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Abstract: Magnetically treated water (MTW) has been used to promote biomass yield in different crops. Tabasco
pepper is a high water-demanding crop often cultivated in areas with limited water supply. This study aims to evaluate
the effect of MTW on the physiology and biomass yield of Tabasco pepper under water deficit. The experiment
consisted of two groups of randomly distributed plants receiving normal water and MTW at two irrigation levels
(100 % and 50 % of field capacity, FC) during the whole life cycle under mesh-house. Water was magnetically treated
with a commercial irrigation device. Fruit biomass, photosynthesis, water potential, and leaf tissue status were
measured. Fruit yield showed a non-significant increase in plants with MTW at both irrigation levels, although large-
and medium-sized effects were detected regarding dry weight and fruits per plant (> 16 % increase). Concerning
photosynthesis parameters, only quantum yield significantly increased, even though net assimilation and stomatal
conductance exhibited a 17 % and 28 % increment, respectively. At 50 % FC, photosynthetic parameters and leaf
water potential were severely impaired no matter the treatment used, but surprisingly, relative water content and
clectrolyte leakage in leaves were not significantly affected. Despite the minor physiological effects of MTW observed
in this study, the size effect on fruit yield was noticeable at the end of the experiments. Hence, the application of
MTW could help improve water use efficiency in Tabasco pepper in combination with reduced irrigation strategies.

Keywords: Biomass production, leaf water potential, magnetism, photosynthesis, water use efficiency, irrigation
yield of crops.

Resumen: Se ha utilizado agua tratada magnéticamente (ATM) para promover el rendimiento de biomasa en
diferentes cultivos. El aji Tabasco es un cultivo de alta demanda hidrica, pero suele cultivarse en dreas con suministro
de agua limitado. Este estudio tuvo como objetivo evaluar el efecto del ATM en la fisiologfa y el rendimiento de
biomasa del aji Tabasco bajo déficit hidrico. El experimento consistié en dos grupos de plantas distribuidas al azar,
que recibfan agua normal y ATM bajo dos niveles de riego (100 % y 50 % de la capacidad de campo, CC) durante
todo el ciclo de vida en casa de malla. Se evaluaron la biomasa de frutos, la fotosintesis, el potencial hidrico y el
estado del tejido foliar. El rendimiento frutal mostr6 un aumento no significativo en las plantas con ATM en ambos
niveles de riego, aunque se detectaron efectos grandes y medianos con respecto al peso seco y el numero de frutos
por planta (aumento > 16 %). Con tespecto a los pardmetros de la fotosintesis, solo el rendimiento cudntico mostréd
un aumento significativo, a pesat de que la asimilacién neta y la conductancia estomatica tuvieron un incremento del
17 % y 28 %, respectivamente. Al 50 % de CC, sin importar el tratamiento utilizado, los pardametros fotosintéticos y
el potencial hidrico de las hojas se afectaron gravemente, pero sorprendentemente, el contenido relativo de agua y la
pérdida de electrolitos en hojas no se vieron afectados de forma significativa. A pesar de que los efectos fisiolégicos
del ATM observados en este estudio fueron poco significativos, el tamafio del efecto sobre el rendimiento frutal fue
notable al final de los experimentos. Por lo tanto, la aplicacién de ATM podtia ayudar a mejorar la eficiencia del uso
del agua en aji Tabasco en combinacién con estrategias de riego reducido.

Palabras clave: eficiencia del uso del agua, fotosintesis, magnetismo, potencial hidrico foliar, produccién de
biomasa, rendimiento de cultivos por riego.
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Introduction

The magnetic treatment of water has been used more widely for industrial purposes. There is a
wide range of anti-scale magnetic devices used in domestic and industrial environments that
claims to effectively reduce the amount of CaCOj precipitation in hot water pipes. However, its
effectiveness has been debated until now (Alabi et al., 2015). In agriculture, different types of
magnetic devices have been tested for irrigation in crop production, showing an enhancement
of early growth and biomass yield, along with optimization of water use, which is of great interest
in this field (Amira et al., 2010; Ferrari et al., 2015; Mahmood & Usman, 2014; Sadeghipour &
Aghaei, 2013). Nonetheless, the main criticism of this technology is the lack of a plausible
physiological mechanism, the absence of a standardized magnetic treatment, and the low
reproducibility of the experiments.

Despite the above factors, a critical issue being studied is the use of low-quality water, or limited
water supply, to reduce the depletion of the surface and underground water. In this regard,
Surendran et al. (2016) found that irrigation with hard and saline water previously treated with a
magnet of 180-200 mT (millitesla) led to a significant increase in length and weight of plants of
cowpea and eggplant and less deterioration of crop yield. The latter was ascribed to a higher soil
moisture profile in the magnetically treated plots and a different pattern of CaCOj precipitates
in the irrigation system.

Furthermore, in a study with red and yellow pepper using brackish water, the application of
MTW produced an increase in the nutrient concentration in fruits, fruit yield, water use
efficiency, and chlorophyll content (Marei et al., 2014). The latter authors also pointed out that
decreasing the volume of irrigated water with MTW would be worthy of research. Accordingly,
Ferrari et al. (2015), Ogunlela and Yusuf (2016), Yusuf and Ogunlela (2017) mention that MTW
elicited a significant increase in the fresh weight of different crops even with little water or
nutrient supply, suggesting that the application of MTW in conditions of limited irrigation results
in positive yield effects.

The attempts to explain the mechanisms by which MTW exerts these effects in plants have fallen
into two categories: the physiological and the soil-water relations. The physiological hypothesis
indicates that once the plant absorbs MTW, it increases the membrane permeability and the ion
transport through the cells due to the smaller cluster size of this treated water (Zuniga et al.,
2010). Increased enzymatic activity has also been cited as a possible mechanism in germinating
seeds soaked in MTW (Massah et al., 2019), but its evidence in developed plants is scarce
(Kunzhen et al., 1994).

