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Abstract. An experiment was concluded to evaluate the effects of
priming on germination characteristics and establishment of rapeseed
seedlings during three stages. In the first and second stages of exper-
iment, the effects at three factors vis: cultivars (RVS, Hayola), water-
deficit stress (Control,-6 and -12 bar) and cycocel treatment (dry seeds,
300, 600, 900, 1200 and 1500 μM) on germination and seedling growth of
plant were assayed. The results showed that priming had positive effects
on germination percentage, germination rate index, germination index,
and radicle length under water-deficit conditions. RVS had greater ef-
ficiency than other cultivars. The third section of experiment revealed
that the priming of RVS seeds improved the stem, root and dry weight,
total dry weight as well as leaf number and area of seedlings.
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1 Introduction

Germination is the first stage of plant development, having crucial role in
seedling emergence and establishment. Germination is greatly affected by
environmental stimuli, especially temperature and soil humidity [3]. Since
seedling establishment is a sensitive stage in crop growth and development with
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direct planting, uniformity and high emergence percentage have prominent
effects on yield and production quality [30].
Rapeseed, an important oil-bearing crop, has been shown to be adapted

in water-deficit conditions [1]. Owing to the prevalence of semi-dry growing
locations in most parts of Iran, rapeseed may be a promising crop that meets
the demands for edible oil [1, 12]. Since the main production of rapeseed occurs
under dry-land farming, plant responses to drought stress are worthy of great
consideration [13]. Optimum seed germination and emergence potential under
drought conditions provide the better establishment, and subsequently lead to
yield increment [5].
Recently, huge attention has been paid to the enhancement of seed vigour

for greater germination and seedling growth parameter under extreme environ-
ments [21]. Priming has been defined as a useful method for the improvement
in seed germination and subsequent growth under stressful conditions [13].
Several studies have been demonstrated the prominent positive effects of prim-
ing on germination-related traits of several crop species [22, 23, 28]. In general,
priming affects the hydration / dehydration ratio of seeds in favour of increased
and hastened germination percentage and rate [8]. This in part promotes the
seedling establishment and its later growth and development [17]. From bio-
chemical and physiological point of view, priming goes to increases in antioxi-
dant pool [14], the amount and translocation of soluble sugars [19] and protein
biosynthesis [10]. Also, priming enhances the transcription and translocation
of some genes [11] and affects membrane integrity [6]. CCC (Cycocel) is a
widely employed growth retardant composed of a four-member oniumic group
[2]. Scarisbrick et al. [25] noted that cycocel effects on plant growth and de-
velopment were highly dependent on cultivar and species. Drought tolerance
has been defined as the most common consequence of exogenous application
of cycocel on most plant species [25].
In the present experiment, we aim to evaluate the effects of CCC on ger-

mination and early growth of several rapeseed cultivars under water-deficit
conditions.

2 Materials and methods

This experiment was conducted in the Research Laboratory of the Agron-
omy and Plant Breeding Department at the University of Maragheh during
autumn 2009. The treatments were two spring rapeseed cultivars (Hayola 401
and RVS), drought stress levels using sucrose (0, -6 and -12 bar) and cycocel
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concentrations (0, 300, 600, 900, 1200 and 1500 μM). Experimental design
was factorial based on CRD with three replications. The seeds were surface-
sterilized with 5% sodium hypochlorite. Cycocel treatments were applied on
seeds for 24 hrs at 10◦C. Then seeds were rinsed with sterile distilled water
and were left to dry till they reached their primary weight. In the first step,
50 seeds placed in a Petri dish between filter papers were transferred into
incubator at 20◦C for 7 days. The seeds were surveyed daily and FGP (Fi-
nal Germination Percentage), CVG (Coefficient for Velocity of Germination),
GRI (Germination Rate Index) and GI (Germination Index) were measured
[15]. In the second series of experiments, the primed seeds wrapped in filter
papers were transferred into incubator at 20◦C for 7 days. The drought stress
treatment was the same as the first experiments. The recorded traits beyond
seven days were radicle length, plumule length, plumule dry weight, radicle
dry weight and dry seed weight. In the third experiment, primed and control
seeds (RVS cultivar) were planted in the pots at a depth of 15 mm and main-
tained at 20±2◦C and 16:8 photoperiod. Experimental design was RCB with
4 replications. Drought stress levels were measured using control plants with
100% water availability and 30, 50 and 70 % of available water computed by:

