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Abstract 

 

Eremurus spectabilis is a perennial herbaceous species that grows in the wild. Commonly consumed as a 
vegetable, it is also classified among medicinal plants and popular ornamental geophytes. Germination is not 
achieved under normal conditions because of seed dormancy. In this study, various combined treatments were 
experimented with to improve the germination and emergence performance of E. spectabilis seeds. The seeds 
were immersed in solutions of potassium nitrate (KNO3: 5 mM for 24 and 48 hours), calcium chloride (CaCl2: 
5 mM for 24 and 48 hours) and subjected to tip cutting. Pre-treated seeds were then subjected to moist-cold 
stratification periods treatments for different durations (30, 50, 80 and 100 days). In the 5 mM KNO3 
treatments, 48-hour KNO3 and 100 days of stratification treatments had better germination (11.1%) and 
emergence values (9.7%). In the 5 mM CaCl2 treatments, 24-hour CaCl2 yielded better germination (10.2%) 
and emergence (8.4%) values. Seed tip-cutting treatments were the most successful among all the treatments 
for the germination and emergence parameters. 

 

Keywords: CaCl2; KNO3; Liliaceae; moist-cold stratification; seed dormancy 
 
 
Introduction 

 
E. spectabilis is a perennial herbaceous species growing in the wild and belonging to the Eremurus genus 

of the Liliaceae family (Tuzlacı, 1985). Plant shoots and leaves are cooked and consumed as a vegetable. Apart 
from nutritional values, the plants are also used for medicinal purposes. Different sections of the plant are used 
for treating fungal diseases, diabetes, jaundice and liver disorders (Tuzlacı and Doğan, 2010; Tosun et al., 2012; 
Pourfarzad et al., 2014). As with other Asia-originated Eremurus species, E. spectabilis has recently been 
categorized as a popular ornamental plant geophyte and used in cut-flower production practices, especially in 
mild climate zones (Schiappacasse et al., 2013). 
Dormancy is also known as a seed-resting period, and it has been classified into five categories: physical, 
morphological, physiological, morphophysiological and combined (physical plus physiological) dormancy 
(Baskin and Baskin, 1998; Li et al., 1999; Baskin et al., 2000; Baskin and Baskin, 2004; Mamut et al., 2014).  
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Physical dormancy results from unavailable water intake because of impervious seed testa or fruit skin. Some 
external treatments on seeds (high heat, varying temperature regimes, drying and abrasion of seed testa by 
mechanical means or acids) may make impervious layers permeable (Li et al., 1999; Baskin et al., 2000). In 
morphological dormancy, the embryo is either not differentiated at all or differentiated but less-developed and 
small-sized. If a seed has an undifferentiated embryo during morphological dormancy, then there is no embryo 
and thus the radicle and cotyledon leaves are not formed. If a seed has a differentiated but less-developed 
embryo, as seen in species of the Apiaceae and Ranunculaceae families, then there are radicle and cotyledon 
leaves, but the embryo is smaller than 1 mm. In species with less-developed embryos, there is no need for pre-
treatments to break the morphological dormancy of the seeds. It has been reported that when the seeds of these 
species were subjected to proper temperature and photoperiod regimes over moist papers based on species and 
embryo sizes, germination was observed in 4 weeks or under (Baskin and Baskin, 1998). 

In physiological dormancy, the seeds are not able to germinate due to internal causes in the embryo, 
and the seeds should be subjected to moist-cold stratification treatments of varying durations to break the 
dormancy (Nikolaeva, 1969). Physiological dormancy could be severe, moderate or weak. To break the 
dormancy, the seeds generally need 10-16 weeks of moist-cold stratification for severe physiological dormancy, 
8-14 weeks for moderate dormancy and 2-8 weeks for weak dormancy (Baskin and Baskin, 2004). 

Morphophysiological dormancy occurs with the combined effect of morphological and physiological 
dormancy. In the seeds of species with morphophysiological dormancy, germination is not seen within 4 weeks, 
even when the seeds are subjected to proper temperature and photoperiod regimes. It is different from 
morphological dormancy in this sense (Baskin and Baskin, 2004). In several cold desert species of the Apiaceae, 
Araceae, Berberidaceae, Fumariaceae, Gentianaceae, Iridaceae, Liliaceae and Ranunculaceae families, the seeds 
have less-developed embryos (Baskin and Baskin, 1998). 

