 
70.5 y 23.4%, respectively, compared to the control and same values of pH (Table 3). This 
agrees with Alattar et al. ( 2021) who mention that in Zea mays L. plants the length of the 
plants is significantly influenced by magnetized water.
 The variable number of leaves per plant (NL) showed significant differences between 
magnetization times and pH, but not for their interaction. Magnetization times of 0.333, 
2.0 and 24 hours presented higher number of leaves, being statistically similar between one 
another, but different from the control. The pH values of 3 to 6 showed higher numbers of 
leaves per plant and pH levels of 7 and 8 were lower, being statistically similar between one 
another (Table 2). The total biomass per plant (TB) showed significant differences between 
magnetization times, pH and their interaction. The exposition time to magnetism of 2.0 
hours presented plants with higher weight, followed by the control and 24 hours, while a 
time of 0.333 hours showed the plants with lowest weight (Table 2). 
 For their part, Vashisth and Joshi (2017) indicated that increases in the number of 
leaves and plant height were due to times of exposure. In terms of the effect of the 
interaction between magnetization time and pH on plant biomass, the combinations of 
2 hours and pH of 4, 2 hours and pH of 5, 24 hours with pH of 4 and 5 presented the 
plants with highest weight, corresponding to increments of 8.4, 81.6, 7.2 and 37.2%, 
respectively (Table 3).
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 The time of exposure to magnetism of 0.333 hours presented a shorter flowering period, 
while a time of 2.0 hours recorded the longest period to flowering. Concerning the effect 
of the interaction between magnetization time and pH on number of days to flowering, 
the combinations of 0 hours and pH of 5, as well as 0.333 hours and pH of 3 showed 
the shortest f lowering periods, while 0 hours and pH of 7 and 8, 0.333 and pH of 7, 2.0 
hours and pH of 5 and 8, as well as 24 hours and pH of 5 presented the longest periods to 
flowering (Table 3).

Yield components
 The variable number of pods per plant showed significant differences between 
magnetization times, pH and their interaction. In relation to the effect of the interaction 
between magnetization time and pH on number of pods per plant, all the magnetization 
treatments with pH values of 4 to 7 showed high production of pods, whose increments 
varied from 47.4 to 168.6%. A similar behavior to the production of pods was observed on 
the variable number of grains per pod, since magnetization of the nutrient solution during 
0.333 to 24 hours significantly increased the number of grains per pod compared to the 
control without magnetizing (Table 4).
 Regarding the interaction between magnetization time and pH, no significant 
differences were detected between treatments (Table 5). The plants had higher seed 
yields when the nutrient solution was magnetized during 2 and 24 hours, which 
represent increments of 21.4 and 16.1% compared to the control. In relation to the 

Table 2. Main effects of different magnetization times and pH of the nutrient solution 
on plant height, number of leaves per plant, biomass, and days to flowering of black bean 
under greenhouse conditions.

Treatments AP (cm) NH BT (g) FL (d)
Magnetization time (hours)

0 18.00 b 17.0 b 7.10 b* 67.28 ab

0.333 20.10 ab 17.9 ab 4.95 c 63.56 b

2.0 17.40 b 18.8 ab 8.72 a 76.83 a

24.0 23.10 a 19.6 a 7.61 b 70.83 ab

PF 0.0010 0.0070 < 0.0001 0.0075

pH

3 11.70 d 18.9 ab 3.14 c 58.33 b

4 30.10 a 19.4 a 10.25 a 63.83 b

5 26.00 ab 20.9 a 10.70 a 68.08 ab

6 21.00 bc 18.6 ab 6.40 b 70.00 ab

7 15.80 dc 16.6 bc 6.71 b 78.50 a

8 13.30 d 15.5 c 5.40 b 79.00 a

PF 0.0001 0.0001 0.0001 0.0002

AP: plant height (centimeters), NH: Number of leaves per plant, BT: Total biomass per plant 
(grams), FL: Days to flowering. * Means with different letters in a column are statistically 
different (Tukey 0.05).
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effect of the interaction between magnetization time and pH on seed yield per plant, the 
best combinations were 24 hours and pH 4, as well as 24 hours and pH 5, with yields 
of 3.80 and 3.20 g per plant, equivalent to increments of 46.2 and 45.4%, compared to 
the non-magnetized solution and same acidity. The combinations of 2.0 hours and pH 
of 4 also stood out, as well as 2.0 hours and pH of 5, which had yields of 3.43 and 3.13 
g per plant, whose increments were 31.9 and 42.3%, compared to the non-magnetized 
solution and same acidity (Table 5). Regarding the effect of acidity on the soil, Tosquy 
et al. (2020) reported that a pH decreases the yield in the bean crop. The variable harvest 
index (HI) showed significant differences between pH values and for the interaction 
between magnetization time and pH, but there were no significant differences for the 
magnetization time. The plants showed higher harvest indexes (26.8 to 32.5%) in the 
nutrient solution with pH values of 4 to 7. On the contrary, the harvest indexes were 

