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Abstract: The germination of seed batches of two rapeseed (Brassica napus L.) hybrids (‘Hybrirock’ and
‘Factor’) were investigated in response to priming in aqueous solutions of ascorbic acid (10 mM), L-cysteine
(10 mM) and triacontanol (1 μM ), respectively tap water (as control treatment). Investigations were focused
on seed quality parameters, such as germination percentage, mean germination time, germination index,
uniformity of germination, and seedling shoot and root growth. Germinated seeds were counted every 24
hours for a period of seven days, recording the final germination percentage (FGP), mean germination time
(MGT), the coefficient of velocity of germination (CVG), germination rate index (GRI), germination index
(GI), uncertanty (U), and synchrony (Z). In a separate trial fresh shoot- and root length, respectively the dry
weight of the shoots and roots were also determined after a 14 day period. Germination tests were performed
to examine the quality of seeds in response to different priming treatments. The results demonstrated that
priming improved the germination parameters of seeds of both hybrids. Furthermore, the use of ascorbic
acid, L-cysteine and triacontanol also enhanced seedling growth. The results may be used to rank seed lots
by vigor, and decisions can be made regarding planting potential of each seed lot.
Keywords: seed priming, germination, rapeseed, ascorbic acid, triacontanol, L-cystein.

1. Introduction
Rapeseed or canola (Brassica napus L.)
belongs to the Brassicaceae family, and it is the
second most important oilseed crop of the
world, with an oil content of 40% (Bhuiyan et
al., 2019). Rapeseed is used as an oil plant for
nutritional and industrial purposes, and also as
protein crop for animal feed (Nesi et al., 2008).

Plants are regularly exposed to various
adverse environmental conditions. The abiotic
stresses (drought, salinity, frost, and high
temperatures) adversely affect the plant growth
and productivity. High-quality seeds have the
capability to germinate under adverse growing
conditions (Ozbay, 2018).
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Rapid germination, high seed germination
percentage, low mean germination time,
respectively rapid and uniform seedling
emergence are important aspects of canola
production (Devaiah et al., 2007). Slow,
delayed germination results in slow growth,
and decreased number of normal seedlings
(Walters, 1998).
Seed priming is an effective technique that
can be used to enhance germination percentage
and growth, and to achieve uniform plant stand
and better yield in stress conditions (Kandil et
al., 2018).
Poor and/or uneven germination followed
by an unsynchronized seedling emergence are a
major cause of losses in crop productions and
yields (Dutta, 2018). Priming with nutrients is
an innovative practice that holds positive
influences in terms of enhanced nutrient
supply. Plants with better nutrient supply
possess greater potential to tolerate abiotic
stress (Ashraf et al., 2018).
Priming with ascorbic acid, an important
antioxidant and a promising priming agent
(Jisha et al., 2013), showed significant effects
on germination percentage, shoot- and root
length, vigor index in case of rapeseed plants in
drought conditions (Razaji et al., 2014).
Triacontanol, a long-chain aliphatic
alcohol was found in 1933 (Ries et al.) as a
component of the epicuticular waxes of alfalfa
(Medicago sativa L.). Since then, its growth
regulating effects have been shown in several
greenhouse and field experiments and a number
of attempts were made to clarify its mode of
action as well. Growth stimulating effects of
triacontanol in the micropropagation process of
Melissa officinalis L. and fruit rootstocks are
already demonstrated (Tantos et al., 1999).
Cellular redox state regulates important
processes
that
mediate
growth
and
development under stressful environment
(Miller et al., 2009). Sulfur (S) is a key
ameliorating agent for reducing the effect of

heavy metals in plants. It is one of the essential
micronutrients that regulate photosynthesis
under normal and stress condition (Saha et al.,
2019). Sulfur forms the basic structural
component for certain amino acids e.g cysteine
and methionine (Khan et al., 2014). Seed
priming with cysteine alleviated injury due to
gamma radiation, and caused more conspicuous
effects in the elongation of primary roots
(Reddy and Smith, 1978).
Many experiments investigated the effects
of seed treatments on germination parameters.
Ansari et al. (2013) and Seiadat et al. (2012)
reported that priming improves germination
parameters in many crops.
The result is measured in terms of the
extent to which seeds have germinated. But not
just the final germination percentage attained is
of great interest, but also the mean germination
time, germination index, germination rate
index, coefficient of velocity of germination,
synchrony, and uncertainty are often used to
judge the agronomic relevance of treatments
(Al-Mudaris, 1998).
Various parameters for measuring or
estimating germination speed have been
developed. Mean germination time can be used
as an indicator of seed vigor in canola
(Amirmoradi
and
Feizi,
2017).
The
germination index (GI) emphasizes on both the
percentage of germination and its speed. A
higher GI value denotes a better percentage and
rate of germination (Kader, 2005). The velocity
of germination (CVG) coefficient indicates the
rapidity of germination (Al-Mudaris, 1998).
Higher germination rate index (GRI) values
indicate higher and faster germination (Kader,
2005).
Based on germination characters and
seedling growth parameters it can be concluded
which varieties are more tolerant, under salinity
stress. Seedling growth parameters as shoot and
root length, fresh weights, and dry weights,
were affected significantly by the interaction
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between cultivars and salinity concentrations
(Kandil et al., 2016).
The aim of the study was to test priming
with ascorbic acid, L-cysteine, and triacontanol
solution, at very low (millimolar/ppm)
concentration, on germination and seedling
growth processes of two rapeseed hybrids in
order to optimize the rapeseed plants growth.

