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Abstract: The effects of static and varying magnetic fields (MF) on shrinkage and

sprouting characteristics of stored potatoes were studied. Static MF was produced
by the use of direct current (DC), while alternating current (AC) produced varying MF.
Intensities of DC MF were set at 0.5, 1.0, 1.5, and 2.0 mT and those of AC MF set at
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Ware potato value chain actors often face losses
that are associated with sprouting. Lack of effec-
tive storage facilities for potato farmers in devel-
oping countries forces them to sell at a loss. This
is because they cannot hold their produce until
times of scarcity when they can attract good
prices. Commercial processors do not prefer
sprouted potatoes because when they sprout,
potato reduce their mass, become shriveled, and
this hinders their effective processability. When
potato sprouts, they develop toxins known as
glycoalkaloids, and this poses a health risk to
consumers. Sprouted and shriveled potatoes are
also not attractive. A novel environmentally
friendly technology was presented in this paper to
help reduce the chances of sprouting and shrink-
age of potatoes while under storage. Use of
magnetic fields (MF) has shown great potential in
the reduction of potato postharvest losses. The
information from this study will inform all actors
in the value chain of potatoes on how best to
improve the quality of potatoes between har-
vesting and consumption through effective sto-
rage mechanisms.
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0.2,0.4,0.6 and 0.8 mT. The exposure time of DC MF on potatoes was held at 10, 20,
40, 60, and 120 s, while the exposure time of AC MF was 10, 20, 40, 80, and 160
s. Potatoes were then stored in a dark room, with light intensity and temperature of
0 Im/m2 and 14 % 2 °C, respectively, for 8 weeks after which they were examined.
Weight reduction was significantly (P < 0.05) lower in potatoes that were subjected
to both DC and AC MF than in the untreated tubers. However, it is the DC MF of 2.0
mT that resulted in low acceptable weight loss of less than 10%. Fewer numbers of
sprouts per tuber were observed in potatoes that were exposed to DC MF of 0.5, 1.0,
and 2.0 mT for 60 s or AC MF of 0.4, 0.6, and 0.8 mT for 80 s, respectively. Our results
provide important insights on the applicability of static and varying magnetic fields
on reduction of postharvest losses in potatoes.

Subjects: Preservation; Applied Physics; Technology; Electromagnetics

Keywords: electromagnetic fields; potato storage; ware potatoes; postharvest losses

1. Introduction

Potato (Solanum tuberosum L) is the fourth most important and widely consumed food crop after
wheat, rice, and maize worldwide (Zaheer & Akhtar, 2016). It is a staple crop in more than 130
countries globally. The majority of urban and rural families in East Africa consider the crop as
a staple food (Kaguongo et al., 2008). In Kenya, it is the second most important staple crop after
maize (Muthoni et al., 2010) and has a greater potential of taking position one since it is fast
maturing and least affected by climate change unlike maize (Kaguongo et al., 2014). Its production
in Kenya has been put at 2,000,000 tonnes, contributes to 31.82 kg/capita/year of food, and
supplies 62 kcal, 1.31 g and 0.09 g/capita/day of energy, protein, and fat, respectively (FAOSTAT,
2019). Industrially, potatoes are a major source of starch that is used in the manufacture of paper
and cardboards, pastes, gums, glues, pharmaceuticals, and detergents, and they can also be used
to make vodka, salad, and livestock feed (Bond, 2014). In addition, potato farming is a source of
employment and income to many farmers in the sub-Saharan Africa (Kaguongo et al., 2008;
Muthoni et al., 2010). It is considered a critically important crop in developing world in assuring
food security due to its good nutritional value, fast maturity, and being less affected by increasing
world food prices. The less volatility of its price is because it is a globally under-traded commodity
that does not trade on major international commodities exchanges (Cromme et al., 2010; Furrer
et al.,, 2018). Thus, it plays a key role in food and nutritional security worldwide.