L = (1− PAWt/AWC)× 100

PAWt = SMC−WP

AWC = FC−WP,

where PAWt is plant available water in defined time (based on a 24-h pe-
riod), AWC is available water content between wilting point (WP) and field
capacity (FC), and SMC is soil moisture content in defined time (based on a
24-h period). Wilting point was quantified by pressure-plate system, and the
treatments were applied based on weight percentage. At the end of the 40-day
period, emerged seeds percentage, stem dry weight, leaf dry weight, total dry
weight, leaf number, leaf area ratio (LAR), stem/root ratio (S/R), and leaf
weight ratio were measured. Data were analysed with SAS and MSTATC soft-
ware, and graphs were drawn in Excel programme. Mean comparisons were
carried out by Duncan’s multiple range test at P < 0.01.

3 Results and discussions

In the first stage of the experiment, CCC improved all growth-related traits.
Based on the results of cycocel treatment, stress levels and interaction effects
of stress and cultivar were significant on FGP (P ≤ 0.01). Mean comparison
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revealed that cycocel application had significant effect on FGP. However, there
was no significant difference between cycocel levels (Table 1).

Table 1: The effects of cycocel amounts on rapeseed germination characteris-
tics in the first experiment

Final Coefficient for
Germination Velocity of Germination
Percentage Germination Index (GI)
(FGP) (CVG)

0 μM 70.9 b 0.35 b 73.6 b
300 μM 73.6 ab 0.44 a 84.8 a
600 μM 79.7 a 0.48 a 90.0 a
900 μM 80.7 a 0.45 a 87.8 a
1200 μM 80.3 a 0.42 a 92.7 a
1500 μM 81.1 a 0.45 a 91.7 a

Probability Level ∗∗ ∗∗ ∗∗
** Means significant at P≤ 0.01 based on Duncan’s multiple range test

Under normal (non-stress) conditions, FGP values were non-significant for
all the studied varieties; however, with severe stress, RVS demonstrated the
higher FGP values compared to other cultivars (Table 3). CVG values in case
of all pretreated seeds were higher than dry seeds (Table 2).

Table 2: The effects of drought stress levels on rapeseed germination and
seedling characteristics in the first and second experiment, respectively

Coefficient for Plumule dry Radicle Plumule
Velocity of weight dry weight length
Germination (g) (g) (cm)

0 bar 0.68 a 0.0130 a 0.008 a 3.10 a
-6 bar 0.40 b 0.0120 a 0.004 b 0.89 b
-12 bar 0.22 c 0.0001 b 0.001 c 0.04 c

Probability Level ∗∗ ∗∗ ∗∗
** Means significant at P≤ 0.01 based on Duncan’s multiple range test
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Table 3: The interaction of drought stress levels and rapeseed cultivars on
germination and seedling characteristics in the first and second experiment

Final Germination
Germination Rate Germination Seed dry
Percentage Index Index (GI) weight
(FGP) (GI)

RVS× 0 bar 90.83 a 71.52 a 119.3 a 0.1556 e
RVS× -6 bar 93.61 a 74.83 a 122.1 a 0.2333 d
RVS× -12 bar 86.94 a 37.38 c 95.8 c 0.8389 a
Hayola 401× 0 bar 93.33 a 44.27 b 108.2 b 0.3889 c
Hayola 401× -6 bar 31.94 c 6.690 e 21.5 e 0.4944 b
Hayola 401× -12 bar 68.89 b 19.10 d 53.6 d 0.0085 a
Probability Level ∗∗ ∗∗ ∗∗ ∗∗