On the other hand, the soil-water relation mechanism explains that the wetting pattern in soils
of different textures increments when using MTW in drip irrigation systems because water
molecules penetrate the soil particles’ micropores and attach to them easily, which results in
preventing water from moving to the lower soil depths (Al-Ogaidi et al., 2017). The latter is
attributed to the hydrogen bond, and other intermolecular forces weakened in MTW, making
water molecules more easily adsorbed to soil particles. Surface tension is another water property
likely involved in these mechanisms. Water has high surface tension compared with other

Cienc. Tecnol. Agropecnaria, 23(2): e2476
DOTL: https://doi.org/10.21930/tcta.vol23_num?2_art:2476


https://doi.org/10.21930/rcta.vol23_num2_art:2476

Daniel Ivan Ospina-Salazat., et al Fruit yield of Tabasco pepper under

substances of similar molecular weight and geometry allowing water to exhibit quite elevated
cohesive and adhesive forces with itself and other substances.

The effects of magnetic fields on the surface tension of water have been studied, and the general
trend observed is that there is a noticeable reduction in this parameter under different
experimental conditions (Cai et al., 2009; Hasaani et al., 2015; Huo et al., 2011; Pang & Bo, 2008).
According to Pang and Bo (2008), this phenomenon is a manifestation of the variations in the
molecular structure of water influenced by magnetic fields, such as the distribution of molecules
and electrons, displacements and polarization of molecules and atoms, the transition of dipole
moment and vibrational states of the molecules. Surface tension is an important factor driving
water transport in vascular plants (Domec, 2011), finding evidence of its role in xylem transport
and embolism (Schenk et al., 2015, 2017).

The restriction of water supply in crops is a practice that optimizes water use for crop biomass
accumulation. In Capsicum cultivars, it was observed that reduced irrigation could be a feasible
strategy for hot pepper production where the benefit from saving water outweighs the
concomitant decrease in total fresh mass of fruit (Dorji et al., 2005). For instance, Pérez-
Gutiérrez et al. (2016) found that a suitable combination of different Capsicum chinense genotypes
plus a 40 % water supply led to better physiological performance (measured as chlorophyll
fluorescence and biomass accumulation regarding water consumption). Other experiments
carried out in semi-controlled conditions showed that Tabasco pepper plants increased their
fruit yield and mineral content when consistently irrigated with MTW (Ospina-Salazar et al.,
2018). In Colombia, Tabasco pepper is often cultivated in areas with high evapotranspiration
demand and scarce water availability, like the western inter-Andean valleys (Dagua, Vijes, Guabas
in Valle del Cauca) and the northern Caribbean basin (Atlantico and Bolivar).

Hence, a combination of MTW with reduced water supply could be a proper approach to
validate the applicability of this technology to a crop of great economic importance such as
Tabasco pepper, testing MTW as an alternative to ameliorate losses in biomass yield due to the
restricted irrigation. This work aims to evaluate the overall effect of MTW at full (no water
deficit) and half (water deficit) irrigation on the physiology and biomass yield of Tabasco pepper
(Capsicum frutescens 1.).

Materials and methods

Location, plant material, and setup of the experiment

Two experiments were conducted in a 125 m* mesh house at Universidad del Valle experimental
station in Cali, Valle del Cauca Province, Colombia. The station is located at 967 m above sea
level, with a daily average temperature and relative humidity at the time of 26 °C and 65 %,
respectively. The first experiment (from August to December 2016) involved 52 one-year-old
Tabasco pepper plants (Capsicum frutescens 1..), extant from a previous experiment, in 10 L plastic
bags. The plants were cut-off at the base of the stem and then allowed to regrow for three weeks
before water treatments to obtain homogeneous and vigorous plants. The soil was a clay loam
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topsoil previously homogenized and sieved, with a pH of 6.79 and organic matter content of
2.57 %. The second experiment was conducted from June 2017 to May 2018. Fifty-days old
seedlings of Tabasco pepper were transplanted in 10 L plastic bags with a clay loam topsoil like
that of the first experiment, totaling 48 bags. In both experiments, each plastic bag was
connected to a drip irrigation system with emitters of 3 L/h. The water source was the municipal
service company, having the same specifications for drinking or tap water. The mineral nutrients
were applied to the soil in 50 % Hoagland solution diluted in the irrigation system once a month,
whereas pest and disease control was achieved with chemical and mechanical methods.

Magnetic treatment of water and irrigation levels

The water was treated using a Quantum Biotek magnet (Omni Enviro Water Systems, Australia).
This device is a cylinder of twelve centimeters long and one inch in internal diameter, generating
a variable magnetic field from 0 to 156 mT that increases along the length and around the
cylinder circumference. The north-south poles are also switched along the length and the
circumference of the cylinder. The device was connected to the irrigation system before
derivation to the plants. The MTW was recirculated for five minutes through the magnet at a
flow rate of 10 L/minute in a 100 L-cistern. Control (CON) water was also recirculated through
a bypass without any magnetic field in the same conditions. The irrigation levels were adjusted
to 100 % and 50 % of field capacity (FC) according to the weight of soil in the bags and the soil
water retention curve given by the texture (clay loam). It yielded four treatments according to
the water type and the irrigation level: MTW at 100 % FC (MTW100), MTW at 50 % FC
(MTW50), control water at 100 % FC (CON100), and control water at 50 % FC (CON50).

