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Abstract

A study to establish the post-effect of the electromagnetic treatment on the sowing qualities and morphological
characters of fresh seeds from Bulgarian pepper variety “Kurtovska Kapia 1” was performed during the period
2016-2017 in the “Maritsa” Vegetable Crops Research Institute — Plovdiv. The research was conducted under
controlled laboratory conditions. It was performed a pre-sowing treatment of the seeds in 12 variants with
controllable factors: voltage U (kV), duration of impact 7 (s) and time of stay of the seeds from the treatment to
sowing - days 7. The sowing qualities are studied: germination energy - GE (%) and germination - G (%), and
morphological characters: root length {7 (mm), hypocotyl length {4 (mm) and cotyledon length £c (mm).

The best positive effect was found in fresh seeds after treatment with a voltage of 6 kV, lenght of exposure of
35 s and time of stay - 8 days.
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INTRODUCTION

It is known that the application of magnetic fields
with extremely low frequencies has a positive effect
on some characteristics of plants and seed sowing
qualities, such as seed germination, development of
germs, plant length, fresh weight; fruit production
and average fruit weight (Danilov et al., 1994; Nam-
ba et al., 1995; Aladjadjiyan, 2002; Esitken, 2003;
Rochalska & Orzeszko-Rywka, 2005; De Souza et
al., 2006; Nimmi & Madhu, 2009; Cakmak et al.,
2010). The applying of fertilizers and pesticides in
the cultivation of crops by conventional methods
results in pollution of the environment and there-
fore an innovative methods for increase of the ag-
ricultural production are searched (Carbonell et al.,
2000; Hernandez et al., 2006; Dominguez et al.,
2010; Aladjadjiyan, 2012). This type of methods is
considered environmentally friendly, alters the pro-
cesses taking place in the seeds, increases seed vi-
tality and provides better plant development at later
stages (Fernandez, et al., 2002). It was established

that in optimal doses for a particular plant species
the seed sowing qualities can be improved after pre-
treatment with electromagnetic fields (Samy, 1998;
Podlesny et al., 2005; Soltani et al., 2006). Stud-
ies with pre-sowing electromagnetic seed treat-
ments have been performed in wheat (Martinez et
al., 2002; Penuelas et al., 2004; Palov et al., 2008),
peas (Podlesny et al., 2005; Jamil & Ahmad, 2012),
corn (Florez et al., 2007; Palov et al, 2008) techni-
cal crops (Stoilova et al., 2011; Spendier et al, 2018),
vegetable crops such as pepper (Nimmi & Madhu,
2009; Ahamed et al., 2013; Antonova et al., 2013;
Martinez et al., 2014; Antonova et al., 2018; Anton-
ova-Karacheva, 2020), head cabbage (Sirakov et al.,
2016), tomato (Ganeva et al., 2013) etc.

The aim of this study was to investigate the post-
effect after harvesting of the crops which seeds
have been pre-sowing treated electromagnetically
at different length of the stay until sowing the seeds
obtained from the fruits on the sowing qualities and
morphological characters of the studied Bulgarian
pepper variety, Kapia type.
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MATERIAL AND METHODS

The experimental work was carried out in the pe-
riod 2016-2017 at the Maritsa Vegetable Crops Re-
search Institute, Plovdiv, Bulgaria. The object of the
study was to investigate the post effect of the treated
fresh seeds on the sowing qualities and morpholog-
ical characters of Bulgarian pepper variety, Kapia
type — “Kurtovska kapia 17, intended for medium
early field production. The research was conducted
in collaboration with the Electrical Power Engineer-
ing Department at the University of Ruse, Ruse. An
electromagnetic field of alternating current corona
discharge between blade-plane electrodes was used
for pre-sowing treatment of the seeds of the vari-
ety. Controllable impact factors are: the voltage U
(kV) between the treatment electrodes, the duration
of exposure 7 (s), and time of stay of the seeds after
treatment until sowing 7 (days). The experiment in-
cludes 12 variants in which the control factors vary
at 3 levels (Table 1), i.e. a complete factor experiment
of B® type was conducted (Mitkov & Kardashevski,
1977). The study is a continuation of experiments
conducted in laboratory conditions and the impact
of treatments on produced seedlings (Antonova et
al., 2018; Antonova-Karacheva, 2020).