Table 3. Effects of the interactions between different magnetization times and pH levels of nutrient solution 
on plant height, number of leaves per plant, biomass and days to flowering of black bean under greenhouse 
conditions.

TEH pH SN PH (cm) NLP TBP (g) DF (d)

0

pH3 11.88 gf 15.7 bc 2.50 i 57.67 abc

pH4 24.53 abcdef 19.8 abc 10.73 cb 56.00 abc

pH5 20.23 cdegf 18.3 abc 8.53 bcde 49.33 bc

pH6 20.32 cdegf 17.3 abc 7.73 cdef 71.33 abc

pH7 18.78 cdegf 14.9 bc 7.97 cdef 84.67 ab

pH8 12.43 gf 16.0 abc 5.17 efghi 84.67 ab

0.333

pH3 10.60 g 20.2 abc 2.49 i 41.33 c

pH4 29.10 abc 18.2 abc 7.13 defg 62.67 abc

pH5 28.80 abcd 21.1 ab 7.10 defg 60.33 abc

pH6 26.50 abcde 19.5 abc 5.47 efghi 64.33 abc

pH7 11.10 gf 13.6 c 3.67 hi 82.00 ab

pH8 14.20 egf 15.0 bc 3.83 ghi 70.67 abc

2.0

pH3 12.30 gf 19.5 abc 3.87 ghi 77.33 ab

pH4 30.30 abc 19.5 abc 11.63 b 69.00 abc

pH5 20.70 cdegf 21.6 ab 15.49 a 80.67 ab

pH6 15.30 defg 17.8 abc 5.81 efghi 74.67 abc

pH7 14.20 efg 17.8 abc 10.47bcd 70.00 abc

pH8 11.50 fg 16.5 abc 5.12 fghi 89.33 a

24.0

pH3 11.88 fg 20.2 abc 3.70 hi 57.00 abc

pH4 36.42 a 20.1 abc 11.50 b 67.67 abc

pH5 34.50 ab 22.8 a 11.70 b 82.00 ab

pH6 21.85 bcdefg 20.0 abc 6.60 efgh 69.67 abc

pH7 19.17 cdefg 20.2 abc 4.70 fghi 77.33 ab

pH8 14.97 efg 14.6 bc 7.50 cdef 71.33 abc

PH: plant height (cm), NLP: Number of leaves per plant, TBP: Total biomass per plant (g), DF: Days to 
flowering. *Means with different letters in a column are statistically different (Tukey 0.05).
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low (19.3 and 24.4%) when the nutrient solution was very acid and alkaline (pH of 3 and 
8) (Table 4). In relation to the effect of the interaction between magnetization time and 
pH on the harvest index, the best treatments were: 24 hours and pH of 4 to 6 (HI of 32.3 
to 38.5%), as well as 2.0 hours and pH of 4 (HI of 34.8%); meanwhile, the combinations 
of 0, 2 and 24 hours with pH of 3.0 showed the lowest harvest indexes (12.3 to 18.5%) 
(Table 5). In the review by Nyakane et al. (2019) about the effects of magnetic fields on 
plants reported during 20 years and the beneficial effects of magnetized irrigation water, 
in the appropriate combination of intensity of the magnetic field and time of. Ospina-
Salazar et  al. (2018), when subjecting water to a magnetic field found that biomass 
and fruit yield of Tabasco chili pepper plants were higher, fresh weight and number 
of fruits of 27 and 13%, respectively. El-Ssawy (2020) reports that the integration of 
the NFT (nutrient film technique) hydroponic system with magnetized water at a high 
intensity (level 3) fostered a significant increase in the nutrient concentrations (N, P 
and K) and total soluble solids, although the pH decreased in a nutritious solution in 
lettuce. Zareei et al. (2019) determined that magnetized water and nutrient solutions 
stimulate biosynthesis. When it comes to forest species, Liu et al. (2019) indicated that 
irrigation with magnetized water promoted the growth of seedlings, root development, 
photosynthesis, and mineral nutrient contents of Populus  euramericana, and that saline 
water was improved with magnetized water, allowing its use for irrigation.