Physiological assessments

Leaf water potential () was measured with a Sholander-type pressure chamber model 1005
(PMS Instrument, USA) at predawn (05:00 to 06:15 hours) and midday (11:30 to 13:15 hours)
only in the first experiment. The measurements were taken in fully expanded, sun-exposed,
young leaves with a petiole long enough to fit in the chamber. For relative water content (RWC),
leaves of the same physiological age were carefully detached from the plants and weighed in the
laboratory. Then, the leaves were immersed in distilled water and left in the fridge at 4 °C for six
hours, when they were soaked and weighed again. Finally, the leaves were oven-dried for 24
hours at 65 °C and weighed again. RWC was calculated according to equation (1):

fresh weight leaf—dry weight leaf

RWC = 100 (1)

turgor weight leaf—dry weight leaf

The membrane stability through electrolyte leakage (EL) was determined according to
Rachmilevitch et al. (2006). Two young leaves per plant were rinsed with distilled water,
immersed in 20 mL of deionized water, and shaken at 80 rpm for 24 hours on a shaker table.
The conductivity of this shaken solution was measured with a conductivity meter (Jenway model
470 portable conductivity/ TDS meter, United Kingdom). The leaves wete then destroyed by
autoclaving at 120 °C for 20 minutes, measuring the final conductivity of this solution with the
processed tissues. Relative electrolyte leakage was calculated using equation (2).
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initial conductivity

EL = X 100 @)

final conductivity

Photosynthesis measurements were only taken in the first experiment. Gas exchange parameters
(net photosynthesis, A; transpiration, E; stomatal conductance, g;) were measured with a CI-340
Handheld Photosynthesis System (CID Bio-Science, USA) under natural environment
conditions of CO; concentration, humidity, and light (398 ppm, 70 % and 480 umol quanta m™
s" respectively). The intake tubing was introduced in an empty plastic bottle at 1 m above the
soil to avoid disturbing the intake of CO, and the water pressure. Water use efficiency (WUE)
was calculated as the ratio A/E from the previous measurements. The readings were taken
between 11:00 and 15:00 hours on a sunny, clear day, on fully expanded, sun-exposed young
leaves. Chlorophyll fluorescence was measured using an OS30p+ Fluorometer (Opti-Sciences
Inc., USA) for dark-adapted measurements as F,/F. (maximum quantum efficiency of PSII
photochemistry). The dark adaptation was achieved by covering the leaves for 30 minutes with
suitable clips. These measurements were taken in the first three fully expanded, sun-exposed
young leaves once a week in each plant.

Fruit biomass measurements

Once the plants started to produce fruits, successive harvests were gathered as the fruits ripened.
In the first experiment, fruits were collected five times from October to December 2016,
whereas in the second experiment, fruits were harvested seven times from the fifth until the
eleventh month after transplanting (from November 2017 to May 2018). Right after harvesting,
the fruits were counted and weighed for fresh weight. Dry weight was measured after drying the
fruits in an oven at 70 °C until reaching a constant weight.

Experimental design and data analysis

The experiment was carried out in a completely randomized design. One plant in each plastic
bag was considered as a single replicate. In the first experiment, there were thirteen replicates
per treatment (52 plants in total). In the second experiment, there were twelve replicates per
treatment (48 plants in total). Data were analyzed with IBM SPSS Statistics 22 (IBM Corp.,
Armonk, NY), first running tests of homogeneity of variances and normality (Levene and
Shapiro-Wilk, respectively). As these tests did not lead us to reject the null hypothesis of
homoscedasticity and normality, we carried out an ANOVA followed by post hoc comparisons
of all treatments by Duncan’s multiple range test. Since fruit biomass yield is the most interesting
variable at the agronomical level, a Cohen’s 4 index was calculated to estimate the effect size of
the MTW over control at 100 % FC, 50 % FC, and the combination of both irrigation levels.
This index standardizes the difference by transforming the absolute difference into standard
deviation units according to the formula:
MM

S

Where M; — M, is the difference between the group means, and S is the standard deviation of
either group (Sullivan & Feinn, 2012).
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Results and discussion
Physiological assessments

It was particularly evident for W, that the most remarkable differences occurred between the
two irrigation levels (100 % and 50 % of FC) within both treatments. However, at predawn, the
W, of MTW at 50 % FC was not statistically different from that of 100 % FC, unlike in control
plants, where the gap between irrigation levels was more significant (0.14 MPa, Table 1). The
same effect was observed in midday Wy, where the distance between 100 % FC and 50 % FC
was higher in control plants than in treated plants. It might indicate a buffer effect of MTW in
leaf water potential, particularly at midday, where the treated plants at 50 % FC significantly
differed from those with untreated water (control). However, the overall effect disappeared
when combining both irrigation levels within MTW and control. On the other hand, the
combination of both treatments within 100 % FC and 50 % FC showed the effect of water
limitation on leaf water potential unequivocally, being the distance between both irrigation levels
large and significant (Table 1), either at midday or predawn.

Table 1. Midday and predawn leaf water potential (W), relative water content (RWC), and
electrolyte leakage (EL) in Tabasco pepper plants, comparison of each treatment, and differences
between the two irrigation levels with two water types. Data are means T standard error of 13
plants in each treatment.

Type of  Irrigation

. . .
water level (%) LBl Sy o (T pe) Predawn W, (Mpa) RWC (“0) EL (%)
100 -1.09a *+ 0.03 -0.40ab *+ 0.02 80.60a + 1.01 33.47a + 4.21
MTW 50 -1.24cb = 0.03 -0.47bc = 0.03 78.75a £ 1.15 41.69a £ 4.61
Combined
- * - T + +
100450 1.16b £ 0.02 0.43ab = 0.02 79.74a £ 0.76 37.20a £ 3.11
100 -1.09a £ 0.03 -0.38a = 0.03 80.38a £ 1.15 29.34a * 4.61
CON 50 -1.32d = 0.03 -0.52¢ = 0.03 77.88a £ 1.08 38.58a * 4.35
Combined
- * - + + +
100450 1.21b £ 0.03 0.46ab = 0.02 79.06a £0.79 34.22a = 3.16
Combined
- * - * + +
MTW+CON 100 1.09a = 0.02 0.39a = 0.02 80.45a £ 0.76 31.59a £ 3.11
Combined
- T - + + +
MTW+CON 50 1.28dc £ 0.02 0.50c = 0.02 78.29a £ 0.79 40.04a £ 3.16

Note. Means followed by distinct letters differ significantly according to Duncan’s test.

Source: Elaborated by the author.