Twelve variants of processing in 3 replications
are set in laboratory conditions, in petri dishes (100
seeds/replication). The seeds are placed in a ther-
mostat at a temperature of 25°C and a humidity of

Table 1. Matrix of planning experiment

95%. Raw seeds were used for control. Ten germi-
nated seeds were randomized taken from each rep-
lication of a variant.

The sowing qualities of the seeds were studied:
germination energy - GE (%) and germination — K
(%) and the morphological characters: root length
¢r (mm), hypocotyl length {4 (mm) and cotyledon
length £c (mm).

The indicators are reported on the 6th and 14th
day, according to the methodology of ISTA (2004),
and the measurement was performed with a caliper
(accuracy up to 0.01 mm). The results were statis-
tically processed by analysis of variance (Duncan,
1955; Lidanski, 1988) and were given as a percent-
age towards the control (% / K).

RESULTS AND DISCUSSION

On the basis of the analysis of the data on the
sowing qualities of fresh seeds from the pepper va-
riety “Kurtovska Kapia 17 it is established that the
pre-sowing electromagnetic treatments have a posi-
tive effect on the germination energy in some of the
studied variants , and on the seed germination - in
all studied variants (Table 2). In variant 5 with a
processing time 7'= 4 days, U = 14 kV and time 7=
35 s, the highest values of the germination energy -
54.41% were reported. During stay-time 7'= 8§ days
the germination energy is improved by 25.00 % in

Controllable factors

Treatments Voltage Duration of impact Length of stay
level kV level s day

K 0 0 0

1 + 14 + 35

2 - 6 + 35

3 + 14 ) 5 12

4 - 6 ) 5

5 + 14 4 35

6 - 6 + 35

7 4 14 _ 5 4

8 - 6 _ 5

9 + 14 + 35

10 6 + 35

11 - 14 ) 5 8

12 6 5
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Table 2. Sowing qualities of the germinated of Kurtovska kapia 1 variety

Germination energy, %

Germination, %

Length of stay, Treatments

day £ %/K VC% ® %/K VC%

K 22,67£2,08 bed 100,00 9,18 66332929d 100,00 14,01

5 350042,65a 154,41 756 7733:225a-d 116,58 2,92

6 22.50+3,50bed 99,26 1556 SESIEILTT 9357 14,39

4

7 2033+7.85¢d 8971 3850 BRITHIO68 yp387 13,00

8 20,67:029bed 91,18 140 78.5046,06a-d 11834 7,72

9 28331425ab 125,00 1501 8483x425ab  127.89 5,01

. 10 27,00£4,50 bc 119,12 16,67  8733x231a  131.66 2,64
11 12,17¢1,61¢ 53,68 1321 72,67+7.82a-d 109,55 10,76

12 15,6742,02de 69,12 1290  68,17+11,07a-d 102,76 16,24

1 1967058 cd 86,76 204 70,504926ab 106,28 13,13

o 2 19,67+7,59cd 86,76 3858  83.0043.12ab 125,13 3,76
3 19.8343,69cd 87,50 18,58  81.83£605abc 12337 7,39

4 25,50+436bc 112,50 1709  8683£375a  130.90 432

a,b,c ....P<0.05; ns - non significant — Duncan’s Multiply Range Test

the 9th and 10th variant - 19.12% (U = 14, 6 kV, time
7=35s). Variant 4 with U= 6 kV, time =5 s shows
the highest results (12.50%) from the group of seeds
with a stay before sowing 7 = 12 days. It was re-
ported that the pre-sowing electromagnetic

treatments have a positive effect on the germi-
nation in all variants. The highest values were re-
ported in variant 10 with U = 6 kV, time 7 = 35 s,
stay of 7'= 8 days (31.66 %/K), followed by variant
4 with U= 6 kV, time 7 = 5 s, stay of 7= 12 days
(30.90% / K) as they are proven to be different from
the control.

The highest suppressive effect registered af-
ter the treatments on the germinating energy, with
proven statistical differences were reported in vari-
ant 11 with U= 14 kV, time 7= 5 s (46.42 %/K) and
variant 12 with U = 6 kV, time 7 =5 s (30.88 %/K)
with a stay before sowing of 7= § days.