Dormancy could occur due to either a single cause or the combined effects of different causes in some 
species.  It is called a combined dormancy. In these cases, in addition to physical dormancy, physiological 
dormancy is observed (physical dormancy plus physiological dormancy). In some species, following the 
breaking of physical dormancy, moist-cold stratification treatments should be applied to break the 
physiological dormancy (Baskin and Baskin, 1998; Baskin et al., 2000). Dormancy-breaking treatments are 
applied to the seeds of several valuable plant species (Cho et al., 2018; Cho and Lee, 2018; Kırmızı et al., 2018). 
Such efficient dormancy-breaking practices should also be determined in E. spectabilis for seed propagation and 
further in vitro culture of the plants. A review of the literature reveals that the number of studies about the 
breaking of seed dormancy in E. spectabilis is very limited, and single dormancy-breaking treatments were 
applied in those studies rather than combined treatments (Güngör, 2002; Rahmanpour et al., 2005; Keskiner 
and Tuncer, 2019). In a previous study, conducted with E. spectabilis, 0.0%–73.3% of germination rate was 
achieved with moist-cold stratification treatments for different durations (Keskiner and Tuncer, 2019). In 
these studies, 100 days of cold stratification treatments were found to be the most promising treatment, and 
very low germination rates were reported for single potassium nitrate (KNO3) and calcium chloride (CaCl2) 
treatments without moist-cold stratification treatments (Keskiner and Tuncer, 2019). It was indicated that 
dormancy was persistent in E. spectabilis seeds, but positive outcomes were achieved with long-term (90 and 
100 days) moist-cold stratification treatments. 

It was thought that together with moist-cold stratification treatments, combined treatments could have 
positive impacts on the germination and the emergence of E. spectabilis seeds. With this study, the possible use 
of various combined treatments to shorten the germination duration of E. spectabilis seeds, which normally 
require 3-4 months for germination, was also investigated. In this study, combined with the moist-cold 
stratification treatments  for different durations (at 4 °C for 30, 50, 80, and 100 days), KNO3 (5 mM for 24 
and 48 hours), CaCl2 (5 mM for 24 and 48 hours) and seed tip-cutting treatments on the breaking of 
dormancy, germination and emergence performance of E. spectabilis seeds were investigated. 
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Materials and Methods 

 
Plant materials and sterilization of seeds 

The E. spectabilis seeds used in the present experiments were supplied from the town of Gürpınar (38° 
8' 20.75'' N, 43° 30' 55.15'' E; 1,730 m) in the province of Van, in Turkey. Seed sterilization was performed in 
two stages. In the first stage, to remove fungal disease agents, seeds were kept in a 0.3% Benomyl solution for 
an hour, washed with distilled water and kept in distilled water for 1 hour. In the second stage, the seeds were 
taken into a laminar flow cabinet, supplemented with 1–2 drops of Tween 20, kept in a 30% sodium 
hypochlorite solution (NaOCl) for 10 minutes, rinsed three times with sterile distilled water for 5 minutes. 
Then, the seeds were placed on drying papers to remove any excess water. All the materials (glass petri dishes, 
drying papers, cotton, forceps, and distilled water) were sterilized in an autoclave (at 121 ºC, 1.2 atm pressure 
for 1.5 hours). Seed sowing and irrigation practices were performed in a laminar flow cabinet with sterile 
distilled water.  

 

Immersion in KNO3 or CaCl2 solution and moist-cold stratification treatments  

The sterilized seeds were immersed in 5 mM KNO3 or CaCl2 solutions for 24 and 48 hours then rinsed 
with sterile distilled water. Seeding was performed in petri dishes and they were subjected to moist-cold 
stratification treatments at 4 °C for 30, 50, 80 and 100 days (Farzami Sepehr and Ghorbanli, 2011). 

 
Seed tip-cutting and moist-cold stratification treatments 

The sterilized seeds were taken into a sterile laminar flow cabinet and their tips were cut (Farzami Sepehr 
and Ghorbanli, 2011). Two layers of drying paper were placed base the petri dishes and tip-cut seeds were sown 
in petri dishes. Each treatment included three replications, each replicate (petri dish) containing 25 seeds. Then 
the petri dishes were placed in polyethylene bags and subjected to moist-cold stratification treatments at 4 °C 
for 30, 50, 80 and 100 days. Drying papers were moistened with 5 mL sterile distilled water when the moisture 
content decreased. 