During storage, potato suffers many postharvest losses, where up to 30% of fresh produce is lost
(Ndaka et al., 2012). The main causes of the losses are excessive loss of moisture, decay because
of infection by micro-organisms, and sprouting (Lysakov et al., 2018; Sonnewald & Sonnewald,
2014). The commercial value of sprouted potatoes decreases drastically due to undesirable
changes in their morphological characteristics, such as loss of dry matter, decrease in potato
turgor, and increased concentrations of sugars as starch are hydrolyzed to support growth of
sprouts (Daniels-Lake et al., 2005; Kirkman, 2007). It has also been reported that toxins a-solanine
and a-chaconine develop in potato sprouts in considerable high quantities (Romanucci et al.,
2016). In addition, consumption of potatoes that have sprouted predisposes humans to toxic
food that leads to vomiting, diarrhea, fever, and other diseases such as dyspnea, emesis, and
convulsion (Koffi et al., 2017; Zhang et al., 2018). Sprouting of potatoes while they are still in
storage forces farmers in Kenya to sell at low prices. Because sprouting is one of the main
obstacles to the sustainable development of the potato processing industry, technologies to inhibit
sprouting of potatoes while in storage are paramount. (Lysakov et al., 2018; Sonnewald &
Sonnewald, 2014; Zhang et al., 2018).
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Several biological, physical, and chemical methods of inhibiting sprouting in potatoes have been
in use in different parts of the world, but each one of them has had shortcomings. Biological
inhibitors only delay sprouting for a short time and are limited to specific varieties (Zhang et al.,
2018). Physical inhibitors include irradiation and cold storage, both of which have been effective in
delaying sprouting of tubers to some extent. However, potatoes treated to these conditions are
often compromised on process quality due to high accumulation of reducing sugars, which in turn
causes darkening colour of potatoes, that becomes even more pronounced during frying with the
formation of acrylamide (Bradshaw & Ramsay, 2009; Daniels-Lake et al., 2005; Frazier et al., 2006;
Mehta et al., 2014; Zhang et al., 2018). In addition, it is expensive to store potatoes in cold
temperatures and thus many smallholder farmers in the sub Saharan Africa and other developing
countries do not afford to install such a facility. The most effective inhibitor has been the synthetic
chlorpropham (isopropyl N-chloro-phenylcarbamate, CIPC), though it has raised several consumer
and environmental issues and as a result, it has been banned in many countries (Daniels-Lake
et al., 2005; Sonnewald & Sonnewald, 2014; Zhang et al., 2018). There is thus the need to identify
an effective method of inhibiting sprouting in potatoes intended for processing. Use of magnetic
flux density presents that potential.

MF have been used to suppress undesirable traits in food crops. A review by Belyavskaya (2004)
showed that germination of various plants’ seedlings was suppressed by weak magnetic field
(WMF), either by suppressing proliferative activity in meristem of plant roots, cell division, growth
processes and cell reproductive cycle or by altering metabolic processes, activity of enzymes, and
balance of calcium ions. Maffei (2014) documented that WMF delayed organ development in
barley by delaying formation of shoots and roots in barley seedlings. Studies on the effects of
MF on seed potato reported increased yield (Cramariuc et al., 2005; Pittman, 1972) and effective
control of late blight (Statsyuk et al., 2015). Stepura and Talanov (2015), however, have shown that
the behaviour and characteristics of potato tuber as well as sprouts, in response to MF, are
dependent mainly on intensity and pre-treatment time with magnetic fields. Lysakov et al.
(2018) studied the effects of DC- and AC-induced MF on storage loss of ware potatoes, where
tubers were exposed to 1.27 and 0.3 mT for the DC- and AC-activated MF, respectively, with
exposure time being varied for 10 to 60 s. They reported varied mass loss of between 18 and
72% depending on the MF intensity and exposure time. However, they did not account for the loss
in mass, which could be caused by evaporation, respiration, or sprouting. Hence, there is need to
study the potential of MF in inhibiting sprouting of potatoes during storage to reduce their
postharvest losses, which, to the best of our knowledge, has not been studied.