** Means significant at P≤ 0.01 based on Duncan’s multiple range test

In contrast, severe drought stress led to reduced amounts of CVG (Table 1).
Homogenous and increased germination percentage behind cycocel pretreat-
ment has been demonstrated earlier [4]. For instance, the priming of corn
seeds with polyethylene glycol 4000, urea and water had promising effects on
germination rate and percentage [21]. These results are similar to the findings
of Shad et al. [26] in soybean. Also, Shekari [27] reported that salt and some
other ionic solution pretreatments enhanced the germination-related traits in
rapeseed. Emergence of pepper plants was also positively influenced by CCC
pretreatment in Demir & Ellis [9] research. Increase in respiration potential
and ATP generation, as well as enhanced transcription levels and protein syn-
thesis have been reported as the main effects of the seeds pretreatment with
priming agents [9]. Rashid et al. [24] reported that hydropriming led to early
germination, higher establishment and increased yield in some crops under
normal and stressful growing conditions. Early emergence of seedlings in re-
gions with limited growth period is worthy of great attention. In other words,
early and hastened leaf area expansion goes to the optimum light perception
and subsequently greater growth potential compared with weeds. These all
finally lead to increased dry matter accumulation and yield [1].
The results also showed that the main and interaction effects of cyco-

cel*stress and stress*cultivar were significant. Cycocel treatment with non-
stress conditions had higher values for most traits than dry seeds (Table 4).
With the increase in water-deficit levels and at -6 bars, primed seeds treated
with 600 μM cycocel had higher GRI values than control seeds, but the dif-
ference within cycocel levels was not significant.
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Under severe stress conditions (-12 bar), there was no significant difference
between primed seeds and control ones (Table 4). Mean comparison revealed
that the studied verities had no significant difference under non-stress condi-
tions, but under stress conditions – under both mild and intense stress levels–,
’RVS’ had the higher GRI amount compared to other cultivars (Table 3).
The main and interaction effects of stress*cultivar were significant (P ≤ 0.01)
on GRI. GRI ratios for primed seeds were higher than those for non-primed
seeds, whereas dry seeds had the lowest GRI values (Table 1). Under normal
conditions, there was no difference among cultivars regarding GRI, but under
intense stress, RVS was more promising than other cultivars, mainly due to its
greater efficiency for early growth and development, especially under stressful
conditions. Moradi Dezfuli et al. [21] reported the same results. Shekari et al.
[27] also reported that the different priming solutions also increased the GRI
values for rapeseed.
In the second part of the experiment, cycocel pretreatment increased the

radicle length. In this case, the main and the interaction effects of pre-
treatment*stress levels as well as the interaction of pretreatment stress lev-
els*cultivar were significant on radicle length (Table 5). Mean comparisons
revealed that, under non-stress conditions, primed seeds disposed of higher
radicle length compared to dry seeds. With mild stress application, primed
seeds in both varieties had the highest radical length in contrast with non-
treated seeds. In other words, dry seeds had an especially low efficiency for
radicle growth and subsequent development (Table 5).
The results from the second section of the experiment revealed that cycocel

pretreatment positively influenced the radicle length (Table 5). The interac-
tion effects were significant for the treatments. Considering this, and under
non- stress environment, pretreated varieties had the longer radicles compared
to control ones. The same trend was observed under mild stressful conditions.
In contrast, with severe stress, there were no significant differences between
treatments (Table 5). In germination studies, radicle length assay has been
defined as a reliable criterion for the prediction of subsequent seedling growth,
and as a logical consequence it influences plant growth and development dur-
ing early growth encountered with drought environment [1]. Following the
pretreatment with different solutions [16, 21], the same results have been re-
ported with diverse plant species for radicle length. At the same time, Subedi
& Ma [29] noted that GA3 pretreatment not only had no ameliorative effect
on radicle length, but in most treatments it also reduced the radicle length
in corn. Cycocel pretreatment had no significant influence on plumule length
(table not shown).
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Any increase in the stress intensity led to reduced plumule length. The
same results were observed in the case of plumule and radicle dry weight
(table not shown). Several previous studies reported that using hormonal and
non-hormonal solutions for pretreatment of seeds may have divergent effects
on the aforementioned traits [27, 29]. Thus, the effects may be promotive,
preventative and, in some cases, natural. These variant effects may be in
main part due to the agent type, its amount and the plant species. For seed
dry weight, interactions of pretreatment*stress level and stress level*cultivar
were significant (P ≤ 0.01). Accordingly, the highest data for seed dry weight
was recorded in the third level of stress (Table 4). For the stress and cultivar
interaction, the results showed that under severe stress conditions, the greatest
seed dry weight belonged to “Hayola 401”. However, there was no meaningful
difference between varieties considering the above trait. This all means that
in RVS cultivar seed storage compounds may have higher mobility during the
germination process and the later potential enhances the seeds’ germination
capabilities, and subsequently increases the seedling establishment under field-
grown conditions [27].
In the third section of the experiment, total dry weight (sum of aerial and