Table 4. Main effects of different magnetization times and pH levels of the nutrient solution 
on number of pods, number of grains, seed yield and harvest index of black bean in greenhouse 
conditions.

Treatments NNP NG SY (g) HI (%)
Magnetization time (h)

0 5.56 c 3.83 b 1.68 c 27.43 a

0.333 8.17 b 4.50 a 1.00 d 24.72 a

2.0 8.17 b 4.67 a 2.04 a 26.25 a

24.0 10.67 a 5.06 a 1.95 b 27.88 a

PF 0.0001 0.0001 0.0001 0.1760

pH

3 2.75 c 2.00 d 0.47 f 19.33 c

4 11.00 a 5.42 ab 2.86 a 32.45 a

5 12.17 a 5.67 a 2.46 b 28.10 ab

6 11.08 a 5.08 ab 1.52 d 28.35 ab

7 9.25 b 4.75 bc 1.62 c 26.79 b

8 2.58 c 4.17 c 1.10 e 24.40 bc

PF 0.0001 0.0001 0.0001 0.0001

NNP: Number of normal pods per plant, NG: Number of grain in normal pods, IC: Harvest 
index %, SY: Seed yield (g). * Means with different letters in a column are statistically different 
(Tukey 0.05).
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CONCLUSIONS
 The effect with the highest increment in treatments of 2 and 24 hours of magnetization, 
with pH of 4 and 5, was found on the variables mentioned before, where the most 
outstanding treatments were 2 and 24 hours of magnetization in combination with 
pH values of 4 and 5, for most of the variables of vegetative development and of yield 
components evaluated. The treatments of 24 hours of magnetization together with pH 
values of 4 and 5 increased height, biomass, days to f lowering, number of pods, harvest 
index and seed yield.
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Table 5. Effects of interactions of different magnetization times and pH levels of the nutrient solution on 
number of pods, number of grains, seed yield, and harvest index of black bean in greenhouse conditions.

TEH pH SN NNP NG SY (g) HI (%)

0

pH3 4.33 ijk 1.33 e 0.40 k 18.54 cde

pH4 6.33 hij 4.67 abc 2.60 d 30.58 abcd

pH5 7.67 fghi 4.67 abc 2.20 e 31.46 abcd

pH6 7.00 ghi 4.67 abc 1.60 gf 24.26 abcde

pH7 5.00 ijk 4.33 abcd 2.08 e 31.53 abcd

pH8 3.00 jk 3.33 bcde 1.20 hi 28.21 abcd

0.333

pH3 1.67 k 1.67 e 0.49 jk 28.17 abcd

pH4 9.33 efgh 5.33 ab 1.63 gf 25.97 abcde 

pH5 14.00 abc 6.00 a 1.27 h 24.88 abcde

pH6 13.00 bcd 5.00 ab 1.37 gh 28.71 abcd

pH7 9.00befgh 4.67 abc 0.60 jk 19.89 cde 

pH8 2.00 k 4.33 abcd 0.67 j 20.70 bcde

2.0

pH3 3.00 jk 2.33 de 0.42 k 12.28 e

pH4 11.33 cde 5.67 a 3.43 b 34.80 ab

pH5 12.00 bcde 6.00 a 3.13 c 23.20 bcde

pH6 10.67 cdef 5.00 ab 1.26 h 28.15 abcd

pH7 10.00 efgh 4.67 abc 2.75 d 30.27 abcd

pH8 2.00 k 4.33 abcd 1.26 h 28.78 abcd

24.0

pH3 2.0 k 2.70 cde 0.60 jk 18.3 de

pH4 17.0 a 6.00 a 3.80 a 38.5 a

pH5 15.0 ab 6.00 a 3.20 bc 32.9 abc

pH6 13.7 abc 5.70 a 1.80 f 32.3 abcd

pH7 13.0 bcd 5.30 ab 1.00 i 25.5 abcde

pH8 3.3 jk 4.70 abc 1.30 h 19.9 cde

NNP: Number of normal pods per plant, NG: Number of grain in normal pods, HI: Harvest index %, SY: 
Seed yield (g). * Means with different letters in a column are statistically different (Tukey 0.05).
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