 
Germination and emergence tests 

The seeds were germinated in an incubator at 12–13 °C under completely dark conditions until 
optimum germination was achieved (Güngör, 2002; Keskiner and Tuncer, 2019). In all treatments, a 2 mm 
elongation of radicle from the seed testa was considered as the germination criterion, and the period in which 
the cotyledon leaf extended parallel to the ground was considered as the emergence criterion. For every 
treatment, germination and emergence were counted final count until no further germination and emergence 
occurred. The counts started at the end of the moist-cold stratification treatments and were done with an 
interval of 3 days. At the end of the tests, the germination ratio (GR), emergence ratio (ER), germination speed 
(GS), emergence speed (ES), mean germination time (MGT), mean emergence time (MET), vigour index (VI), 
radicle length (RL), plumule length (PL) and seedling length (SL) (cm) were calculated. The following 
equations were used in the calculations (Abdul-baki and Anderson, 1973; Murillo-Amador et al., 2002): 

 

�GR��ER��%� =
�

	
		× 		100		        (1) 

�MGT�	�MET�	�day� 	= 	
[��.���	�	×	�.����	�	��.���	�	×	�.����	�⋯�	��.���	�	×	�.����

	����	�
  (2) 

Germination	or	emergence	speed		 = 	
��

��
+	

��

��
+⋯+	

��

��
    (3) 

Vigor	index		 = 	./		 × 	
�0

�11
        (4) 

 
In the equations: n1, n2: number of germinated or emerged seeds; t1, t2: number of days for germination 

or emergence; Ls: Mean radicle + plumule length; G=germinated or emerged seeds; T=total number of seeds. 
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Statistical analysis 

The germination and emergence experiments were conducted in a completely randomized block design 
with three replications (25 seeds per replicate). Data for germination and emergence parameters were subjected 
to arcsine transformation before statistical analysis. The data were statistically analysed using analysis of 
variance (ANOVA) with Statgraphics statistical software, followed by Duncan’s multiple range test 
comparisons for significant differences.  

 
 
Results 

 
In all applications, the control group (seeds without any treatment) was excluded from the experiment 

since there was no germination in the control group. 
 

Combined effects of immersion in a KNO3 solution and moist-cold stratification treatments  

The combined effects of KNO3 and moist-cold stratification treatments on the germination parameters 
are presented in Table 1. 

 
Table 1. Effect of immersion in KNO3 solution (5 mM) and stratification period (MCST) for germination 
rate (GR), germination speed (GS) and mean germination time (MGT) 

KNO3 
Stratification period 

(day) 
GR (%) ± S.E. GS (day) ± S.E. MGT (day) ± S.E. 

24 h 

30 0.0 ± 0.0 c 0.0 ± 0.0 b 0.0 ± 0.0 d 
50 0.0 ± 0.0 c 0.0 ± 0.0 b 0.0 ± 0.0 d 
80 0.0 ± 0.0 c 0.0 ± 0.0b 0.0 ± 0.0 d 

100 29.2 ± 2.1 a 0.5 ± 0.3 a 41.1 ± 1.2 b 
Average 7.3 ± 3.8 2 0.1 ± 0.1 10.3 ± 5.4 2 

48 h 

30 1.9 ± 0.4 c 0.1 ± 0.1 ab 2.3 ± 0.3 d 
50 1.9 ± 0.4 c 0.02 ± 0.1 b 4.6 ± 1.4 d 
80 13.0 ± 1.9 b 0.4 ± 0.2 ab 30.0 ± 2.8 c 

100 27.8 ± 0.1 a 0.1 ± 0.1 ab 50.2 ± 3.6 a 
Average 11.1 ± 3.2 1 0.2 ± 0.1 21.8 ± 6.0 1 