2. Materials and methods

2.1. Materials

Clean and healthy potatoes (Shangi variety—chosen due to its high preference by Kenyan potato
farmers) were collected from a certified potato farmer in Nakuru county, Kenya. Due diligence was
done to ensure that good agricultural practices were performed during the growth and harvesting
of the potatoes. The potatoes were sorted according to size and tubers of 50 mm in diameter or
more were selected. These were cured for 5 days at room temperature (14 + 2 °C). The tubers were
then subjected to varying strengths of magnetic fields and thereafter stored and monitored for
shrinkage and sprouting.

2.2. Generation and application of magnetic fields

Magnetic fields were generated by the use of double Helmholtz coils (06960-00, PHYWE Systems
GmbH & Co, Gottingen, Germany; 154 turns, 20 cm in radius) that were placed at a distance equal
to their radii (Figure 1). The coils were connected to a variable power supply (13,530-93, PHYWE
Systems GmbH & Co, Gottingen, Germany. Input: 230 V, 50-60 Hz; DC output: 0-12 V, 5 A; AC
output: 0-15 V, 5 A) that supplied either direct or alternating current. Varying magnetic intensities
of 0.5, 1.0, 1.5, and 2.0 mT and 0.2, 0.4, 0.6, and 0.8 mT were obtained by varying both the direct
and alternating currents, respectively, as shown in Table 1. The power supply could not generate
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Figure 1. Schematic represen-
tation of treatment of potato
tubers with magnetic fields
generated by double Helmholtz
coils.
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more than 1.0 mT through the alternating current, and thus the reason why magnetic intensities
were low in AC than in DC. A multimeter (2010 Dmm, PeakTech, Ahrensburg, Germany) was used to
measure amount of current and voltage, while a tesla meter (13,610.93, PHYWE Systems GmbH &
Co, Gottingen, Germany), fitted with a Hall effect sensor, was used to measure the amount of
magnetic flux that was established.

Six tubers were weighed using an electronic weighing scale (TXB6201L, Shimadzu, Rosario,
Cavite, Philippines) and put in a mesh net fabric with holes of 12.5 mm in diameter. The weight
of the tubers varied between 330.5 and 493.2 g. The net with tubers was placed at the centre of
the Helmholtz coils by hanging it using a thread that was tied to a wooden blackboard ruler which
was held tight by two stands that stood on far ends of the centre of coils. Tubers were then
subjected to varying magnetic intensities for 10, 20, 40, 60, and 120 s for direct current and 10, 20,
40, 80, and 160 s for alternating current, respectively. Holding times for AC-induced MF were

Table 1. Magnetic field (MF) intensities generated through direct currents (DC) and alternating

currents (AC)

Intensity (mT) Voltage (V) Current (A)
DC-activated MF intensities

0.5 3.85 0.72
1.0 8.50 1.60
1.5 11.95 241
2.0 14.35 291
AC-activated MF intensities

0.2 7.35 0.47
0.4 11.60 0.75
0.6 16.30 1.04
0.8 21.45 1.33
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Intensity (mT)

Weight
reduction (%)

No. of sprouted
potatoes (%)

No. of sprouts
per tuber

Length of
Longest Sprout
(mm)

Sprout base
thickness (mm)

Sprouting
capacity (%)

