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ABSTRACT

Priming of legume seeds before sowing was performed by Roman farmers in order to increase the germination rate and
synchronize germination, as reported by the Roman naturalist Gaius Plinius Secundus. Several centuries later, this technique is
still used for a wide range of species. However, in order for this measure to be used successfully in production, it is necessary to
find a solution for the successful storage of primed seeds. The storage potential of primed soybean seeds was determined by a
temperature of 25 °C during the period of 90 days. Soybean seeds were primed with KNO3 (1%), AsA (100 mg L) and KCl (1%)
solutions, and then stored in natron paper bags, and their quality was tested every 15 days. The results showed that a reduction
in the quality of primed seeds was considerably faster than in non-primed seeds. Primed soybean seeds were successfully stored
at a temperature of 25 °C for 60 days after priming, and then a significant reduction in their quality occurred. One of the causes of
seed quality reduction was an increase in MDA content, especially after 75 and 90 days of storage. Also, free proline concentration
was reduced while the content of vitamin C increased after 15 days primarily in seeds primed in AsA and KCI solutions, and
decreased after 45 days.
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M3BOJ

PuMcku npupoamak [aj [ninuuje CekyHj ucThde fAa cy joml PuM/pbaHM moTamaau ceMe MaHyHapKH y IHM/by M06OJ/bLIAMa
KJIMjaBOCTU U yjeJlHAYeHOT HHIama Ou/baka. HeKoJMKo BeKoBa KacHHMje, IOTalame Ce U Jja/be KOPUCTH KOJ BeJHKOr 6poja
6u/pHUX BpcTa. MehyTuM, fa 61 ce oBa NpeZceTBeHa Mepa yCHeLUTHO KOPUCTHIIA Y MPOU3BO/bH, HEONXO/HO je Jia ce mpoHahe
pelllerbe 3a YCIEIIHO YyBame MoTanaHor ceMeHa. MoryhHoCT 4yBama MOTANAHOr 1a OCYLIEHOT ceMeHa yTBpheHa je HeroBuM
CKJIQIMIITEeHEM Ha TeMnepaTypu of, 25°C y Tpajawy oz 90 faHa. CeMe coje je moTamnaHo y pacTBope: KanujyMm-HUTpaT — KNO3
(1%), ackopbuncka kucennHa - AsA (100 mg I1) u kanujym-xnopuz - KCl (1%), yyBaHo je y HaTpoH (manupHuM) Bpehama u
cBakux 15 JlaHa UCIIUTHUBAH je HberoB KBaJIUTeT. Pe3aysTaTu cy nokasa/u Jja ce KBaJIUTET NOTallaHOT ceMeHa Gpike CMambyje Hero
HenoTanaHor. [loTanaHo ceMe coje MOXe YCIEIHOo Aa ce 4yyBa Ha TeMmnepaTypu of 25°C TokoMm 60 JaHa, a MOTOM /0J1a3u [0
3HAYajHOT CMakbEeHA HEroBOT KBAJMTETA. JeJlaH 0] y3pOKa CMambeha KBaJIUTEeTa ceMeHa je noBehamwe cagpkaja M/IA, moce6HO
HakoH 75 u 90 gmaHa ckiaauiuTewa. Takohe, cMameHa je KOHIEHTpaUuja CJ060JHOTr MPOJIMHA, 0K je cazpkaj BUTaMuHa C
noBehan HakoH 15 faHa, npe cBera y ceMeHy noranaHoM y pactBope AsA u KCl. Hakon 45 faHa fo1uio je 1o cMamema cafpixaja
BuTaMHHa C.