Average of 
MCST 

30 0.9 ± 0.4 C 0.05 ± 0.02 1.2 ± 0.5 C 
50 0.9 ± 0.4 C 0.01 ± 0.01 2.3 ± 1.2 C 
80 6.5 ± 2.0 B 0.2 ± 0.1 15.0 ± 6.8 B 

100 28.4 ± 0.9 A 0.3 ± 0.2 45.6 ± 2.6 A 
P Value 

KNO3 0.000** ns 0.000** 
MCST 0.000** ns 0.000** 

KNO3 x MCST 0.000** ns 0.000** 
Different capital letters in the same column indicate the differences among the moist-cold stratification period, 
different numbers indicate the differences among KNO3 duration and different small letters indicate significant the 
differences between interactions (Duncan test, **: p<0.01), ns: no significant difference 

 
With regard to GR and MGT, differences between the treatments and interactions were found to be 

significant (p<0.01). For the GR, a 48-hour KNO3 treatment (11.1%) was more successful than a 24-hour 
treatment (7.3%). While germination was achieved in only 100 days of stratification treatments (29.2%) in the 
24-hour KNO3 treatment, germination was achieved in both the 100 days (27.8%) and 80 days (13.0%) of 
moist-cold stratification treatments in the 48-hour KNO3 treatments (Table 1). The emergence parameters 
are summarized in Table 2. The greatest ER in both KNO3 immersion durations (24 and 48 hours) was 
obtained from 100 days of stratification treatments. For the ER (9.7), RL (0.3 cm), PL (3.0 cm), SL (3.3 cm) 
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and VI, 5 mM KNO3 (48 hours) and 100 days of stratification treatments was more successful (Table 2). In 
the 48-hour KNO3 treatments, the best GR (27.8%) and ER (25.9%) were again obtained from 100 days of 
stratification treatments. With regard to the effects of different immersion durations in a 5 mM KNO3 
solution, it was observed that 48 hours yielded better outcomes for all the germination and emergence 
parameters than did 24 hours. On average in the 48-hour KNO3 treatments, the GR, ER, MGT and MET were 
measured 11.1%, 9.7%, 21.8 days and 21.7 days, respectively (Table 1 and Table 2). 
 

Combined effects of immersion in a CaCl2 solution and moist-cold stratification treatments 

Contrary to the KNO3 treatments, better GR were achieved with 24-hour CaCl2 immersion durations 
than with 48-hour immersion. The greatest GR (33.3%) was obtained from 24-hour CaCl2 and 100 days of 
moist-cold stratification treatments. MGT varied between 0.0 and 43.0 days (Table 3). 

The effects of immersion in CaCl2 solution (5 mM) and stratification period on the emergence 
parameters are presented in Table 4. Considering the effects of different immersion periods in 5 mM CaCl2 
solution, it was observed that 24-hour treatments yielded a better ER (8.4%) and 48-hour treatments yielded 
better PL (2.8 cm) and SL (3.1 cm). The greatest ER (26.1%) was obtained from 24 hours CaCl2 and 100 days 
of stratification treatments (Table 4). 
 

Table 2. Effect of immersion in KNO3 solution (5 mM) and stratification period (MCST) for emergence 
rate (ER), emergence speed (ES), mean emergence time (MET), radicle length (RL), plumule length (PL), 
seedling length (SL) and vigour index (VI) 

K
N

O
3 

M
C

ST
 

(d
ay

) ER 
(%) ± S.E. 

ES 
(day) ± S.E. 

MET (day) 
± S.E. 

RL (cm) 
± S.E. 

PL (cm) 
± S.E. 

SL (cm) 
± S.E. 

VI ±  
S.E. 

24
 h

 

30 0.0 ± 0.0 c 0.0 ± 0.0 b 0.0 ± 0.0 e 0.0 ± 0.0 c 0.0 ± 0.0 d 0.0 ± 0.0d 0.0 ± 0.0 e 
50 0.0 ± 0.0 c 0.0 ± 0.0 b 0.0 ± 0.0 e 0.0 ± 0.0 c 0.0 ± 0.0 d 0.0 ± 0.0 d 0.0 ± 0.0 e 
80 0.0 ± 0.0 c 0.0 ± 0.0 b 0.0 ± 0.0 e 0.0 ± 0.0 c 0.0 ± 0.0 d 0.0 ± 0.0 d 0.0 ± 0.0 e 

100 27.1 ± 2.1a 0.5 ± 0.3 a 29.2 ±0.7b 0.5 ± 0.1 a 5.3 ± 0.6 a 6.2 ± 0.9 a 171.5±6.2 a 
Average 6.8 ± 3.6 2 0.1 ± 0.1 7.3 ± 3.8 2 0.1 ± 0.1 2 1.3 ± 0.7 2 1.5 ± 0.8 2 42.9 ± 9.42 