Although there was no significant difference regarding RWC and EL, there was a consistent
pattern among plants at 100 % FC and 50 % FC. This pattern shows that plants at full irrigation
always had higher RWC and lower EL, which is an indicator of better physiological status. As
for RWC, it is remarkable that the difference between all plants at 100 % FC and 50 % FC was
not very significant, in contrast to that of W, which might indicate that RWC in leaf tissues is
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less sensitive to water limitation than leaf water potential. On the other hand, the lower EL of
tully irrigated plants (26.7 % lower) means that the cell membrane integrity is higher than in half-
irrigated plants, but the absence of significant differences is attributed to the high standard error
(table 1). Similar to Wy, there was a reduction in A, WUE, E, and g, at 50 % FC in both water
types (MTW and control). F,/Fy, only decreased in MTW at 50 % FC but not in control plants
(table 2).

Table 2. Gas exchange and photosynthesis parameters in Tabasco pepper plants, comparison
of each treatment. Data are means T standard error of 13 plants in each treatment.

Type Irrigation A (umol CO; m- WUE (umol E (mmol gs (mol H,O F./Fum (Au)
of water level (%) 2 g COz/mmol H,O) H,0 m?2s) m2s?)

MTW 100 11.53a + 0.69 2.82a + 0.12 4.032+ 021  0.322 £0.03 0.767a £ 0.005
50 7.31c¢ £ 0.83 2.50abcd £ 0.15 2.80c £ 0.25  0.18bc £ 0.04  0.757a £ 0.005
Combined  9.79ab * 0.54 2.69abc £ 0.09 3.52ab £ 0.16 0.27ab +0.02  0.763a £ 0.004
100+50

CON 100 9.95ab * 0.81 2.54abcd £0.14 394a+0.24  0.27ab*0.04  0.725b £ 0.009
50 6.79¢ £ 0.77 2.29d + 0.14 2.73¢+£0.23  0.12¢ £ 0.04 0.753a £ 0.007
Combined  8.30bc £ 0.56 2.41bcd £ 0.10 3.31bc £0.17 0.21bc £0.03  0.740b £ 0.006
100+50

Combined 100 10.86a + 0.53 2.71ab + 0.09 3.992a£0.16  0.30a £0.02 0.746b £ 0.005

MTW+CON

Combined 50 7.03¢ £ 0.57 2.40cd £ 0.10 2.76c £ 0.17  0.15¢ = 0.03 0.755a £ 0.004

MTW+CON

Note. Means followed by distinct letters differ significantly according to Duncan’s test.
Source: Elaborated by the authors

Besides, treated plants always exhibited higher values of these parameters at either 100 % or 50
% FC than their untreated counterparts, although they belong to the same statistical group
(sharing at least one letter), except for F,/Fy at 100 % FC. Nevertheless, it is noticeable that the
values of MTW merging both irrigation levels were statistically equal to those of 100 % FC
among the four gas exchange parameters tested, whereas the values of control plants did not
show this statistical pattern. The latter could be evidence of the amelioration effect of MTW in
the gas exchange process and the light reactions (chlorophyll fluorescence) at a low water supply.

Of particular importance is to highlight that water use efficiency (WUE), measured as the
amount of CO; assimilated per unit of H,O released, was consistently higher (but not
significantly) in MTW-plants despite the apparent increase in transpiration (E). It is of great
relevance at crop level management since MTW could be a strategy for saving water without
hindering biomass accumulation. Quantum efficiency of photosystem II, measured as the ratio
of variable fluorescence (F,) between maximum fluorescence (Fn) in dark-adapted leaves,
showed a higher and significant value at MTW combining both irrigation levels, which is
indicative of less water stress. Comparing both irrigation levels regardless of the type of water
yielded significant decreases among all the gas exchange parameters at 50 % FC, except for
chlorophyll fluorescence (table 2).
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Biomass accumulation

The fruit set in Tabasco pepper plants is shown in table 3. The number of fruits, fresh and dry
weight per plant were consistently higher in MTW-plants in both experiments, either at 100 %
or 50 % of FC.

Table 3. Fresh weight (FW), dry weight (DW), and the number of fruits in Tabasco pepper
plants. Data are means * standard error of 13 plants per treatment in the first experiment (52 in
total) and 12 plants per treatment in the second experiment (48 in total).

Type Irrigation level FW (g/plant) DW (g/plant)  # Fruits/plant
of water (%)
First experiment
MTW 100 131.7a £ 15.6 3132+ 34 206.6a = 22.5
50 9242+ 184 21.5ab £ 4.1 142.8ab * 26.4
Combined 100+50  115.2a £ 11.9 27.2ab £ 2.6 179.8ab £ 17.1
CON 100 116.9a £ 18.4 27.5ab £ 4.1 187.0ab * 26.4
50 90.4a + 16.6 19.4b £ 3.7 133.1b £ 23.8
Combined 100+50  102.3a £ 12.3 23.1ab £ 2.7 157.2ab £ 17.7
Combined 100 125.52 £ 11.9 29.7a + 2.6 198.4ab £ 17.1
MTW-+CON
Combined 50 91.3a+ 123 20.3b + 2.7 137.4b £ 17.7
MTW+CON
Second experiment
MTW 100 23422+ 213 78.5a £ 6.5 315.3abc £ 20.4
50 226.6a = 21.3 82.4a £ 6.5 365.7a + 20.4
Combined 100+50  230.4a £ 15.0 80.4a = 4.6 340.5ab + 14.4
CON 100 213.1a+21.3 67.6a £ 6.5 298.0bc £ 20.4
50 215.0a £ 22.2 05.7a £ 6.7 277.6c +21.3
Combined 100+50  214.0a + 15.4 66.7a = 4.7 288.3c + 14.7
Combined 100 223.6a = 15.0 73.1a + 4.6 306.7bc £ 14.4
MTW+CON
Combined 50 2211a+ 153 T4.4a = 4.7 323.6abc £ 14.7
MTW+CON

Note. Means followed by distinct letters differ significantly according to Duncan’s test.
Source: Elaborated by the authors

Unexpectedly, the MTW group of the second experiment reported a greater DW and number
of fruits in the plants at 50 % FC than in the 100 % FC plants (although not significant). Similarly,
the difference between fully irrigated and half irrigated plants in the control group was not as
significant as in the first experiment regarding FW and DW. The latter explains why the values
of FW, DW, and the number of fruits were almost identical when comparing all 100 % FC plants
with 50 % FC plants. The lack of statistical significance between both MTW and control is
attributed to the high standard error inherent to the measurements plant by plant since some of
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them easily outdo the mean yield, whereas others do not. Despite the above mentioned, the
percentage increase in FW, DW, and the number of fruits in MTW-plants over control at 100
% FC was 11.3 %, 15.0 %, and 8.1 % on average, respectively (accounting for both experiments,
figure 1).
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Figure 1. Percentage increase in fresh weight (FW), dry weight (DW), and the number of fruits
in MTW-plants over control plants. Data are the average of the first and second experiments
(plus the standard error of the mean difference).

