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Abstract
Aim : The aim of this study was to test the effects of priming on the germination of deteriorated orthodox seeds of five plant species.

Methodology : The water content of seeds were raised

to 14%, and the seeds then deteriorated to 50% viability flgsh seces fiiglied deterioratd
at 40°C and 100% relative humidity. Deteriorated seeds L l

and fresh seeds of test species were then primed with :

cathodic water, un-electrophorized calcium magnesium l -

solution and deionised water. Unprimed fresh and / \
unprimed controlled deteriorated seeds served as l l

controls. Germination indices were determined.

Results : In general, all priming treatments had positive L L
effects on the germination indices of deteriorated seeds
of all species, and a lesser extent on fresh seeds.
However, seeds treated with cathodic water performed ; @ ¢ ¢
better than seeds treated with either CaMg solution or _

deionised water. While controlled deterioration reduced
DNA concentrations and the DNA purity of seeds, e

Primed seeds (phase 3 of imbibition)

priming, particularly with cathodic water had a protecting germina =

effecton DNA. Priming also boosted amylase activities in l Amylase activities Improvement in DNA

both fresh and deteriorated seeds. . improved in all purity and concentrations
] ‘ . _ CW had the best influence treated seeds, CW B Elltreatments

Interpretation : Results are consistent with cathodic on germination indices best cathodic water

water reducing oxidative stress during imbibition. l

Cathodic water seed priming, therefore, has the potential l J,

to Pljay a significant role in the conservation of orthodox Deteriorated seeds benefited from priming more than fresh seeds

seeds.
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Introduction

Plants produce seeds that are either “orthodox”, which
tolerate dehydration and can be stored dry, or “recalcitrant”, which
are damaged by loss of only a small amount of water and cannot
be stored for practical purposes (Berjak and Pammenter, 2008).
Orthodox seeds, and the genetic resources they contain, can be
effectively conserved in seeds banks (Walters et al., 2005).
However, during long-term storage, even under optimal
conditions, orthodox seeds deteriorate. Deterioration of seeds
during long-term storage is known as ageing, and during this
process both germination and seedling vigour are gradually lost
(Garza-Caligaris et al., 2012). Seed deterioration is of global
concern with respect to long-term conservation of genetic
diversity of both wild species and agricultural plants (Zhang et al.,
2016). The major focus of long-term seed conservation has been
on the critically endangered species (Raimondo, 2015). However,
there is also an urgent need to conserve the genetic resources of
species of “actual or potential economic concern”. Preservation of
genetic diversity of crop plants is essential for future breeding
programs to produce varieties that perform well under future
climate change scenarios, particularly in sub-Saharan Africa
where the effects of climate change are likely to be severe
(Jorgensonand Burns, 2007; FAQ, 2018).

In seeds of many plants, a loss of vigour, indicated by a
reduction in the rate of germination, often precedes a gradual or
abrupt decline in viability during storage (Finch-Savage and
Bassel, 2016). The main factors contributing to loss of vigour are
storage time, relative humidity and temperature of the storage
environment, mechanical damage, seed water content, presence
of microflora and seed maturity (McDonald, 2004; Yari et al.,
2011; Vijayakumar et al., 2019). The underlying cause of seed
deterioration is unclear, but a major contributing factor is believed
to be the production of reactive oxygen species (ROS), which can
attack any biomolecule, and induce programmed cell death
(Kranner et al., 2010), eg., ROS-mediated lipid peroxidation has
now been accepted as a major cause for cellular damage in
deteriorated seeds (Walters et al., 2005; Mahjabin and Abidi,
2015). Ultimately, DNA can be damaged, resulting in delay in cell
division and germination (Berjak, 2006).

While a major cause of the inability of recalcitrant seeds to
tolerate drying appears to be uncontrolled ROS production
(Whitaker et al., 2010), orthodox seeds have internal
mechanisms that reduce the damaging effect of ROS. Such
systems include both ROS scavenging enzymes such as
superoxide dismutase (SOD), peroxidases (POX) and catalases
(CAT), and also non-enzymatic antoxidants such as ascorbate,
glutathione and tocopherol (Berjak et al., 2011). As seeds are
stored for a progressively longer period, these mechanisms start
breaking down, and seeds begin to deteriorate. It has been
suggested that one way of slowing the rate of deterioration would
be to exogenously supply antioxidants such as ascorbic acid,
however, success has been variable and some antioxidants are
cytotoxic at high concentration (Lehner et al., 2008; Berjak et al.,