KayuHe peuu: kaujasocm, Glycine max (L.), nomanatse, cknaduwmerse

1. Introduction

Every year, seeds are sown on more than 2/3 of
the total world arable land, accounting for about 90%
of human needs in the food and agro-processing
industry (Miri¢ and Brki¢, 2002). Achieving high yields
requires the use of quality seed (MiloSevic et al., 1996).
Germination and germination energy are the most
important indicators of seed quality (Posti¢ et al,
2010). Therefore, various methods are used to increase
seed germination, such as priming (Miladinov et al,
2018) and biostimulants (Cvijanovi¢ et al, 2020).
However, storage of primed seeds is a major problem
for the successful application of primed seeds. Many
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studies have shown that the quality of primed seeds
decreases faster after a certain period than the quality
of non-primed seeds (Dolatabadian et al., 2010), due to
various factors. The length of storage of treated seeds
largely depends on seed priming duration (Nirmala et
al., 2014). Saracco et al. (1995) found that, in seeds
exposed to priming longer than necessary, DNA
replication can begin. Seeds in which replication began,
i.e., seeds in which a new cell cycle began, and was then
interrupted during seed drying, after priming, are
significantly more sensitive and lose germination faster
than seeds that were not exposed to priming. It is
necessary to find a solution considering the exact time
of priming, the concentration of the solution, and
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storage conditions for primed seeds. When all these
conditions are met, seed priming, as a pre-sowing
technique, can lead to improvements in agricultural
production, especially in areas that do not have enough
rainfall and where there is a high salt concentration in
the soil solution (Sivasubramaniam et al., 2011; Giri et
al., 2021).

Therefore, the aim of the study was to examine
how long primed seeds can be stored without reducing
their quality.

2. Materials and methods

Seeds of two soybean varieties, Victoria and NS
Zita, selected at the Institute of Field and Vegetable
Crops in Novi Sad, were used for the analysis. The
Victoria variety belongs to maturity group 1, and the NS
Zita variety belongs to maturity group 2. Seed was
produced at the experimental field of the Institute of
Field and Vegetable Crops. Both cultivars had the same
initial value of seed germination (88%), and a moisture
content of 10 to 11%.

Before priming, the seeds were surface sterilized
with 3% sodium hypochlorite (NaOCl) solution for two
minutes and washed with distilled water. Then, seeds
were primed in solutions: potassium nitrate - KNO3
(1%), ascorbic acid - AsA (100 mg I'1) and potassium
chloride - KCl (1%). The ratio of seed volume to
solution volume was 1:5 (v / v). After 6 h of priming
(Miladinov et al,, 2015; Miladinov et al., 2020), seeds
were washed with distilled water and dried at a
temperature of 25 °C to a humidity of 10-11%. The
storage potential of dried primed seeds was
determined by their storage at a temperature of 25 °C
for 90 days. The seeds were stored in natron paper
bags and their quality was examined every 15 days.

The working sample consisted of 4 x 50 seeds. In
Petri dishes with a diameter of 9 cm, the seeds were
evenly placed on sterile filter paper. All Petri dishes
were closed with paraffin tape to prevent moisture loss
and avoid contamination. Petri dishes with seeds were
placed in a germination chamber at a temperature of 25
°C for 8 days. After five days, germination energy was
determined, and after eight days, germination was
assessed based on the number of typical seedlings
(Rules ISTA, 1996).

After treatment, 10 average seedlings (from each
replication) were taken for biochemical analyses. The
intensity of lipid peroxidation was determined by the
method of Placer et al. (1966). The concentration of
free proline was measured by the Bates method (1973).
The content of vitamin C in the aqueous extract was
assessed by the method of Benderitter et al. (1998).

Data analysis was performed using the Statistica
statistical software package (StatSoft, Inc., Tulsa,
Oklahoma, USA). The obtained results were processed
by the three-way analysis of variance. The individual
testing of probability was conducted by Tukey’s
method at P <0.05 and P <0.01.

3. Results and discussions

All analyzed traits differed significantly with
regard to length of seed storage, treatment, and seed
priming solution, while no difference was found
between varieties. A significant difference was also
found in the interaction between storage period and
treatment. There was no interaction between variety
and treatment, i.e, in the case of the three-factorial
interaction of varieties, storage period and treatment
(Table 1).