Source: Elaborated by the authors

There was an increase of 10.1 %, 19.1 %, and 16.2 % in these three parameters in the treated
plants considering the combination of the two irrigation levels. It is noteworthy that, at 50 %
FC, the gain in fresh weight was only 3.8 % (not unexpected because of the low water regime
imposed), but the gain in dry weight and number of fruits was even more significant than at 100
% FC. It indicates that the plants produced more but smaller fruits, with less water and drier
biomass. Cohen’s 4 index was calculated for each irrigation level in treated and untreated plants
to correctly measure the effect size of MTW on fruit yield (table 4).

Both experiments tested a comparison between MTW at 100 % FC and 50 % FC with its
respective control counterparts. This index standardizes the difference by transforming the

absolute difference (shown in Figure 3 as percentages) into standard deviation units and classifies
effect sizes as small (4 = 0.2), medium (4 = 0.5), and large (¢ > 0.8) (Sullivan & Fein, 2012).
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Table 4. Effect sizes of MTW over control in fruit yield parameters according to Cohen’s 4

First experiment Cohen’s d

Comparisons FW DW # Fruits/plant
MTW 100 % FC — CON 100 % FC 0.27* 0.29* 0.26"
MTW 50 % FC — CON 50 % FC 0.03 0.13" 0.09
MTW 100+50 FC — CON 100+50 FC 0.19° 0.27 0.23"
Second experiment Cohen’s d
Comparisons FW DW # Fruits/plant
MTW 100% FC — CON 100% FC 0.32 0.53" 0.28"
MTW 50% FC — CON 50% FC 0.33 0.92° 2.48°
MTW 100+50 FC — CON 100+50 FC 0.22¢ 0.63 0.75°

Note. * small; ® medium; © large
Source: Elaborated by the authors

Based on these premises, there were large effect sizes in the second experiment, specifically in
the number of fruits per plant and dry weight (MTW-50 % FC over CON-50 % FC), and
medium effect sizes in dry weight (MTW-100 % FC over CON-100 % FC; MTW 100+50 FC
over CON 100+50 FC) and fruits/plant (MTW 100450 FC over CON 100450 FC). In general,
the smaller effect sizes were detected in fresh weight among both experiments but increased to
the small-medium range in dry weight and fruits/plant. Another pattern that emerged from this
analysis is that the effect sizes of MTW-50 % FC over its correspondent control were small
among the three fruit yield parameters in the first experiment, unlike the second experiment.

In this study, the main question was if MTW can enhance crop yield in Tabasco pepper while
reducing water application to a half of field capacity; the results show that it does, but marginally
from a statistical point of view. From an effect-size point of view, the outcomes of this work
support this hypothesis, and the physiological performance of the tested plants points in that
direction.

Regarding water transport in plants, an increase in E and W, was observed in MTW-plants,
merging both irrigation levels. Even though greater transpiration implicates more water
consumption (thus lower water use efficiency), here is essential to point out two things: the first,
MTW has been proved to have a higher evaporation rate (Ben-Amor et al., 2017; Guo et al,,
2012), and second, that transpiration is the ultimate pulling force of the water column in the
xylem, taking place in the substomatal chamber of the leaves. Since this process is closely related
to stomatal conductance, a more stomatal opening is needed to release H,O, leading to a higher
CO:; intake. The increasing pattern in transpiration and leaf water potential (less negative W)
can be a manifestation of the lower molecular energy of MTW (Cai et al., 2009), which leads to
more accessible water transport. It is not irrelevant to note that the magnetic treatment reduced
the distance in W, between fully and half-irrigated plants, particularly at predawn. Since predawn
W, is generally considered the best representation of water status at the crop level (Améglio et
al.,, 1999), our results indicate that plants grown under MTW develop better conditioning in the
soil-plant-atmosphere relation. The latter explanation is consistent with the behavior of MTW
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in soil experiments since several authors have reported that the wetted radius increases in surface
or depth according to the soil texture (Al-Ogaidi et al., 2017) and that average soil moisture at
different depths is higher compared to water with no magnetic treatment (Khoshravesh et al.,
2011). Although soil humidity parameters were not measured in this experiment, it is likely that
the physiological and yield responses observed in the plants under MTW were a consequence of
the particular properties of this water in its interaction with the soil particles.

Regarding g,, WUE, and A, there was a significant decline at 50 % FC in both water types.
However, the fact that plants with MTW showed the highest values of these three parameters
supports that these plants produced more fruit yield even at water deficit. This agrees with Ferrari
et al. (2015) and Al-Khazan et al. (2011), whose results suggest that irrigation with MTW, even
at low moisture regimes, optimizes the plants’ ability to manage water sustain biomass. Our
results support these findings based on a stomatal effect, which explains this ability by
augmenting stomatal conductance (g;), which, while leading to higher transpiration, also
increases net photosynthesis (A), accounting for the greater WUE found in the MTW-plants.
Here is relevant to mention that g,is also sensitive to W, (not only to abscisic acid, ABA), so less
negative water potentials (as those recorded in this work) could also be related to a bigger
stomatal opening (Bunce, 1999; Ripullone et al., 2007). Therefore, the augmentation in CO,
assimilation under MTW leads to an increase in the dry biomass and number of fruits, an
outcome found in a previous report (Ospina-Salazar et al., 2018).