Effects of DC-activated MF intensities

0.0

19.115 + 1.095a

88.330 + 0.000ab

2.500 + 0.500a

10.225 £ 0.625a

3.405 + 0.335ab

0.220 + 0.020a

0.5

11.963 + 0.595hc

73.810 + 7.081bc

1.500 + 0.167b

8.242 + 0.445c

3.286 + 0.094b

0.167 + 0.021b

1.0

11.420 £ 0.620c

71.668 + 3.764c

1.500 £ 0.167b

8.879 £ 0.552bc

3.485 + 0.152ab

0.141 + 0.019bc

1.5

12.616 £ 0.557b

81.905 + 5.812ab

1.700 £ 0.153b

10.027 £ 0.440a

3.653 + 0.080ab

0.160 + 0.015b

2.0

9.992 + 0.175d

83.570 + 3.528a

1.200 + 0.133b

9.225 + 0.403ab

3.723 £ 0.112a

0.113 £ 0.017c

Effects of AC-activated MF intensities

0.0

19.935 + 0.915a

100.00 £ 0.000a

2.000 + 0.000a

10.215 £+ 0.015a

3.855 + 0.035a

0.345 + 0.075a

0.2

12.395 + 1.088b

88.332 + 3.557b

1.800 + 0.133b

9.172 + 0.255b

3.646 + 0.081b

0.183 + 0.012b

0.4

13.272 £ 0.743b

68.333 + 4.614c

1.500 £ 0.167bc

10.426 + 0.906a

3.864 + 0.100a

0.187 £ 0.021b

0.6

13.591 + 0.754b

70.120 + 3.034c

1.300 £ 0.153c

10.037 £ 0.479a

3.632 + 0.107b

0.192 + 0.009b

0.8

13.391 £ 0.630b

68.096 + 3.352c

1.600 £ 0.163b

8.097 + 0.491c

3.518 £ 0.165b

0.129 + 0.027c

Means followed by the same letter along the same column are not significant at P < 0.05. Means are presented as means * standard error of the mean.

slightly increased than those of DC to compensate for the low intensities in AC MF. Treated
potatoes were then stored in a dark room with a light intensity of 0 Im/m? and a temperature of
14 + 2 °C for 8 weeks, after which they were sampled for shrinkage and sprouting characteristics.

2.3. Evaluation of sprouting and shrinkage properties of tubers

Sprouting characteristics and shrinkage were determined as outlined by Gachango et al. (2008).
The number of sprouted tubers from each lot were counted and expressed as a percentage of the
total number of tubers in the sample. A tuber was considered as having sprouted if it had at least
one visible sprout of at least 3 mm in length. For evaluation of the number of sprouts per tuber
(NST), all sprouted tubers were picked from each lot, and sprouts in each tuber were counted then
averaged per number of sprouted tubers. The length of the longest sprout per potato and thickness
of the sprout base were measured using a digital vernier caliper (Mars Edpal Instruments Pvt. Ltd,
Ambala, India). All tubers from each sample were de-sprouted and weight of the sprouts was
recorded. Sprouting capacity was then calculated as a percentage of the fraction of weight of
sprouts to the weight of tubers in each sample. For shrinkage evaluation, the final weight of the
tubers was expressed as a percentage of the initial weight at the beginning of storage.

2.4. Statistical analyses

Data were analysed for variance using the Generalized Linear Model (PROC GLM) procedure of the
Statistical Analysis System (SAS 9.1; SAS Institute, Inc., Cary, North Carolina). Differences between
the treatment means were determined using Tukey’s HSD (honestly significant difference) test at
P < 0.05) significance level.

3. Results

3.1. Effects of DC- and AC-activated magnetic intensities on shrinkage and sprouting
characteristics

The effects of MF intensity on weight reduction and sprouting behaviour of potatoes are given in
Table 2. The highest weight reduction was recorded in the control sample (0 mT) for both the DC-
and AC-activated MF. This reduction was significantly (P < 0.05) high than all other potatoes that
were treated with MF. The least weight reduction was observed with the DC-activated MF for the
2.0 mT. Generally, MF activated by AC resulted in higher weight reduction than fields that were
generated through DC. The control sample had all its potatoes sprouting after the 2 months. There
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Holding time (s)

Weight
reduction (%)

No. of sprouted
potatoes (%)

No. of sprouts
per tuber

Length of
longest sprout
(mm)

Sprout base
thickness (mm)

Sprouting
capacity (%)

Effects of DC-activated magnetic fields

10 13.273 £ 0.831a 72.323 + 4.718bc 1.625 + 0.183a 8.273 + 0.545b 3.229 £+ 0.145b 0.173 + 0.022a
20 11.273 £ 0.444b 77.679 % 6.135bc 1.625 + 0.183a 8.306 + 0.592b 3.555 + 0.135ab 0.143 + 0.021ab
40 11.190 £ 0.531b 91.963 + 3.050a 1.500 + 0.189%ab 10.018 £ 0.288a 3.714 £ 0.102a 0.160 + 0.024a
60 10.956 £ 0.397b 70.834 + 8.183c 1.250 + 0.164b 9.485 + 0.661ab 3.610 + 0.149ab 0.113 £ 0.018b
120 10.798 + 0.702b 82.144 £ 5.673ab 1.375 £ 0.106ab 9.385 + 0.413ab 3.576 + 0.106ab 0.139 £ 0.017ab