underground parts) produced the greatest data with 100% available moisture
and 900 μM cycocel (table not shown). The same trend was detectable with
any increase in stress intensity. Regarding this trait, 600 μM cycocel treatment
possessed the next rank (table not shown). With all stress levels, dry seeds
(control) had the least amount for seed dry weight. Like with ours, Shekari et
al. [27] reported that salicylic acid treatment increased the total dry weight
of Borago officinalis L. seedlings. Kaydan et al. [18] also reported that un-
der salinity stress conditions, hormonal pretreatment enhanced the seedling
dry weight of wheat. The same results were recorded for aerial parts (leaves
and stem) dry weight (table not shown). Root dry weight followed the same
pattern as well, so that, the application of 600 and 900 μM cycocel had the
most promising effect on this trait (table not shown). Simultaneously, with
all stress levels, any shortage in available water content led to the reduced
root growth. Under severe stress, the prominent decrease in root growth was
evidenced. This is a classical viewpoint that, under severe drought stress, pho-
toassimilate partitioning towards the roots adversely affected, and this in turn
goes to reduced root growth rate and diminished underground dry weight [27].
Shekari et al. [27] demonstrated that Brassica rapa seeds pretreated with dif-
ferent ionic and non-ionic solutions had increased shoot and root dry weight.
Pretreated seeds gained the highest data for leaf number and area compared
with control non-treated seeds. The 100 μM cycocel treatment produced the
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near-maximum data for leaf number and area. Our findings are well in con-
formity with the reports of Martin-Mex [20] and Shekari et al.[27]. Aerial to
underground parts ratio (S/R) was affected by the treatments, and with all
pretreated seeds the ratio was lower than with control ones. The data for S/R
was aligned with the previous sections of the present experiment. This means
that the pretreatments mainly affected the underground parts, and hence the
S/R ratio.
Contrarily, leaf area ratio (LAR) and leaf weight ratio (LWR) for pretreated

seeds were lower than for control seeds mainly due to elevated total dry weight
per leaf area and leaf dry weight (table not shown). This is more highlighted,
considering the improved underground parts growth and dry matter accumu-
lation, especially under water-deficit conditions. As previously understood,
water deficiency affects the growth potential of plants in favour of the under-
ground parts [7]. The results from the present experiment verify the great
effects of cycocel on plant growth and development. Furthermore, the find-
ings emphasize the interaction effects of drought stress, varieties and their
crosstalk with hormonal pretreatment. Overall, cycocel pretreatment has the
potential to affect the pre-germination stages of seeds in favour of improved
early growth and development of the seedlings, particularly under water-deficit
stressful conditions. However, its effect is partly species dependent. Finally,
in the present experiment, cycocel at 600-1200 μM had promising effect on the
seeds’ germination-related traits, and RVS had also more potential for stress
escape with cycocel pretreatment. The other main advantage of RVS was its
strong response to severe stress levels.

4 Conclusion

However, the positive effects of CCC coping with drought stress have been
frequently verified, but – due to a vast range of feedbacks – there is a great
need for further studying its effects and application method on plant growth
and development under harsh conditions. In the present experiment, CCC
treatment potentiated to enhance the germination-related traits under both
normal and stressful conditions. Moreover, varieties had diverse responses to
CCC application. Considering seed vigour characteristics, CCC was able to
increase radicle length and reservoir mobilization, but, under intense stress,
the ameliorative effects of CCC were decreased. Seed priming with CCC sig-
nificantly affected the plant growth characteristics, so that, total dry weight
and photosynthesis potential of plants were amended by the treatments mainly
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due to the increased leaf number and area as well as the overall plant growth
improvement.
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