determine
the
germination
indices,
observations were performed every 24 hours
for a seven day period. The germination indices
and seed growth including final germination
percentage (FGP), mean germination time
(MGT), the coefficient of velocity of
germination (CVG), germination rate index
(GRI), germination index (GI), uncertanty (U),
and synchrony (Z) were calculated.

2. Materials and Methods
The experiment was performed in the
laboratory of Sapientia Hungarian University
of Transylvania, Faculty of Technical and
Human Sciences, Târgu-Mureș, in 2019.
2.1 Seed materials
Seeds of two rapeseed (Brassica napus L.)
hybrids, (Hybrirock and Factor) provided by
KWS Romania were used in this study.
2.2 Priming
Priming was made with the following
substances:
1. Ascorbic acid ≥99.0% (ASA) was
purchased from VWR,
2. L-Cysteine 97.0% (L-cyst) was
purchased from Merck,
3. Triacontanol 2.5% (Tria) was
purchased from Nutri-Tech-Solution.
During the experiment batches of 25 seeds
each, in four replications were used. The seeds
were immersed prior to the start of the
germination trial for 24 hours at 24 ºC in the
priming solutions of ascorbic acid (10 mM), Lcysteine (10 mM) or triacontanol (1 μM). Seeds
of the control treatment were submersed in tap
water.
2.3 Germination test
After priming, the seed cohorts were
placed in Linhardt vessels in laboratory
conditions (20°C, 75% relative humidity, 16 h
photoperiod),
according
to
national
germination standards (SR 1634/ 1999). To

2.4 Seedling growth rate
Twenty-five seeds per each replication
were placed in Linhardt vessels under the same
conditions (20°C, 75% relative humidity, 16 h
photoperiod) for a 14 days period. At the end of
the growth period the seedlings shoot and root
lengths were measured using a caliper and
expressed in mm.
Fresh and dry shoot and root mass were
weighed using an analytical balance, and
expressed in g. The shoots and roots of the
seedlings were cut from the axis and were dried
in an oven at 75ºC for 48 h.
2.5 Methods of calculation of germination
parameters
Seven different germination parameters
were assessed. The methodology of
calculations of parameters (2), (3), (4), (5)
followed Al-Mudaris (1998), (6) and (7) Ranal
et al. (2009), and (1) followed Aravid et al.
(2020).
(1) Final germination percentage (FGP)
Ng
FGP 
x100
Nt
Ng = Number of germinated seeds
Nt = Total number of seeds
(2) Mean germination time (MGT)
MGT=Σf ·x/Σf
f=Seed germinated on day x
(3) Coefficient of velocity of germination
(CVG)
CVG= 100 × ΣNi / ΣNiTi
Ni = Number of germinated seeds per day
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Ti = Number of days from the start of the
experiment
(4) Germination rate index (GRI)
GRI = G1/1+G2/2+....+Gx/x
G1 is the germination percentage on
day 1, G2 is the germination percentage at day
2; and so on
(5) Germination index (GI)
GI = (7 × N1) + (6 × N2) + .... + (1 ×
N7)
N1, N2 ...N7 is the number of
germinated seeds on the first, second and
subsequent days until 7th day: 7, 6… and 1 are
weights given to the number of germinated
seeds on the first, second and subsequent days,
respectively.
(6) Uncertanty (U)
k

U   fi log 2 fi
i 1

Where, fi is the relative frequency of
Ni
fi  k
Ni

i

1
germination (estimated as
),
Ni is the number of seeds germinated on
the ith time interval, and k is the total number
of time intervals
7. Synchrony (Z)
k