Table 1.
A significant difference was found in the interaction between factors
Source of Germination Germination Lipid Free proline Vitamin C
variation energy peroxidation
Soybean seeds Soybean seedlings
Variety (A) 0.37 0.54 2.05 2.15 1.78
Seed storage (B) 9.25** 7.12%* 8.14** 5.74** 3.81*
Treatment (C) 5.01** 5.09** 6.26* 6.01** 3.07*
AxB 0.76 0.9 2.47 2.17 0.51
AxC 1.71 1.34 2.12 1.49 0.97
BxC 7.28** 8.07** 7.33** 6.18** 3.01*
AxBxC 0.97 1.04 1.91 1.17 1.01

*P<0.05,**P <0.01
3.1. Germination results

The results of the research showed that soybean
seeds, after priming, were successfully stored for up to
60 days at a temperature of 25°C in paper bags,
following which there was a decrease in their quality.
In the period from 60 to 75 days, the germination
energy was reduced, compared to the control, by
60.33% on average, i.e. the absolute value dropped
below 40%. Germination was also reduced, but to a
lesser extent in relation to the energy of seed
germination. Germination was significantly reduced in
the period from 75 to 90 days of storage, when the
absolute value dropped below 30% (Figures 1, 2).
Ninety days after seed priming, the reduction in
germination energy and germination of primed seeds
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in relation to non-primed seeds was 68.33% and 65%,
respectively. When it comes to examining the storage
potential of primed seeds, there were contradictory
results. Argerich and Bradford (1989) primed tomato
seeds in a combination of a solution of 120 mM K2HPO4
+ 150 mM KNOs. They reported that primed tomato
seeds stored at 30°C had a lower percentage of
germinated seeds after 6 months of storage compared
to non-primed seeds. Drew et al. (1997), on the other
hand, found that storage of primed onion and leek
seeds for 12 months at 10°C did not have a significant
effect on the total number of germinated seeds, but had
a negative effect on germination energy. Owen and Pill
(1994) observed that the maximum germination of
asparagus and tomato seeds was preserved for as long
as three months after storage at 4 °C, which was not the
case with primed seeds stored at 20°C. Dolatabadian et
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al. (2010) pointed out that priming is a favorable
measure to improve seed germination at the beginning
of storage, and that after a certain time this seed loses
germination much faster than non-primed seed, which
is in line with our research results. Seeds primed in
KNOs solution had the best germination after 90 days

of storage. Alboresi et al. (2005) pointed out that
potassium has the ability to neutralize various organic
anions and other compounds within the cell, thus
helping to stabilize the pH between 7 and 8, which is
optimal for most enzymatic reactions. Also, the amount
of nitrate increases, which stimulates seed germination.
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Figure 1. Effect of priming on germination energy (%) during seed storage
(Values marked by the same letter are not significantly different at P = 0.01 level
of probability -Tukey’s Multiple Range Test)
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Figure 2. Effect of priming on germination (%) during seed storage
(Values marked by the same letter are not significantly different at P = 0.01 level
of probability - Tukey’s Multiple Range Test)

3.2.Biochemical parameters

Storage of primed seeds under unfavorable
conditions leads to disturbances in antioxidant processes
(Chang and Sung, 1998) and damage to cellular
structures, causing a disturbance in metabolic processes
(Vijayakumar et al, 2019). Van Pijlen et al. (1996)
emphasized that primed seeds stored under unfavorable
conditions lose quality due to many biochemical
processes that take place in them, which results in
reduced DNA replication, i.e.,, the beginning of a new cell
cycle. Seed priming activates antioxidants that reduce
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the negative effect of reactive oxygen species and
decrease the intensity of lipid peroxidation, thus
extending the life of seeds. In addition to reducing the
intensity of lipid peroxidation, priming (Arun et al,
2017) also reduces the concentration of hexanal, a
secondary product of lipid peroxidation, which adversely
affects seed vitality. The results are partly in agreement
with soybean research (Figure 3). In non-primed seeds,
there was no significant change in MDA content in the
period of up to 90 days of storage.
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Figure 3. Effect of priming on MDA content (mmol/gFW) during storage
(Values marked by the same letter are not significantly different at P = 0.01 level
of probability - Tukey’s Multiple Range Test)