2011). Recently, a novel approach that allows desiccation of
embryonic axis of recalcitrant seeds has been described,
involving treatment with “cathodic water” (Berjak et al., 2011;
Naidoo et al., 2010). Cathodic water is a powerful antioxidant, and
is the cathodic fraction of an electrolysed, dilute ionic solution of
calcium and magnesium solution. A preliminary report suggests
that treatment with cathodic water may improve the subsequent
storage of orthodox seeds (Gondwe et al., 2016). However, it is
unclear whether cathodic water can invigorate deteriorated
orthodox seeds. Therefore, the aim of the present study was to
test whether cathodic water can improve the vigour of
deteriorated orthodox seeds of agricultural (Pisum sativum and
Cucurbita pepo) and wild (Bolusanthus speciosus, Combretum
erythrophyllum and Erythrina caffra) plants.

Methods and Materials

Plant materials: Seeds of five orthodox species were acquired
from local seed companies around South Africa. The agricultural
plants selected for the study were Pisum sativum L. (pea) and
Cucurbita pepo L. (pumpkin), while the wild species included
Bolusanthus speciosus (Bolus), Harms (tree wisteria),
Combretum erythrophyllum (Burch.), Sond (River bush willow)
and Erythrina caffra Thumb. All seeds were stored in airtight
containers at 4°C until further use. Wild species had seed coat-
induced or “physical” dormancy and therefore, the seed coats of
B. speciosus and E. caffra were mechanically scarified, and the
samara covering the seeds of Co. erythrophyllum were excised.
Seeds of similar size were selected for further study.

Controlled deterioration of seeds: The initial water contents of
the test species were determined gravimetrically. Using a water
chamber, the water content of seeds were raised to 14%, after
which the seeds were subjected to controlled deterioration at
40°C and 100% relative humidity in a digital oven (Series 2000,
Scientific, USA). Seeds were sampled from the oven at 4 day
interval and germination was tested until complete loss of
germination occurred. The time required for 50% inhibition of
germination was estimated (P,;), and the process was repeated to
confirm the repeatability of the estimation. Seeds aged to P,, were
used for further study.

Preparation of calcium-magnesium solution and cathodic
water: A calcium-magnesium solution (CaMg) of 0.5 uM CaCl,
and 0.5 mM MgCl, was prepared. The CaMg solution was
autoclaved for sterilization and stored in a refrigerator. When
required, 200 ml of CaMg solution was decanted into two glass
beakers, and then platinum electrodes were immersed in the
solutions, anode in one beaker and cathode in another. The circuit
was completed with an agar-based salt bridge, and the solution
was electrolysed at 60 V potential difference using a Bio-Rad
PowerPac™ Basic (Bio-Rad, USA) power pack for 1 hr at room
temperature yielding anodic (oxidizing) water at pH 2.4, and
cathodic (reducing) water at pH 11.2 (Berjak et al., 2011). The
anodic water was discarded whereas cathodic water was used
within 1 hr.

¢ Journal of Environmental Biology, September 2020 ¢



Kayode Fatokun et al.. Cathodic water and germination

Seed priming: Three priming solutions used were cathodic
water, CaMg solution and deionized water. Seeds were hydrated
by placing them between 20 layers of single-ply paper towel,
which was placed on aluminium foil. To prime the seeds, either 50
ml (for P. sativum, Cu. pepo and E. caffra) or 30 ml (for B.
speciosus and Co. erythrophyllum) of solutions were added. The
seeds were hydrated in the priming solutions for 24 hr (P, sativum
and Cu. pepo), 48 hr (Co. erythrophyllum) or 18 hr (E. caffra and
B. speciosus), corresponding to a point close to, but just before
the emergence of radicle. After hydration, the seeds were dried
back to their original masses under ambient laboratory conditions
for 7 (P sativum and Cu. pepo), 6 (E. caffra), 5 (Co.
erythrophyllum) or 4 days (B. speciosus). The seeds were keptin
air-tight bottles is a refrigerator until further use.