Despite a consistent rise in A and fruit yield, significance was lacking in every possible
comparison between MTW and control without focusing on the magnitude of the difference
between them. According to Cohen’s dindex calculated for fruit yield, there are noticeable effect
sizes in dry weight and fruits/plant, and less critical effect sizes in fresh weight, but not so small
as trivial. In this regard, Phimchan et al. (2012) reported in drought-stressed plants of nine
cultivars of C. chinense and C. annunm an average reduction in dry fruit biomass and the number
of fruits per plant of 30 %. As seen in this work, the use of MTW increased the dry weight and
the number of fruits per plant over control plants substantially in one of the two experiments.
The low water supply at 50 % FC produced significant changes in leaf tissue status; this is EL
and RWC. EL is an indicator of cell membrane stability, measured as the concentration of
electrolytes (ions) released from the cells to the water. Stressing conditions such as drought or
salinity will usually impair the toughness of the cell membrane, which could result in higher
values of EL in leaves and other tissues (Valentovic et al., 2000).

Moreover, leaf relative water content (RWC), which measures the extent of leaf tissue hydration,
is rapidly decreased by low soil water availability in Capsicum species (Phimchan et al., 2012). It
was evident that RWC was not significantly affected by the MTW or the low irrigation level. The
latter outcome indicates that the magnetic treatment does not affect leaf tissue hydration in
Tabasco pepper and that W, is more sensitive to water stress than RWC. The latter was also
found by Phimchan et al. (2012), whose results show clearly that the decrease in leaf water
potential in drought-stressed plants was four-fold to seven-fold, whereas relative water content
never fell more than two-fold. As for EL, it is worth noting that MTW increased it and the
lowest level of irrigation (no matter the type of water), indicating a decline in the cell membrane
stability, an expected outcome in drought conditions, but a particular effect of MTW. It could
be attributed to changes in ion selectivity and integrity function of Ca®"in the membranes, a
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phenomenon in water solutions after magnetic treatment (Fathi et al., 2006). At any rate, the
lower membrane stability in plants subjected to MTW seems to have not affected the general
physiological performance, such as gas exchange and fruit yield. The possible physiological
mechanism of MTW is likely related to facilitated water transport via more transpiration, which
triggers higher stomatal conductance and COzassimilation. The soil-water mechanism proposes
that increased wetting pattern in the soil delays plant adjustments of their photosynthetic
apparatus to a water stress regime. The latter mechanism is consistent with the reduction of
surface tension observed in MTW previously (Ospina-Salazar et al., 2021)

Conclusions

The evidence collected in this work suggested that MTW has a positive effect on the fruit yield
of Tabasco pepper. The physiological parameters tested follow this behavior, particularly net
photosynthesis and quantum yield. Leaf water potential and leaf tissue status (such as relative
water content and electrolyte leakage) did not show significant modifications, although the
general pattern was that plants under MTW had fewer manifestations of water stress in these
parameters. This was observed as significant in leaf water potential of MTW-plants at 50 % FC
compared to control plants. Combining complete and limited irrigation in Tabasco pepper with
MTW could be a convenient practice to sustain crop yield with low use of water, which may
increase the water use efficiency measured as dry biomass per volume of water applied.

Acknowledgments

The authors render thanks to the Agricultural Soil and Water Laboratory and the Plant
Physiology Laboratory staff at the Universidad del Valle, Meléndez campus in Cali, Colombia.
This research did not receive specific grants or funding from public, commercial, or not-for-
profit agencies. Special thanks to the anonymous reviewers who take their time to review this
research work.

Disclaimers
The manuscript was prepared and revised by all authors, who declared no conflict of interest
that could put the presented results’ validity at risk.

References

Alabi, A., Chiesa, M., Gatlisi, C., & Palmisano, G. (2015). Advances in anti-scale magnetic water
treatment.  Environmental ~ Science: ~ Water ~ Research & Technology, 1(4), 408-425.
https://doi.org/10.1039/c5ew00052a

Cienc. Tecnol. Agropecnaria, 23(2): e2476
DOTL: https://doi.org/10.21930/tcta.vol23_num?2_art:2476


https://doi.org/10.21930/rcta.vol23_num2_art:2476
https://doi.org/10.1039/c5ew00052a

Daniel Ivan Ospina-Salazat., et al Fruit yield of Tabasco pepper under

Al-Khazan, M., Abdullatif, M., & Al-Assaf, N. (2011). Effects of magnetically treated water on
water status, chlorophyll pigments, and some elements content of Jojoba (Simmondsia
chinensis L.) at different growth stages. African Journal Environmental Science & Technology, 5(9),
722-731. https://academicjournals.org/article/article1380372603 Al-
Khazan%20et%20al.pdf

Al-Ogaidi, A. A. M., Wayayok, A., Rowshon, M. K., & Fikri, A. (2017). The influence of
magnetized water on soil water dynamics under drip irrigation systems. Agricultural Water
Management, 180, 70-77. https://doi.org/10.1016/j.agwat.2016.11.001

Améglio, T., Archer, P., Cohen, M., Valancogne, C., Daudet, F. A., Dayau, S., & Cruiziat, P.
(1999). Significance and limits in the use of predawn leaf water potential for tree irrigation.
Plant & Soil, 207(2), 155-167. https://doi.org/10.1023/A:1026415302759

Amira, M. S., Qados, A., Hozayn, M. (2010). Response of growth, yield, yield components, and
some chemical constituents of flax for irrigation with magnetized and tap water. World
Applied Sciences Journal, 8(5), 630-634. http://idosi.org/wasj/wasj8(5)10/15a.pdf

Ben-Amor, H., Elaoud, A., Salah, B., & Elmoueddeb, K. (2017). Effect of magnetic treatment
on surface tension and water evaporation. Infernational Journal of Advance Industrial
Engineering, 5(3), 119-124. https://doi.org/10.14741/Tjac/5.3.4