48
 h

 

30 1.9 ± 0.2 c 0.3 ± 0.1ab 0.3 ± 0.3 e 0.2 ± 0.0 b 1.3 ± 0.2 c 1.5 ± 0.2 c 8.5 ± 0.8 e 
50 1.9 ± 0.3 c 0.0 ± 0.0 b 4.6 ± 0.3 d 0.1 ± 0.1bc 3.0 ± 0.1 b 3.1 ± 0.1 b 17.4 ± 1.4 d 
80 9.3 ± 0.6 b 0.0 ± 0.0 b 24.1 ±1.0c 0.3 ± 0.1 b 3.2 ± 0.2 b 3.4 ± 0.2 b 67.9±3.6 c 

100 25.9 ± 1.9a 0.2 ± 0.1ab 57.9 ±1.3a 0.6 ± 0.1 a 4.5 ± 0.8 a 5.1 ± 0.6 a 140.7±3.8b 
Average 9.7 ± 2.9 1 0.1 ± 0.1 21.7 ± 6.91 0.3 ± 0.1 1 3.0 ± 0.4 1 3.3 ± 0.4 1 58.6± 15.91 

A
ve

ra
ge

  
M

 C
ST

 30 0.9 ± 0.4 C 0.2±0.1AB 0.2 ±0.2 D 0.1 ± 0.1 B 0.7 ± 0.3 C 0.8 ± 0.4C 4.3 ± 1.9 C 
50 0.9 ± 0.4 C 0.0 ± 0.0 B 2.3 ± 1.0C 0.1 ± 0.1 B 1.5 ± 0.7 B 1.6 ± 0.7 B 8.7 ± 3.9 C 
80 4.6 ± 2.1 B 0.0 ± 0.0 B 12.0±5.4B 0.1 ± 0.1 B 1.6 ± 0.7 B 1.7 ± 0.7 B 33.9±15.3B 

100 26.5 ±1.3A 0.3 ± 0.1 A 43.5±6.5A 0.5 ± 0.1 A 4.9 ± 0.4A 5.6 ± 0.5 A 156.1±7.6A 
P Value 

KNO3 0.006** ns 0.000** 0.003** 0.000** 0.000** 0.000** 
MCST 0.000** ns 0.000** 0.000** 0.000** 0.000** 0.000** 

KNO3xMCST 0.005** ns 0.000** ns 0.000** 0.003** 0.000** 
Different capital letters in the same column indicate the differences among the moist-cold stratification period, 
different numbers indicate the differences among KNO3 duration and different small letters indicate significant the 
differences between interactions, Duncan test, **: p<0.01, ns: no significant difference 
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Table 3. Effect of immersion in CaCl2 solution (5 mM) and stratification period (MCST) for germination 
rate (GR), germination speed (GS) and mean germination time (MGT) 

CaCl2 
Stratification period 

(day) 
GR (%) ± S.E. GS (day) ± S.E. MGT (day) ± S.E. 

24 h 

30 1.8 ± 0.2 d 0.03 ± 0.0 0.3 ± 0.1 e 
50 0.0 ± 0.0 d 0.0 ± 0.0 0.0 ± 0.0 e 
80 5.5 ± 0.3 b-d 0.4 ± 0.2 7.9 ± 0.4 d 

100 33.3 ± 6.6 a 0.7 ± 0.2 43.0 ± 2.8 a 
Average 10.2 ± 4.3 1 0.3 ± 0.1 12.8 ± 5.4 

48 h 

30 0.0 ± 0.0 d 0.0 ± 0.0 0.0 ± 0.0 e 
50 3.7 ± 0.4 cd 0.4 ± 0.2 0.3 ± 0.1 e 
80 11.1 ± 0.3 b 0.06 ± 0.0 28.0 ± 0.1 b 

100 9.3 ± 0.7bc 0.7 ± 0.2 22.1 ± 2.5 c 
Average 6.0 ± 1.3 2 0.3 ± 0.1 12.6 ± 3.8 

Average of 
MCST 

30 0.9 ± 0.4 C 0.01 ± 0.01 B 0.2 ± 0.1 C 
50 1.9 ± 0.8 C 0.2 ± 0.01 B 0.2 ± 0.1 C 
80 8.3 ± 1.3 B 0.2 ± 0.1 B 17.9 ± 4.5 B 