Determination of DNA purity and amylase activity: DNA was
extracted at the end of phase 2 from seeds hydrated in priming
solutions (cathodic water, calcium magnesium solution and
deionised water). Briefly, seeds were ground into a fine powder
(“seed meal”) and approximately 70 mg of powdered seeds were
transferred in to a 1.5 ml Eppendorf tubes containing 700 pl of
extraction buffer. The tubes were incubated for 10 min at 65°C,
and then 200 pl of 5 M potassium acetate was added. Tubes were
vortexed, stored in ice for 10 min, and then centrifuged at 12000
rpm for 10 min at4°C. Supernatant (400 ul) was transferred into
a new tube and 400 pl of iso-propyl alcohol was added. The
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supernatant was discarded and the pellets were washed twice
with 500 pl ethanol, centrifuging at 8000 rpm for 3 min for each
wash. The pellets were then dried at room temperature, re-
suspended in 50 - 100 pl of deionized water and stored at -40°C.
The concentration and purity of DNAwas read with Multiskan Sky
NanoDrop™ Spectrophotometer (Thermo Fisher Scientific,
Wilmington, Delaware USA). P. sativum and Cu. pepo were
selected to investigate the effect of priming on amylase activity.
The seeds were hydrated in the priming solution until the
beginning of phase 3. Thereafter, 1 g was homogenized with 10
ml of ice cold 10 mM CaCl, solution and amylase activity was
estimated following the method of Devi et al. (2014).

Seed germination: Germination was tested at 25°C using 16 hr
light / 8 hr dark cycle. Seeds were placed in 90 mm Petri dishes
with five layers of moist germination paper under neath and
another layer on top. Each treatment comprised 100 seeds
divided in four replicates of 25 seeds arranged in a randomized
design. Each replicate of 25 seeds was separated into five Petri
dishes with five seeds per Petri dish to minimize competition
between the seedlings. There were six seed priming treatments
and two controls. The seed priming treatments were as follows:
aged seeds primed with cathodic water (ASP.CW); aged seeds
primed with CaMg solution (ASP.CM); aged seeds primed with
distilled water (ASP.DW); fresh seed (unaged) primed with
cathodic water (FSP.CW); fresh seeds primed with CaMg solution

Table 1: Effects of cathodic water, calcium magnesium solution and deionized water treatments on the germination parameters of five species of seeds.
forfirst day of germination, a non-parametric Kruskal-Wallis rank sum test for multiple independent samples was carried out, followed by Dunn’s post-hoc
test. For other parameters, a standard ANOVA was carried out, followed by Tukey’s post-hoc test. Means along the same row with different letters were

significantly different

e Fresh seeds
Germination indices

Controlled deteriorated seeds

FSC FSP.CW FSP.CM FSP.DW ASC ASP.CW ASPCM ASPDW LSD,, SE(+)
Bolusanthus speciosus
First day of germination ¥ ¥ K ¥ 5% 4 & § 0 0
Germination percentage 98’ 100° 100° 99° 52° 79 69° 69’ 52
Germination index 18.9° 26.7' 23.3° 272 55 14.3° 10.8° 9.4° 1.0 0.5
Combretum erythrophyllum
First day of germination 11° 11° 11° 11° 13° 12° 12° 12° 0 0
Germination percentage 83° 91° 86° 82° 47° 66° 558" 56a° 9 5
Germination index 74 9.5° 79 76° 2.8° 45 42 4.0a° 0.8 0.4
Erythrina caffra
First day of germination 3 3 3 3 5% & & 4 0 0
Germination percentage 99° 100° 99° 100° 51° 77 69" 65° 5 3
Germination index 23.2° 27.4 25.4° 25.3° 6.0° 1.7 10.4” 9.4 0.9 05
Pisum sativum
First day of germination ¥ ¥ 3 ¥ 5% & & § 0 0
Germination percentage 99° 100° 99° 99° 52° 81° 75b” 71 5 2
Germination index 22.2° 29.4' 26.2° 24.8° 7.3 16.5° 13.0° 11.9° 1.0 0.5
Cucurbita pepo
First day of germination § § § ¥ 7 5 5 5° 0 0
Germination percentage 100° 100° 99’ 99° 52° 85° 71 67° 6 3
Germination index 0.033° 0.055° 0.048' 0.044° 0.018° 0.029° 0.024° 0.023° 0.002  0.001
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Fig. 1: Effects of controlled deterioration of seeds and seed priming with cathodic water, Ca Mg solution and deionized water treatments on the seedling
vigour of five plant species that produce orthodox seeds. In this and the Figures that follow, FSC are fresh seeds that were neither deteriorated or primed,
FSP.CW are fresh seeds primed with cathodic water, FSP.CM are fresh seeds primed with CaMg solution, FSP.DW are fresh seeds primed with distilled
water, ASC are seeds deteriorated and not primed, ASP.CW are deteriorated seeds that were primed with cathodic water, ASP.CM aredeteriorated seeds
primed with CaMg solution, and ASP.DW are deteriorated seeds primed with distilled water. In all Figures, means with different letters were significantly

different.