Bunce, J. A. (1999). Leaf and root control of stomatal closure during drying in soybean. Physiologia
Plantarum, 106(2), 190-195. https://doi.org/10.1034/1.1399-3054.1999.106207..x

Cai, R, Yang, H., He, J., & Zhu, W. (2009). The effects of magnetic fields on water molecular
hydrogen bonds.  Jowrnal  of  Molecular  Structure, 938(1-3), 15-19.
https://doi.org/10.1016/j.molstruc.2009.08.037

Domec, J. C. (2011). Let’s not forget the critical role of surface tension in xylem water relations.
Tree Physiology, 31(4), 359-360. https://doi.org/10.1093/treephys/tpt039

Dorji, K., Behboudian, M. H., & Zegbe-Dominguez, J. A. (2005). Water relations, growth, yield,
and fruit quality of hot pepper under deficit irrigation and partial rootzone drying. Scientia
Horticulture, 104(2), 137-149. https://doi.org/10.1016/j.scienta.2004.08.015

Fathi, A., Mohamed, T., Claude, G., Maurin, G., & Mohamed, B. A. (2006). Effect of a magnetic
water treatment on homogeneous and heterogeneous precipitation of calcium carbonate.
Water Research, 40(10), 1941-1950. https://doi.org/10.1016/].watres.2006.03.013

Ferrari, F. P., Luis, R. A. G. F., Antonio, E. K., Josue, F. Da S. J., Camila, P. C., & Rafael, L.
(2015). Response of lettuce crop to magnetically treated irrigation water and different
irrigation  depths.  Afiican  Journal  of  Agricultural  Research, 10(22), 2300-2308.
https://doi.org/10.5897/ajar2015.9616

Guo, Y., Yin, D., Cao, H,, Shi, J., Zhang, C., & Liu, Y. (2012). Evaporation rate of water as a
function of a magnetic field and field gradient. International Journal of Molecular Sciences,
713(12), 16916-16928. https://doi.org/10.3390/ijms131216916

Hasaani, A. S., Hadi, Z. L., & Rasheed, K. A. (2015). Experimental study of the interaction of
magnetic fields with flowing water. International Journal of Basic & Applied Sciences, 3(3), 1-8.

Huo, Z. F., Zhao, Q., & Zhang, Y. H. (2011). Experimental study on effects of magnetization
on  surface  tension  of  water.  Procedia  Engineering, 26,  501-505.
https://doi.org/10.1016/j.proenq.2011.11.2198

Khoshravesh, M., Mostafazadeh-Fard, B., Mousavi, S. F., & Kiani, A. R. (2011). Effects of
magnetized water on the distribution pattern of soil water with respect to time in trickle
irrigation.  Soi/ & Use Management, 27(4), 515-522. https://doi.org/10.1111/j.1475-
2743.2011.00358.x

Cienc. Tecnol. Agropecnaria, 23(2): e2476
DOTL: https://doi.org/10.21930/tcta.vol23_num?2_art:2476


https://doi.org/10.21930/rcta.vol23_num2_art:2476
https://academicjournals.org/article/article1380372603_Al-Khazan%20et%20al.pdf
https://academicjournals.org/article/article1380372603_Al-Khazan%20et%20al.pdf
https://doi.org/10.1016/j.agwat.2016.11.001
https://doi.org/10.1023/A:1026415302759
http://idosi.org/wasj/wasj8(5)10/15a.pdf
https://doi.org/10.14741/Ijae/5.3.4
https://doi.org/10.1034/j.1399-3054.1999.106207.x
https://doi.org/10.1016/j.molstruc.2009.08.037
https://doi.org/10.1093/treephys/tpr039
https://doi.org/10.1016/j.scienta.2004.08.015
https://doi.org/10.1016/j.watres.2006.03.013
https://doi.org/10.5897/ajar2015.9616
https://doi.org/10.3390/ijms131216916
https://doi.org/10.1016/j.proeng.2011.11.2198
https://doi.org/10.1016/j.proeng.2011.11.2198
https://doi.org/10.1111/j.1475-2743.2011.00358.x
https://doi.org/10.1111/j.1475-2743.2011.00358.x

Daniel Ivan Ospina-Salazat., et al Fruit yield of Tabasco pepper under

Kunzhen, J., Guanghui, W., & Jianao, Q. (1994). Effect of magnetized water on esterase
isozymes in the leaves of tomato plant. Acta Botatica Boreali-Occidentalia Sinica, 14(2), 102-
100.

Mahmood, S., & Usman, M. (2014). Consequences of magnetized water application on maize
seed emergence in sand culture. Journal of Agricultural Science & Technology, 16(1), 47-55.
https://jast.modares.ac.ir/article-23-7594-en.html

Marei, A., Rdaydeh, D., Karajeh, D., & Abu-Khalaf, N. (2014). Effect of using magnetic brackish
water on irrigated bell pepper crop (Capsicum annunum 1..) characteristics in lower Jordan
Valley/West.  Journal — of  Agricultural — Sciences & Technology, 4,  830-938.
https://scholar.ptuk.edu.ps/handle/123456789 /371

Massah, J., Dousti, A., Khazaei, J., & Vaezzadeh, M. (2019). Effects of water magnetic treatment
on seed germination and seedling growth of wheat. Journal of Plant Nutrition, 42(11-12),
1283-1289. https://doi.org/10.1080/01904167.2019.1617309

Ogunlela, A. O., & Yusuf, K. O. (2016). Effects of water stress on growth and yield of tomato
irrigated with magnetically treated water. Nigerian Journal of Pure Applied Sciences, 29(2), 2824-
2835. http://njpas.com.ng/wp-content/uploads/2017/04/14.pdf

Ospina-Salazar, D. 1., Benavides-Bolafios, J. A., Zufiga-Escobar, O., & Mufoz-Perea, C. G.
(2018). Photosynthesis and biomass yield in Tabasco pepper, radish and maize subjected
to magnetically treated water. Corpoica Ciencia & Tecnologia Agropecnaria, 19(2), 307-321.
https://doi.org/10.21930/rcta.vol19_num2_art:537