100 21.3 ± 6.2 A 0.7 ± 0.2 A 32.6 ± 5.0 A 
P Value 

CaCl2 0.027* ns ns 
MCST 0.000** 0.020* 0.000** 

CaCl2 x MCST 0.001** 0.477* 0.000** 
Different capital letters in the same column indicate the differences among the moist-cold stratification period, 
different numbers indicate the differences among CaCl2 duration and different small letters indicate significant the 
differences between interactions, Duncan test, *: p<0.05, **: p<0.01, ns: no significant difference 

 
Table 4. Effect of immersion in CaCl2 solution (5 mM) and stratification period (MCST) for 
emergence rate (ER), emergence speed (ES), mean emergence time (MET), radicle length (RL), 
plumule length (PL), seedling length (SL) and vigour index (VI) 

C
aC

l 2 

M
C

ST
 

(d
ay

) ER (%) 
± S.E. 

ES (day) 
± S.E. 

MET (day) 
± S.E. 

RL (cm) 
± S.E. 

PL (cm) ± S.E. SL (cm) ± S.E. VI ± S.E. 

24
 h

 

30 1.9 ±0.2 de 
0.01 ± 0.0 

b 
16.3 ± 2.4 

c 
0.1 ±0.0 

de 
1.0 ± 0.1 

cd 
1.1 ±0.1 

cd 
6.3 ± 0.4  

e 
50 0.0 ± 0.0 e 0.0 ± 0.0 b 0.0 ± 0.0 e 0.0 ± 0.0 e 0.0 ± 0.0 d 0.0±0.0d 0.0 ± 0.0 e 
80 5.6 ± 0.3 c 0.7 ± 0.3 a 3.3 ± 0.9 d 0.2 ±0.1cd 1.3 ± 0.3cd 1.6±0.3cd 20.5±2.5 d 

100 26.1 ± 1.2a 0.2 ± 0.1 ab 32.1 ± 0.3 a 0.5 ± 0.1 a 4.3 ± 1.2 ab 4.8± 1.2 ab 119.9±5.7 a 
Average 8.4 ± 3.2 1 0.2 ± 0.1 12.9 ± 3.8 0.2 ± 0.1 1.7 ± 0.5 2 1.9 ± 0.6 2 36.7 ± 10.2 

48
 h

 

30 0.0 ± 0.0 e 0.0 ± 0.0 0.0 ± 0.0 e 0.0 ± 0.0 e 0.0 ± 0.0 d 0.0±0.0d 0.0 ± 0.0 e 
50 3.7 ±0.3 cd 0.4±0.2 ab 0.3 ±0.2 de 0.2 ±0.1 cd 2.3 ± 0.3 bc 2.5±0.3 bc 27.8±3.0 d 
80 11.1 ± 0.9b 0.05 ± 0.01 25.8 ± 1.1 b 0.4± 0.1 ab 6.0 ± 1.0 a 6.4±1.1 a 77.1 ± 1.7b 

100 9.3 ± 1.1 b 0.2 ± 0.1ab 23.9 ± 0.6b 0.3 ±0.1bc 3.0 ± 1.2bc 3.3± 1.2bc 43.3 ± 1.6c 
Average 6.0 ± 1.3 2 0.2 ± 0.1 12.5 ± 3.7 0.2 ± 0.1 2.8 ± 0.7 1 3.1 ± 0.7 1 37.1 ± 8.4 

A
ve

ra
ge

 o
f 

M
C

ST
 30 0.9 ± 04 C 0.05 ± 0.0 8.2 ± 3.8 C 0.06±0.0B 0.5 ± 0.2 B 0.6 ± 0.2 B 3.1 ± 1.4 D 

50 1.9 ± 0.8 C 0.2 ± 0.1 0.2 ± 0.2 D 0.08±0.0 B 1.2 ± 0.5 B 1.3 ± 0.6 B 13.9±6.4 C 
80 8.3 ± 1.3 B 0.4 ± 0.2 14.6 ±5.0B 0.3 ±0.1A 3.7 ± 1.2 A 3.9 ± 1.2 A 48.8±12.7B 