Positive results were found in the character “em-
bryonic root length” {r at the studied variants, com-
pared to the control after electromagnetic treatment
of seeds, as a stimulating effect was found in almost
all variants (Table 3). The highest results after the
analysis were registered in variant 10 with U = 6
kV, time 7 = 35 s and stay before sowing 7'= 8 days
(20.75% / K). In the group with a stay before sowing
of 4 days the highest values were registered in vari-
ant 7 with U = 14 kV, time 7 =5 s (14.28%), and in
the group with a stay of 12 days - in variant 4 with
U=6kV, time =5 s (18.74%).

Similar results were registered for the length
of the hypocotyl ¢k, as confirmation in the variant
with 10 U= 6 kV, time 7 = 35 s and stay before sow-
ing T = 8 days, the highest values were reported. In
the group with stays of 4 days the highest results
were reported in variant 5 with U = 14 kV, time 7=
35 s. At stays of 12 days before sowing, the analysis
shows that variant 2 with U= 6 kV, time 7= 35 s has
the highest values compared to the control variant -
17.90%. The greatest impact on the morphological
characters of the germinated seeds was registered
in variant 10 with voltage U = 6 kV, time 7 =35 s
and 7 = 8 days, where the growth of the root and
hypocotyls is by 20.75% and 31.78%, respectively
greater than the control.

The highest positive effect on the length of the
cotyledons ¢c was found in variant 7 with U = 14
kV, time 7 =5 s and 7 = 4 days (4.88%) and with
minimal positive proven differences compared to
the control were found in all other variants from
0.68 to 3.48%, only in variant 1 with U = 14 kV,
time 7 = 35 s and stay before sowing 7= 12 days a
suppressive effect was established - 1.28% / K.

Suppressive effect of treatments on root length
{r and hypocotyl length ¢ from the influence of
controllable factors on morphological characters in
variety “Kurtovska Kapia 1” of the data shows that
they had a negative impact on the observed param-
eters, as it is the most strongly expressed in vari-
ants 6, 8 and 9 during the stay of the seeds until
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their sowing 7' = 4 and 8 days. Negative values for
the root length £r, were reported in variants 6 and
8 with U =6 kV, time 7= 35, 5 s and 7 = 4 days -
19.60 and 10.61 %/K, respectiely followed by vari-
ant 9 U= 14 kV, time 7= 35 s and 7= 8§ days - 3.37
%/K. Negative effect for the length of the hypocotyl
¢h was expressed in variants 6 and 8 with stays of
4 days - 17.47 and 11.06 %/K, respectively, and for
variant 9 with 7 = 8 days the variation of the values
reaches 14.60 %/K.

The data from the studied sowing qualities for
the three varieties were analyzed by three-factor
analysis of variance (Table 4).This analysis gives an
assessment of the interaction of the factors - variety
(A), stress (B) and stay before sowing (C).

Based on the conducted three-factor analysis of
variance for the germinated energy, significant sta-
tistical differences have been found to influence the
variety, stresses and stay until sowing, as well as of
the interaction between the factors A x B, B x C and

Table 3. Morphological characteristics of the germinated of Kurtovska kapia 1 variety

Length of root €,

Length of hypocotyl, £ Length of cotyledons €,

Length of stay, Treatments mm mm mm
day £ %/K ® %olK * %o/K
K 29,2 b-e 100,00 21,04 b-e 100,00 10,71 be 100,00
5 30,23 a-e 103,53 24,13 abc 114,68 11,07 ab 103,30
, 6 23,48 f 80,40 17,37 82,53 10,79 abc 100,68
7 33,37 a-d 114,28 22,83 a-e 108,47 11242 104,88
8 26,10 ef 89,39 18,72 cde 88,94 10,73 be 100,16
9 28,22 def 96,63 17,97 de 85,40 11,1 ab 103,61
10 3526 a 120,75 27,73 a 131,78 11,01 abe 102,80
; 1 28,63 cde 98,06 21,81 b-e 103,66 11,08 ab 103,39
12 34,06 ab 116,64 21,5 bee 102,17 11,09 ab 103,48
1 34,11 ab 116,80 23,67 abc 112,50 10,58 ¢ 98,72
b 2 33,65 abe 115,24 24,81 ab 117,90 11,01 abe 102,80
3 31,65 a-d 108,40 23,91 abc 113,64 10,94 abc 102,12
4 34,67 a 118,74 23,28 a-d 110,63 10,90 abc 101,74

a,b,c ....P<0.05; ns - non significant — Duncan’s Multiply Range Test

Table 4. Three-way analysis of variance and degree of influence of sources of variation