Effects of AC-activated magnetic fields

10 16.543 + 0.435a 67.560 + 6.019 2.000 + 0.000a 9.135 + 0.451bc 3.476 £ 0.112c 0.195 + 0.021a
20 12.655 £ 0.616b 77.083 + 5.398 1.375 £ 0.183bc 9.540 + 0.514ab 3.711 + 0.080b 0.174 + 0.024ab
40 10.593 + 0.382c 76.041 £ 2.919 1.500 + 0.189bc 9.894 £ 0.787ab 4.035 + 0.168a 0.170 + 0.020ab
80 12.768 £ 0.819b 71.429 £ 4.123 1.250 £ 0.164c 10.914 £ 0.988a 3.740 + 0.147ab 0.191 + 0.023a
160 13.254 £+ 0.684b 76.489 £ 6.176 1.625 + 0.183b 8.358 + 0.411c 3.363 + 0.166¢ 0.134 £ 0.020b

Means followed by the same letter along the same column are not significant at P < 0.05. Means are presented as means * standard error of the mean.

also seemed to be a reduction in the number of sprouted potatoes as AC MF were increased
linearly. On the other hand, high DC magnetic intensities (1.5 and 2.0 mT) resulted in increased
number of potatoes that had sprouted. Numbers of sprouts per tuber were recorded in significant
(P < 0.05) high numbers in the control tubers. There was no significant (P < 0.05) difference in the
number of sprouts per tuber among various magnetic intensities (0.5, 1.0, 1.5 and 2.0 mT) for the
DC generated fields. However, for the AC generated fields, intensity of 0.6 mT resulted in low
numbers of sprouts per tuber that significantly (P < 0.05) differed with intensities of 0.2 and 0.8 mT.
The length of the longest sprout and thickness of the sprout base were least observed when DC
and AC MF intensities were set at 0.5 and 0.8 mT, respectively. The optimum intensities that gave
maximum length of the longest sprout and sprout base thickness were 1.5 and 0.4 mT for the DC-
and AC-activated fields. Increasing magnetic intensities reduced the sprouting capacity of tubers
where 2.0 and 0.8 mT of DC and AC magnetic intensities recorded significant (P < 0.05) low levels of
sprouting capacity than all other intensities, respectively.

3.2. Effects of varied holding times of magnetic intensities on shrinkage and sprouting
characteristics

Influence of different holding times of MF on sprouting behaviour of potatoes is given in Table 3.
Increasing holding time from 10 to 120 s reduced shrinkage in tubers that were treated with DC-
activated MF. For both DC and AC magnetic fields, 10 s of holding time resulted into higher weight
reduction that was significant (P < 0.05) from other holding times. The optimum amount of holding
time for sprouting appeared to be 40 s, where number of sprouted potatoes was highest for both
currents. This time was significant (P < 0.05) for the DC but not for AC-induced fields. The number
of sprouts per tuber were least observed at 60 and 80 s of holding time for the DC- and AC-
activated fields, respectively, and was maximum with the 10 s for both cases. An interesting trend
was observed for the length of the longest sprout, where for both currents, elongation was higher
for each consecutive increase in amount of time until an optimum holding time was achieved; 40
and 80 s for the DC- and AC-induced fields, respectively. Just like sprouting, the sprout base
thickness had an optimum holding time of 40 s in both cases, after which the thickness reduced
with subsequent addition of holding time. Capacity of potatoes to sprout was at maximum with
minimum amount of holding time (10s), while 60 and 160s resulted into least capacity of sprouting
in the DC- and AC-activated MF, respectively.
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Figure 2. Effects of interaction
between DC-activated mag-
netic field intensities and hold-
ing time on shrinkage and
sprouting characteristics of
potatoes. Error bars represent
standard error of individual
means.
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3.3. Effects of interaction between magnetic field intensities and holding time on shrinkage
and sprouting characteristics of potatoes