(FSP.CM); and fresh seeds primed with distilled water (FSP.DW)
The two controls were seeds that were first control deteriorated
and unprimed (ASC) and the second fresh seeds that were
neither deteriorated nor primed (FSC). A seed was considered
germinated when 1 mm radicle protrusion was observed.
Germination counts were taken once a day for 14 d for B.
speciosus, E. caffra P. sativum and Cu. Pepo and 21 d for Co.
erythrophyllum. First day germination (FDG), final germination
percentage (FGP) and germination index (Gl) were calculated
following the method of Czabator (1962). At the end of
germination study, five seedlings were randomly selected per
replicate across all treatments and plant species, separated into
root and shoot, oven dried at 65°C to constant mass and then
weighed. In addition, seedlings’ vigour index (SVI) was calculated
by the formula SVI = DM (g) x FGP, where DM is dry mass of
seedling (g) and FGP is final germination percentage (Abdul-Baki
andAnderson, 1973)

Statistical analyses : The data collected were subjected to
analysis of variance (ANOVA) using Genstat Release 12.1 (VSN
International Ltd., 2009). The means of the treatments were
separated by least significant difference at 5% (LSD, ). Post-hoc
analysis was performed by Tukey test. However, for the “first day
of germination” data a non-parametric ANOVA (Kruskal-Wallis
rank sum test for multiple independent samples) was used,
followed by Dunn’s post-hoc test adjusted by the Benjamini-
Hochberg FDR method.

Results and Discussion

Seeds stored under optimum conditions deteriorate with
time, and seed banks need to regularly evaluate the quality by

using germination indices (Kader, 2005; Abdolahi et al., 2012).
The effects of seed deterioration to some extent can be reversed
by using various priming methods, also known as seed
invigoration (Amanpour-Balaneji et al, 2012; Sadeghi and
Shekafandeh, 2016). The aim of the present study was to
evaluate a novel method of invigoration using cathodic water;
taken together, results strongly suggest that cathodic water has
considerable potential for invigorating deteriorated seeds. In the
presentstudy, rather than using naturally aged seeds, seeds were
subjected to controlled deterioration until they had lost 50%
germination. In all species, controlled deterioration of seeds led to
significant (p<0.05) delay in germination and a reduction in the
germination index, reflecting a reduction in germination rate
(Table 1). Deterioration also reduced seedling vigour (Fig. 1) and
biomass (Fig. 2), and the concentration and purity of DNA (Fig.
3.4). It seems likely that these changes are at least in part a result
of accelerationin the accumulation of ROS that occurs during
deterioration (Kranner et al., 2010). ROS can attack DNA,
causing breakage of DNA strands and deoxyribose sugar and
peroxidise membrane lipids (Suresh et al., 2019). Such oxidative
damage inhibits mitosis (McDonald, 1999; Bailly, 2004), resulting
in delayed germination and reduced seed vigour and seedling
biomass (Suresh etal., 2019), as observed in this study.

Priming deteriorated seeds of all species with cathodic
water, CaMg solution and deionized water significantly (p<0.05)
improved both the rate of germination and the final germination
percentage compared with un-primed seeds (Table 1).
Furthermore, in all species, cathodic water was more effective
than CaMg or deionized water, although differences between
priming treatments were only significant for B. speciosus, Cu.
pepo (rate of germination and final germination percentage), and
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Fig. 2: Effects of controlled deterioration of seeds and seed priming with cathodic water, CaMg solution and deionized water on the biomass of seedlings

offive plant species that produce orthodox seeds.
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Fig. 3: Effects of controlled deterioration of seeds and seed priming with cathodic water, CaMg solution and deionized water on DNA concentration of

orthodox seeds of five plant species.