Degree of Germination energy, % Germination, %

Factors of variation freedom Mean square Influence Mean square Influence
df MS % MS %

Variety A 2 85,74* 0,51 27,23ns
Voltage B 4 251,71%** 3,00 756,48%** 23,40
Stay of seeds C 1 27737,78%** 82,78 23.,51ns
Interaction A x B 8 155,44 %** 3,71 257,65% 15,94
Interaction A x C 2 70,88ns 85,21ns
Interaction B x C 4 190,14%** 2,27 111,71ns
Interaction Ax Bx C 8 96,07** 2,29 71,82ns
Residual 60 27,93 109,61

* p<0.05, ** p<0.01, *** p<0.001, ns — non significant
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A x B x C. Among these factors the greatest influ-
ence on the germinating energy has the stay before
sowing (82.78%), followed by the voltage (3.00%)
and the effect of the variety (0.51%), about the inter-
action between the factors it is established that their
combination of A x B x C (variety, voltage and stays
before sowing) complement each other (2.29%), as
an essential role is played by electromagnetic treat-
ments at the set values for the controlled factors B
x C (2.27%).

According to the results of the analysis of vari-
ance for the “germination” character it is established
that only the stress factor C and the interaction be-
tween variety and stress A x B have been proven to
be significant. The strongest source of variation is
the voltage (23.40%), followed by the interaction be-
tween the factors variety x voltage (15.94%). There
are no statistical differences between the other fac-
tors and interactions between them.

The general analysis of the data from Table 4
shows that the performed pre-sowing electromag-
netic treatments of the seeds, with controllable im-
pact factors have a positive effect on the studied
characters. The conducted three-factor analysis of
variance in the characters germination energy and
germination proves the influence of the applied
pre-sowing electromagnetic treatments in the field
of corona discharge as a determining factor in the
seeds of the studied pepper variety.

Based on the conducted researches, it can be as-
sumed that the pre-sowing electromagnetic treat-
ments with the selected values of the controllable
factors on the seeds of the studied variety of pepper
can be applied as follows:

For variety “Kurtovska kapia 17, voltage U = 6
kV, duration of treatment 7 = 35 s and stay before
sowing 7= 8 days (variant 10).

The results after the study confirm those ones
obtained in the study of seedlings from the “Kur-
tovska Kapia 17 variety under the same control-
lable factors (Antonova et al., 2018). These results
demonstrate that there is a presence of residual ef-
fects of pre-sowing electromagnetic treatments,
but they are versatile for different crops. This can
be explained by the difference in the values used
of the voltage between the electrodes and the dura-
tion of seed treatment (Palov et al. 2012; Stoilova et
al, 2012; Sirakov et al. 2014). Spendier et al, (2018),
found that under the influence of magnetic fields
with a specific intensity, the percentage values for

germination and morphological characters in hemp
reach their maximum, which determines the poten-
tial of the crop for the respective method of physical
impact.

As a result of the experiments performed Kuz-
manov et al., (2010) and Palov et al, (2010) have not
established a regularity in the results obtained af-
ter electromagnetic treatment of seeds of cucum-
bers variety “Gergana” and barley variety “Obzor”,
which correlates with the data obtained from the
studied pepper variety.

CONCLUSIONS

It was established a positive effect on pepper
seeds after pre-sowing electromagnetic treatments
in the ac corona discharge field on the sowing quali-
ties and morphological characters of pepper seeds
from “Kurtovska Kapia 1” variety, with a stay of
treatments before sowing of 4, 8 and 12 days.

The best effect on the sowing qualities - germi-
nation energy and germination of seeds is estab-
lished in variant 10 with voltage U = 6 kV, duration
of processing 7 = 35 s and stay before sowing 7= 8
days. The most suitable values of the controllable
factors on the morphological characters of the seeds
are voltage U = 6 kV, duration of processing 7 = 35
s in the variants 10, 2 with stay before sowing of 8
and 12 days.
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