 Ni,2
Z
C  Ni,2
i 1

Where, CNi,2 is the partial combination of
the two germinated seeds from among Ni, the
number of seeds germinated on the ith time
Ni Ni  1
CNi,2 
2
interval (estimated as
), and
CΣNi,2 is the partial combination of the two
germinated seeds from among the total number

of seeds germinated at the final count,
assuming that all seeds that germinated did so
simultaneously.
2.6 Statistical Analyses
The SPSS software was used to perform a
descriptive analysis based of means of each
germination index. The data obtained were
subjected to one-way Analysis of Variance
(ANOVA). After assessing the distribution of
the datasets, post-hoc tests were run, namely
Tukey pairwise test in the case of normally
distributed data and Mann-Whitney pairwise
test, in the case of non-normally distributed
data (p≤0.05).
3. Results and discussions
In the majority of cases the final
germination percentage (FGP) of both hybrids
was improved due to priming (Table 1).
Positive effects were observed on ‘Factor’
hybrid seeds in case of treatments with ASA
and L-cyst, while treatment with Tria had
negative effect on the seeds, although the
differences were not significant. The seeds of
‘Hybrirock’ variety also responded positively
to priming, the FGP having higher values
compared to the control. The differences were
significant in case of ASA and L-cyst (p≤0.05).
The mean germination time (MGT)
decreased in both hybrids in response to
priming, excepting ’Factor’ hybrid treated with
L-cyst, where the MGT value increased
compared to the control (Table 1). ’Factor’
hybrid had higher MGT values than
’Hybrirock’ and also, the differences among
treatments had higher variation. The lowest
(ASA treatment) and highest (L-cyst) values of
MGT parameter varied significantly (p≤0.05)
for ’Factor’ seeds.
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Table 1. The results of one-way ANOVA analysis and the Tukey post-hoc test, (in the case of
the * Mann-Whitney test) on the germination parameters; different letters denote significant
differences at p≤0.05.
Hybrid

‘Factor’

‘Hybrirock’

Treatment
ASA
L-cyst
Tria
Control
Treatment
ASA
L-cyst
Tria
Control

FGP
%
99 a
96 a
93 a
94 a
FGP %
ab

99.5
98 ab
99 b
90 b

MGT *
(day)
1.202 a
1.532 b
1.315 ab
1.365 ab
MGT *
(day)
1.04 ab
1.08 ab
1.00 a
1.19 b

GI

CVG*

118.75 a
106.25 b
109.75 ab
108.75 ab

83.83 a
66.21 b
79.28 ab
74.13 ab

GI

CVG*
a

124.50
123.00 ab
123.70 ab
108.25 b

96.36 ab
93.01 b
100 a
86.48 b

GRI
(%/day)
23.41 a
19.70 b
21.80 ab
20.92 ab
GRI
(%/day)
24.68 a
24.38 a
24.75 a
21.27 b

U
(bit)
0.4375 b
1.1300 a
0.4350 b
0.8187 ab
U
(bit)
0.121 ab
0.148 ab
0.0142 b
0.471 a

Z
0.8435 a
0.5285 b
0.8432 a
0.6810 ab
Z*
0.9600 ab
0.9207 ab
1.0000 a
0.8420 b

Note: FGP-final germination percentage; MGT-mean germination time; GI-germination index; CVG-coefficient of
velocity of germination; GRI-germination rate index; U-uncertanty; Z-synchrony

Tria and Control treatments had similar
values and no significant differences were
observed. All of the used substances have
reduced the MGT of ’Hybrirock’ seeds but
only seeds treated with Tria differed
significantly from untreated seeds. In case of
ASA and L-cyst treated seeds no significant
differences were found regarding the MGT
compared to control.
The seeds of rapeseed varieties responded
differently to priming regarding the
germination index (GI). The used substances
increased the GI parameter of ‘Hybrirock’
seedbatches in a more pronounced manner than
in the case of ‘Factor’ variety. ‘Factor’ seeds
had the highest GI values when treated with
ASA, followed by Tria and the Control
treatment, while seeds of L-cyst presented the
lowest GI values. Among ASA and L-cyst
treatments there were statistically significant
differences (p≤0.05). All treatments resulted in
higher GI values for ‘Hybrirock’ variety
compared to the untreated batch. Furthermore
the ASA and Tria treatments values differed
significantly from the control batch (Table 1).
‘Hybrirock’ variety had higher values than
‘Factor’ also regarding the CVG parameter.
Seeds treated with L-cystein had the lowest

CVG in the case of ‘Factor’ hybrid, followed
by the untreated seed batch, seeds treated with
Tria and ASA, respectively. There were
statistically significant differences among the
lowest (L-cyst) and highest (ASA) values.
‘Hybrirock’ seeds reacted differently to the
different treatments. In this case the untreated
seeds were characterized with the lowest CVG
values, followed by L-cyst, ASA and finally
Tria treatments. The results with Tria were
significantly different from the untreated seeds
and those of L-cyst treatment (Table 1).
‘Hybrirock’ variety also had superior
germination rate index (GRI) compared to
‘Factor’ variety. ‘Factor’ seeds responded
negatively to L-cyst treatment, the GRI values
of this treatment being lower than those of the
untreated seeds. On the contrary, with Tria and
ASA superior results were obtained compared
to control treatment. ASA treatment resulted in
significantly higher GRI values compared to
those of L-cyst treatment. In the case of
‘Hybrirock’ variety, all of the used substances
had positive effect on the GRI parameter. The
results of the three treatments presented higher
variation, but all of them differed significantly
from the control seeds (Table 1).
52

Katalin Molnár et al.