P, sativum (rate of germination). Interestingly, cathodic water even
increased the rate of germination in fresh seeds (Table 1), while
other priming treatments had similar, but smaller effects. In all
species, deterioration significantly (p<0.05) reduced seedling
vigour compared with fresh seed (Table 1). Cathodic water
priming significantly improved seedling vigour in the deteriorated
seeds of all species, except P. sativum, while priming with CaMg
or distilled water was less effective (Fig. 1). Even in fresh seeds,
cathodic water significantly improved vigour in E. caffra and P
sativum (Fig. 1). Effects of deterioration and priming on seedling

dry mass were less pronounced (Fig. 2). In all species, controlled
deterioration reduced the concentrations (Fig. 3) and purity (Fig. 4)
of DNA in the seeds. A ratio of ~1.8 between A,;, and A, is
generally accepted as normal for “pure” DNA. DNAextracted from
all treatments of Co. erythrophyllum strongly deviated from
normal values, suggesting that protein, phenol or other
contaminants that absorb strongly at or near 280 nm were present
(Khare et al., 2014). However, the decline in DNA concentrations
and purity caused by deterioration were probably a result of
breakage or damage of DNA strands, which is likely to cause
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1110 Kayode Fatokun et al.. Cathodic water and germination

2.40
8125 22014171333363934383537402926322731281624189 5 1 154 25211011 3 2230 5 2319-> [A]
210 |3 4218675147 26358|63847512|64315287|341687275=>I[8]
‘g . [ 3PS ° ° °
o 9 g [ ] L] ® 900 Y Y Py — P
31.80 . Ly L * o e e "o Ideal purity
] ° [
& 1.50 L)
2 *e| Lo
[} L]
™ 1.20 e o °®
> [ ]
£
5 0.90
o
4
< 0.60
[a)
0.30
0.00
Q Q Q Q Q Q [} Q Q Q
RE3525328283823828825828953828388252838%8583325832
P29 22y 2272 229 282 22y 222 22y 2£% 229
B. speciosus Co. erythrophyllum E. caffra P. sativum Cu. pepo

Treatment per Species

Fig. 4: Effects of controlled deterioration of seeds and seed priming with cathodic water, CaMg solution and deionized water on DNA purity from the
orthodox seeds of five plant species (n = 3). A: Purity of all the five species were ranked from the most pure (1) to the least pure (40). and B: Purity of each

of the five species was ranked from the most pure (1) to the least pure (8).

35 "
T 30 — — —
£
225 M
H bc ¢
% ¢ 4 ab
S 15 d
g ¢ b
%10 a a a
E
:m noml
0
) = 3 = 9 = 9 s
72 3 3 2 2 33 8|2 8§83 28 238 3 8
o o o o o o o o o =% o =%
2 2 F 2 2 % T2 8 723
P. sativum Cu. pepo

Fig. 5: Effects of controlled deterioration of seeds and seed priming with cathodic water, CaMg solution and deionized water on amylase activities of P

sativumand Cu. pepo seeds.

delay in mitosis (McDonald, 1999; Bailly, 2004). Delay in mitosis
delays cell division, and consequently retards germination and
reduces seed vigour and seedling biomass (McDonald, 1999;
Bailly, 2004; Balestrazzi et al., 2011). In deteriorated seeds,
priming increased both the amount and purity of DNA, and in most
species cathodic water was most effective, often significantly so.
The most likely explanation is that cathodic water reduced
oxidative stress, reducing DNA damage during imbibition,
improving the performance of primed deteriorated seeds.

Imbibition is known to trigger the release of gibberellins,
which in turn stimulates synthesis of amylase (Damaris et al.,

2019), a key enzyme in germination. Amylase provides food
materials for growth and development of germinating embryo by
breaking down starch into low molecular mass carbohydrates that
can be used for embryo growth. Deterioration had no significant
effect on amylase activity in P. sativum and Cu. pepo (Fig. 5).
However, in both species, priming with any of the solutions
significantly (p<0.05) increased amylase activities. In P. sativum,
cathodic water increased amylase activity significantly more than
the other two priming solutions, while in Cu. pepo the CaMg
solution was best for fresh seeds, while cathodic water and
distilled water were best for deteriorated seeds. Stimulation of
amylase activity by priming may in part contribute to the improved

¢ Journal of Environmental Biology, September 2020 ¢



Kayode Fatokun et al.: Cathodic water and germination 1111

performance of primed seeds, particularly seeds primed with
cathodic water. The study concludes that cathodic water seed
priming has potential to play significant role in the conservation of
orthodox seeds by reducing oxidative stress during imbibition.
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