Shrinkage and sprouting characteristics of potatoes as influenced by DC-activated MF intensities
under various holding times are given in Figure 2. At 10 and 20 s of holding time, tubers that were
exposed to 2 mT recorded significant (P < 0.05) lower weight reduction than those that were
subjected to 0.5, 1.0, and 1.5 mT. Apart from the 40 s of holding time, subjecting tubers to 1.5 mT
for 10, 20, 60, and 120 s resulted into significant (P < 0.05) high weight reduction. The least
occurrence of sprouting was observed when tubers were treated with 0.5 mT for 60 s, while 40
s resulted into high numbers of sprouted potatoes for all the intensities. Subjecting potatoes to 0.5,
1.0, and 2.0 mT for 60 s caused minimal numbers of sprouts per tuber, while intensity of 1.5 mT for
60s resulted into longest sprout whose length was significant (P < 0.05). Tubers with minimal
sprout base thickness were obtained when potatoes were exposed to 0.5 mT for 10, 20, and 60
s and also, when intensity of 1.0 mT was applied for 10s. An interesting scenario was observed for
sprouting capacity where increasing magnetic intensity from 0.5 to 2.0 mT for 40 and 120
s resulted into subsequent reduction of sprouting capacity.

The effects of AC-activated MF intensities under various holding times on shrinkage and sprout-
ing characteristics are shown in Figure 3. All magnetic intensities (0.2, 0.4, 0.6, and 0.8 mT) resulted
into significant (P < 0.05) higher weight reduction when held for 10s than under 20, 40, 80, and 160
s. An increase in magnetic field intensity from 0.4 to 0.8 mT led to a corresponding decrease in the
number of sprouted potatoes when the intensities were held for 20 and 40 s, but holding them for
80 and 160 s resulted into an increase in the number of sprouted tubers for each subsequent
increase of magnetic intensity. Holding magnetic intensities for 80 s majorly reduced the number
of sprouts per tuber where potatoes that were exposed to 0.4, 0.6, and 0.8 mT gave minimum
number of sprouts. The length of the longest tuber was highest recorded when potatoes were
exposed to an intensity of 0.4 mT for 80 s but was least observed with 0.8 mT under 40 and 160
s of holding time. Significant (P < 0.05) lower base thickness of sprout was recorded with exposure
of tubers to 0.8 mT for 160 s. It was also noted that an increase in magnetic field intensity at 160
s of holding time resulted into subsequent decrease in the sprout base thickness. An increase in
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Figure 3. Effects of interaction
between AC-activated mag-
netic field intensities and hold-
ing time on shrinkage and
sprouting characteristics of
potatoes. Error bars represent
standard error of individual
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intensity from 0.2 to 0.6 mT had a linear increase in sprouting capacity of tubers when the
magnetic fields were held for 10 and 40 s. On the other hand, there was a linear decrease in the
capacity of tubers to sprout when magnetic intensities were increased from 0.4 to 0.8 mT and used
to treat potatoes for 20 and 80s.

3.4. Correlation of response variables

Correlation matrix plots for response variables as influenced by DC-activated MF are shown in

Figure 4. The strength and significance of relationships were ascertained by performing a Pearson’s

correlation analysis at a confidence level of 95%. The moderate positive correlation between
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Figure 5. Correlation matrix
plots for the response variables
as affected by AC-activated
magnetic fields. WR; weight
reduction, SP; sprouted pota-
toes, NST; number of sprouts
per tuber, LLS; length of the
longest sprout, SBT; sprout base
thickness, SC; sprouting capa-
city, LT; length of tuber.
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capacity indicated that the more sprouts there were per tuber and the higher the capacity of
tubers to sprouts, the more weight was lost from potatoes, r = 0.48, p = 0.012 and r = 045,
p = 0.003, respectively. A strong positive correlation was observed between sprouting capacity and
the number of sprouts per tuber, r = 0.80, p < 0.001. A moderate positive correlation between
length of the longest sprout and sprout base thickness (r = 0.57, p < 0.001) as well as the length of
the longest sprout and sprouting capacity (r = 0.40, p = 0.010) showed that the thicker the base of
sprout and the higher the sprouting capacity of tubers, the longer the sprout. There was also
a moderate positive relationship between length of the tuber and number of sprouted potatoes,
r=0.33, p=0.036.