Table 2. The results of the one-way ANOVA analysis and the Tukey post-hoc test (in the case
of the * Mann-Whitney test) on seedling growth parameters of ‘Hybrirock’ variety, different letters
denote significant differences at p≤0.05.
Hybrid

‘Hybrirock’

Treatment
ASA
L-cyst
Tria
Control

SL (mm)
22.99 b
22.61 bc
31.48 a
18.97 c

RL
(mm)
48.95 a
38.61 b
41.32 b
24.90 c

SFW*
(g)
0.499 ab
0.368 b
0.531 a
0.401 ab

RFW*
(g)
0.245 a
0.167 ab
0.226 ab
0.128 b

SDW *
(g)
0.085 a
0.062 b
0.080 ab
0.069 ab

RDW*
(g)
0.0165 a
0.0082 b
0.0117 ab
0.0092 b

Note: SL- shoot length, RL- root length; SFW- shoot fresh weight; RFW- root fresh weight ; SDW- shoot dry
weight; RDW- root dry weight

The uncertainty (U) values of ‘Factor’
variety are at least two times higher than the
values of ‘Hybrirock’ variety. L-cystein had
negative effects on ‘Factor’ seeds, raising their
U values, while ASA and Tria treatments
decreased the parameter, compared to the
control seeds. The differences between Lcystein, respectively ASA and Tria treatments
were
statistically
significant
(p≤0.05).
‘Hybrirock’ seeds reacted in a positive manner
to all treatments, thus the U value decreased at
least three folds (Table 1).
The synchrony (Z) of germination was also
higher in ‘Hybrirock’, and lower in ‘Factor’
variety. As a result of priming in L-cyst
solution, the Z value of ‘Factor’ hybrid
decreased, on the other hand, priming in Tria,
or ASA solutions increased the Z value of the
seed
cohorts.
Statistically
significant
differences can be spotted among the results of
L-cyst, respectively Tria and ASA treatments.
‘Hybrirock’ seeds reacted positively to all
substances, with Tria treatment having the most
positive effect, resulting in significant
differences compared to the untreated seeds
(Table 1).
Due
to
an
unexpected
fungal
contamination of the dishes containing the
seeds of ‘Factor’ variety, the results of shoot
and root biometrics are not presented.
Priming had a positive effect on shoot
length of ‘Hybrirock’ seedlings. Tria treatments
produced the highest shoot elongation and

shoot fresh weight (SFW), the results being
significantly different of those of control
treatment. Also all of the priming substances
had positive effect on root fresh (RFW) and dry
weight (RDW) excepting L-cyst. In this case
the most remarkable results were obtained in
seed cohorts treated with ASA, followed by
Tria. There were statistically significant
differences among ASA, respectively Tria and
L-cyst group, and the control treatment (Table
2). The results regarding the dry weights of
shoots (SDW) and roots (RDW) of the
seedlings were somewhat similar. Seed batches
treated with L-cystein have developed organs
with smaller dry weight than the untreated
seeds. On the contrary seeds treated with Tria
and ASA are characterized with superior dry
shoot and root weights. There are significant
differences in both cases, namely between the
results of L-cyst and ASA treatments in the
case of SDW, respectively between L-cysttreated and untreated and ASA treated seeds
(Table2).
Altogether it can be concluded that to
maximize
seedling
establishment
and
germination parameters in 'Factor' and
'Hybrirock' hybrids, priming with ASA or Tria
are recommended.
Conclusions
The results of the study show that canola
seeds respond differently to the priming
substances. In most of the cases the
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germination and seedling growth parameters
were increased compared to the control due to
priming.
Overall, it can be said that seed priming
with ascorbic acid performed better in ‘Factor’
rapeseed hybrid, by indicators MGT, GI, CVG,
GRI, and Z. Triacontanol priming produced
also good results, while L-cysteine treatments
results were weaker compared to the control.
‘Hybrirock’ seeds responded better to
triacontanol treatments, followed by priming
with ascorbic acid and L-cystein.
Results concerning seedling biomass
production indicate that the average shoot and
root length were lowest in the untreated seeds,
while shoot and root dry weight gain was the
lowest in the L-cyst treated group of seeds of
‘Hybrirock’ variety.
The seed priming can improve the seeds
germination parameters and induce early,
synchronized and healthier crop stand. Priming
with ascorbic acid, L-cysteine and triacontanol
could also invigorate the seeds at early seedling
stage.
Further experiments are required to clarify
the effects of the above mentioned substances.
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