However, in primed seeds, the intensity of lipid
peroxidation decreased immediately after priming, and
began to increase after 15 days of storage. After 60
days, there was a significant increase in MDA content,
and 90 days after priming, the intensity of lipid
peroxidation increased, on average, by 38.41%
compared to non-primed seeds. The results can be
explained by the fact that the deterioration in the
quality of seeds with a higher oil content, such as
soybean seeds, is due to the increased intensity of lipid
peroxidation and free fatty acids (Meena et al., 2017).
Primed seeds are even more sensitive, because
biochemical processes are initiated in them and, hence,

the quality quickly decreases. The solutions with
primed seeds had different effects on the intensity of
lipid peroxidation. The concentration of MDA grew
significantly faster in seeds primed in AsA; after 90
days, the intensity of lipid peroxidation increased by
44.37% compared to non-primed seeds. Seed priming
also affected free proline content. The concentration of
free proline began to decrease immediately after
priming. Up to 75 days after seed priming, free proline
concentration gradually decreased; 90 days after
priming, free proline content decreased by 52.67%
compared to non-primed seeds (Figure 4).
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Figure 4. Effect of priming on free proline content (mmol/gFW) during seed storage
(Values marked by the same letter are not significantly different at P = 0.01 level
of probability - Tukey’s Multiple Range Test)

The results are consistent with the research
conducted by Demiral and Turkan (2006). They
emphasized that free proline, when found in optimal
concentrations, acts as an osmoprotectant, located in
the cytoplasm, as a stabilizer of enzymes, of the
macromolecule and organelle structure, and as a
remover of reactive oxygen species (ROS). However, at
lower concentrations, its positive effect on enzymes
necessary for embryo nutrition, and thus for seed
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germination and obtaining typical seedlings, decreases
(Igbal et al., 2002).

The content of vitamin C did not change
significantly in non-primed seeds during 90 days of
storage. In primed seeds, vitamin C content varied
depending on the solution and storage time.
Immediately after priming the seeds in a solution of
KNO3 and KCI, the concentration of vitamin C was
significantly reduced. In the period from 15 to 30 days,
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there was a significant increase in vitamin C content,
regardless of the solution applied. Thereafter, with the
action of KNOs, the level of vitamin C was significantly
reduced in soybean seedlings. Ninety days after
priming, the proportion of vitamin C was about four
times lower than in non-primed seeds. AsA and KCl
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solutions increased the content of vitamin C in soybean
seedlings from 15 to 45 days. Thereafter, the
concentration of vitamin C was significantly reduced by
the application of KCl, while the use of AsA reduced the
content of vitamin C after 60 days (Figure 5).
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Figure 5. Effect of priming on vitamin C content (mg/100gFW) during seed storage
(Values marked by the same letter are not significantly different at P = 0.01 level
of probability - Tukey’s Multiple Range Test)

Vitamin C mainly acts as an antioxidant under
stressful conditions and thus reduces the negative
impact of environmental factors. Under stressful
conditions, there is a higher concentration of reactive
oxygen species such as the hydroxyl radical formed
from hydrogen peroxide. Reactive oxygen species are
harmful to plants because they can react with nucleic
acids, proteins and lipids. In some cases, they initiate
chain reactions, which can be interrupted by ascorbic
acid, which thus reduces the negative impact of
environmental factors (Verelst et al, 2010). Also,
ascorbic acid can protect metabolic processes from
toxic oxygen derivatives that affect various enzymatic
activities and thus reduce the damage caused by
oxidative processes (Pourcel et al.,, 2007).

4. Conclusions

The analysis showed that, for seeds stored in paper
bags, the reduction in the quality of primed seeds was
considerably faster than in non-primed seeds in natron
paper bags. Primed soybean seeds were successfully
stored at a temperature of 25 °C during 60 days after
priming, and after that period, there was a significant
reduction in their quality. Seventy-five days after
priming, germination energy was reduced by 60.33%
and germination by 9.33%, while after 90 days the
reduction was 68.33% and 65%, respectively. Seed
quality reduction was caused, inter alia, by an increase
in MDA content, especially after 90 days of storage.
After 90 days, the content of MDA increased, on
average, by 38.41% in relation to non-primed seeds.
Also, free proline concentration was reduced while the
content of vitamin C increased after 15 days, primarily
in seeds immersed in AsA and KCI solutions, and
decreased after 45 days.
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