Matrix plots for correlation among response variables as affected by AC-induced MF is as shown
in Figure 5. Unlike in DC MF, the negative correlation between weight reduction and sprout base
thickness was significant, r = —0.32, p = 0.037. Interestingly, the moderate correlation between
number of sprouts per tuber and length of the longest sprout was negative, r = —-0.44, p = 0.013,
while the same was positive and non-significant in DC MF. Just like in DC-induced fields, there was
a strong positive correlation between the length of the longest sprout and sprout base thickness
(r=10.61, p<0.001) and a moderate positive correlation between the length of the longest sprout
and sprouting capacity (r = 0.44, p = 0.003). Sprouting capacity and sprout base thickness showed
a moderate correlation, r = 0.40, p = 0.010.

4. Discussion

Magnetic fields either initiated or suppressed sprouting based on the intensity and amount of
holding time applied. Sprouting of potatoes start to occur when stored potatoes break their
dormancy. The dormancy period is determined by the cultivar of the potato, maturity of the
tuber before harvesting, weather and soil conditions, and the type of treatment that is applied
before storage (Pinhero et al., 2009; Sonnewald & Sonnewald, 2014). In this study, the same
variety of potato, which was grown under the same climatic conditions and harvested at the
same stage of maturity, was used. In addition, the treated potatoes were stored under the same
storage conditions, and this ensured that sprouting was only influenced by the MF. It was evident
that potatoes treated with MF recorded low weight reduction than the control (untreated
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potatoes), at the end of the storage period. We argue that MF slowed down the rates of respiration
and transpiration in the tubers under storage, and thus, reducing the weight that was lost. During
respiration, potatoes break down glucose and produce carbon dioxide, water, and heat. The
liberated heat favours moisture loss from tubers by reducing the relative humidity of the surround-
ing air thereby increasing its moisture holding capacity (Singh et al., 2020). Therefore, MF could
have lowered the physiological process of tubers by hindering synthesis of starch to glucose
thereby discouraging pronounced respiration.

Weight loss can also can be caused by excessive sprouting of tubers. This explains why the more
sprouts there were per tuber, the more the weight reduction was recorded. A tuber with multiple
sprouts causes more shrinkage than one with few or one sprout (Struik, 2007). Typically, shangi
variety has a short dormancy period of less than 1 month (NPCK, 2017), indicating that the potato
start to sprout within a few days of storage. This causes many losses especially if the potato was
intended for processing due to reduction in commercial value (Singh et al., 2020). Both the DC and
AC MF recorded lower number of sprouted potatoes and low number of sprouts per potato than
the control and this shows that MF is promising in prolonging the dormancy of shangi and in effect
improving its marketability. This is a breakthrough given that sprouting and evaporation account
for 90% of the total weight loss of stored potatoes (Gachango et al., 2008). Our findings that DC-
induced MF resulted in lower weight reduction than the AC magnetic fields agrees with the findings
of Lysakov et al. (2018); however, our study reported lower weight losses than Lysakov et al.
(2018), which could probably be attributed to differences in potato variety and storage conditions.
A DC-induced MF of 2.0 mT resulted into high numbers of sprouted potatoes, although the number
of sprouts per sprouted potato was low and weight reduction was low. This could be due to the
dominance of the apical bud that suppresses growth of lateral buds.