Ospina-Salazar, D. 1., Rachmilevitch, S., Cuervo-Jurado, S., & Zufiga-Escobar, O. (2021).
Biomass accumulation and physiological responses of tomato plants to magnetically—
treated water in hydroponic conditions. Bioariv.
https://doi.org/10.1101/2021.09.21.461287

Pang, X. F., & Bo, D. (2008). The changes of macroscopic features and microscopic structures
of water under influence of magnetic field. Physica B Condensed Matter, 403(19-20), 3571-
3577. https://doi.org/10.1016/j.physh.2008.05.032

Pérez-Gutiérrez, A., Garrufa, R., Vazquez, P., & Latournerie, L. (2016). Growth, phenology and
chlorophyll fluorescence of habanero pepper (Capsicum chinense Jacq.) under water stress
conditions. Acta Agrondmica, 66(2), 214-220. https://doi.org/10.15446/acag.v66n2.55897

Phimchan, P., Techawongstien, S., & Bosland, P. W. (2012). Impact of drought stress on the
accumulation of capsaicinoids in Capsicum cultivars with different initial capsaicinoid levels.
American Society Sfor Horticultural Science, 4709), 1204-1209.
https://doi.org/10.21273 /HORTSCI.47.9.1204

Rachmilevitch, S., Lambers, H., & Huang, B. (2006). Root respiratory characteristics associated
with plant adaptation to high soil temperature for geothermal and turf-type Agrostis
species. Journal of Experimental Botany, 57(3), 623-631. https://doi.org/10.1093/jxb/erj047

Ripullone, F., Guerrieri, M. R., Nole, A., Magnani, F., & Borghetti, M. (2007). Stomatal
conductance and leaf water potential responses to hydraulic conductance variation in Pznus
pinaster seedlings. Trees, 21(3), 371-378. https://doi.org/10.1007/s00468-007-0130-6

Sadeghipour, O., Aghaei, P. (2013). Improving the growth of cowpea (1zgna ungnicnlata 1.. Walp.)
by magnetized water. Journal of Biodiversity and Environmental Sciences, 3, 37-43.

Schenk, H. J., Steppe, K, Jansen, S. (2015) Nanobubbles: a new paradigm for air-seeding in
xylem. Trends n Plant Sciences, 20(4), 199-205.
https://doi.org/10.1016/j.tplants.2015.01.008

Cienc. Tecnol. Agropecnaria, 23(2): e2476
DOTL: https://doi.org/10.21930/tcta.vol23_num?2_art:2476


https://doi.org/10.21930/rcta.vol23_num2_art:2476
https://jast.modares.ac.ir/article-23-7594-en.html
https://scholar.ptuk.edu.ps/handle/123456789/371
https://doi.org/10.1080/01904167.2019.1617309
http://njpas.com.ng/wp-content/uploads/2017/04/14.pdf
https://doi.org/10.21930/rcta.vol19_num2_art:537
https://doi.org/10.1101/2021.09.21.461287
https://doi.org/10.1016/j.physb.2008.05.032
https://doi.org/https:/doi.org/10.15446/acag.v66n2.55897
https://doi.org/10.21273/HORTSCI.47.9.1204
https://doi.org/10.1093/jxb/erj047
https://doi.org/10.1007/s00468-007-0130-6
https://doi.org/10.1016/j.tplants.2015.01.008

Daniel Ivan Ospina-Salazat., et al Fruit yield of Tabasco pepper under

Schenk, H. J., Espino, S., Romo, D. M., Nima, N., Do, A. Y. T., Michaud, J. M,
Papahadjopoulos-Sternberg, B., Yang, J., Zuo, Y. Y., Steppe, K., Jansen, S. (2017). Xylem
surfactants introduce a new element to the cohesion-tension theory. Plant Physiol, 173(2),
1177-1196. https://doi.org/10.1104/pp.16.01039

Sullivan, G. M., & Feinn, R. (2012). Using effect size—or why the P value is not enough. Journal
of Graduate Medical Education, 4(3), 279-282. https://doi.org/10.4300/jgme-d-12-00156.1

Surendran, U., Sandeep, O., & Joseph, E. J. (2016). The impacts of magnetic treatment of
irrigation water on plant, water and soil characteristics. .Agricultural Water Management, 178,
21-29. https://doi.org/10.1016/j.agwat.2016.08.016

Valentovic, P., Luxova, M., Kolarovi¢, L., & Gasparikova, O. (2000). Effect of osmotic stress
on compatible solutes content, membrane stability and water relations in two maize
cultivars. Plant Soil & Environment, 52(4), 186-191. https://doi.org/10.17221/3364-pse

Yusuf, K. O., & Ogunlela, A. O. (2017). Effects of deficit irrigation on the growth and yield of
tomato (Solanum lycopersicum) irrigated with magnetized water. Environmental Engineering and
Management Journal, 73(1), 59-68. https://erem.ktult/index.php/erem/article/view /14138

Zuniga O, Benavides J. A., Ospina-Salazar D. L., Jiménez C. O., Gutiérrez M. A. (2010)
Tratamiento magnético de agua de riego y semillas en agricultura. Ingenieria y competitividad.
18(2), 217-32. https://doi.org/10.25100/ivc.v18i2.2170

Cienc. Tecnol. Agropecnaria, 23(2): e2476
DOTL: https://doi.org/10.21930/tcta.vol23_num?2_art:2476


https://doi.org/10.21930/rcta.vol23_num2_art:2476
https://doi.org/10.1104/pp.16.01039
https://doi.org/10.4300/jgme-d-12-00156.1
https://doi.org/10.4300/jgme-d-12-00156.1
https://doi.org/10.1016/j.agwat.2016.08.016
https://doi.org/10.1016/j.agwat.2016.08.016
https://doi.org/10.17221/3364-pse
https://doi.org/10.17221/3364-pse
https://erem.ktu.lt/index.php/erem/article/view/14138
https://doi.org/10.25100/iyc.v18i2.2170