Phytohormones play a vital role in the sprouting of potatoes. Of primary concern is abscisic acid
(ABA) which is vital in initiation as well as the sustenance of dormancy (Sonnewald & Sonnewald,
2014). Subjecting potatoes to DC MF for 60 s and AC MF for 80 s may have activated the synthesis
of increased ABA which favoured prolonged dormancy resulting into fewer number of sprouted
potatoes as well as number of sprouts per potato. Treating tubers to DC MF for 40 and 120 s may
have induced production of cytokinins that aided in breaking of dormancy resulting into higher
numbers of sprouted potatoes while on the other hand inhibiting synthesis of gibberellins, which
promotes growth of many sprouts, and thus the low number of sprouts per tuber (Bishop et al.,
2012; Mani & Hannachi, 2015). It is plausible that all MF intensities suppressed auxin hormone that
is known to promote vascular development for support of growing sprouts (Mani & Hannachi,
2015), thus the low number of sprouted potatoes as well as number of sprouts per tuber. It is also
likely that application of MF encouraged production of phenolic compounds by the potato peri-
derm and other growth inhibitors such as volatiles, contributing to continued dormancy (Suttle,
2004).

Physiological ageing of potato is monitored through sprouting capacity where sprouting
capacity increases as the ageing progresses (Jeong et al., 2008). It can thus be said that
exposing potatoes to DC and AC magnetic intensities of 2.0 and 0.8 mT, respectively, for all
exposure periods apart from the 10 s favoured ageing of tubers thereby giving higher sprouting
capacity at the end of storage period. When potato age physiologically, sprouts develop,
respiration and evaporation increases and consequently, shrinkage increases. This is evident
by the scenario that the treatment combinations of magnetic intensities and holding time that
resulted into higher sprouting capacity also contributed to high weight loss. Length of the
longest sprout is a good indicator of the general sprout development within a tuber (Wurr,
1978). It can therefore be argued that subjecting potatoes to DC and AC MF of 1.5 and 0.4 mT
for 60 and 80 s, respectively, favours tuber metabolism resulting into well-developed sprouts.
Sprout base thickness is a parameter that informs on the vigour of sprouts, and is particularly
important when tubers are to be used as seed material, where high values are desired
(Gachango et al., 2008). In this study, storage was done for future processing of potatoes and
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therefore subjecting potatoes to 1.0 and 0.8 mT for 10 and 160 s would be recommended for
low sprout base thickness when MF are induced by DC and AC, respectively.

Correlation analyses have confirmed that sprouting of tubers has a direct negative impact on the
quality of potatoes by reducing their weight. When sprouts develop, they promote moisture loss
from the tuber because their epidermis is 100 times more water permeable than the periderm of
the tuber (Paul & Ezekiel, 2006), thus the reduction in weight of the tuber. Our finding that the
number of sprouts per tuber had a positive significant correlation with weight loss has also been
reported by Nyankanga et al. (2018) and Pande et al. (2007). Weight loss of above 10% is
considered unacceptable because such tubers are predominantly shrivelled and this lead to their
reduced marketability (Ezekiel et al., 2004). Findings from this study show that DC-induced MF of
2.0 mT has the potential of reducing weight loss to below 10%. In addition, AC-induced MF of 0.6
mT has the same potential although exposure of tubers to this intensity must be held for 40 s. A
moderate negative correlation between the number of sprouts per tuber and the length of longest
sprout has also been reported by other studies (Singh and Ezekiel, 2003; Pande et al., 2007). The
positive correlation between sprout base thickness and length of the longest sprout could be due
to remobilization of sugars and proteins within the tuber, localizing them within the base of the
sprout that eventually supported growth of the sprout.

5. Conclusion

It is desired that ware potatoes do not sprout while under storage, rest their marketability reduce.
This study was conducted to assess the applicability of magnetic fields in reducing sprouting and
weight reduction of potatoes. Acceptable weight reduction of less than 10% was observed in tubers
that were exposed to DC MF of 2.0 mT and AC MF of 0.6 mT with holding time of 40s. Tubers that were
treated with DC- or AC-induced MF recorded a low number of sprouts per tuber than the untreated
tubers, and thus magnetic fields have the potential of reducing post-harvest losses in potatoes.
Further research should be done to investigate how MF affect the expression of phytohormones that
are involved in sprouting of potatoes including abscisic acid, cytokinins, gibberellins, and auxin.
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