100 17.7±3.8A 0.2 ± 0.1 27.9 ±1.8A 0.4 ±0.1A 3.7 ± 0.8 A 4.0 ±0.8 A 81.6±17.3A 
P Value 

CaCl2 0.004** ns ns ns 0.043* 0.009** ns 
MCST 0.000** ns 0.000** 0.000** 0.009** 0.007** 0.000** 

CaCl2xMCST 0.000** ns 0.000** 0.007** 0.003** 0.003** 0.000** 

Different capital letters in the same column indicate the differences among the moist-cold stratification period, 
different numbers indicate the differences among CaCl2 time and different small letters indicate significant the 
differences between interactions, Duncan test, *: p < 0.05, **: p < 0.01, ns: no significant difference 
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Combined effects of seed tip-cutting and moist-cold stratification treatments  

Moist-cold stratification of tip-cut seeds for different periods was the most successful among all the 
treatments. Differences in GR and MGT were not found to be significant (Table 5). The greatest GR were 
obtained from 100 days (60.6%) and 80 days (51.5%) of stratification treatments. The GR of 45.5% was 
achieved, even with 30 days of stratification treatments. It is quite remarkable in the present study that high 
germination and emergence values were achieved in tip-cut seeds, even with short stratification durations. 
Based on stratification durations, GR varied between 45.5% and 60.6% and ER varied between 21.4% and 
29.3%. Tip-cutting treatments also shortened MGT (9.5–15.0 days) and MET (8.4–11.3 days) of E. spectabilis 
seeds when compared with the other treatments (Table 5 and Table 6). 
 

Table 5. Effects of moist-cold stratification periods on germination parameters of tip-cut seeds (GR: 
germination rate, GS: germination speed, MGT: mean germination time) 

Stratification period (day) GR (%) ± S.E. GS (day) ± S.E. MGT (day) ± S.E. 
30 45.5 ± 10.1 3.0 ± 1.0 b 13.3 ± 2.1 
50 45.5 ± 2.6 2.3 ± 0.4 b 12.1 ± 1.8 
80 51.5 ± 4.0 3.4 ± 0.3 b 15.0 ± 2.4 

100 60.6 ± 3.0 5.4 ± 0.3 a 9.5 ± 2.6 
P Value ns 0.034* ns 

Different small letters in the same column indicate the differences among the moist-cold stratification period, Duncan 
test, *: p<0.05, ns: no significant difference 

 
Table 6. Effects of moist-cold stratification periods on emergence parameters of tip-cut seeds (ER: 
emergence rate, ES: emergence speed, MET: mean emergence time, RL: radicle length, PL: plumule length, 
SL: seedling length and VI: vigour index) 

Stratification 
period (day) 

ER (%)  
± S.E. 

ES (day) 
± S.E. 

MET (day) 
± S.E. 

RL (cm) 
± S.E. 

PL (cm) 
± S.E. 

SL (cm) 
± S.E. 

VI 
± S.E 

30 21.4± 1.5 b 1.4 ± 0.1 8.4 ± 0.4 b 0.5 ± 0.1 5.8 ± 0.7 6.3 ± 0.7 366.9±42.1 
50 23.0 ±1.2 b 1.1 ± 0.3 11.3 ± 0.7 a 0.5 ± 0.1 6.5 ± 1.5 7.0 ± 1.5 348.8±3.5 
80 24.9±1.7ab 1.1 ± 0.2 10.3±0.7ab 0.9 ± 0.4 6.3 ± 0.2 7.3 ± 0.6 353.6±26.2 

100 29.3 ± 1.1 a 1.5 ± 0.3 8.9 ± 0.6 b 1.1 ± 0.4 5.8 ± 1.2 6.9 ± 1.6 354.2±38.5 
P Value 0.022* ns 0.033* ns ns ns ns 

Different small letters in the same column indicate the differences among the moist-cold stratification period, Duncan 
test, *: p<0.05, ns: no significant difference 

 
 
Discussion 

 
Keskiner (2017) and Keskiner and Tuncer (2019) applied different doses of KNO3 (0, 5 mM, 10 mM, 

and 15 mM) to break the dormancy in E. spectabilis seeds and reported that a 5 mM KNO3 yielded better  
germination rate and emergence rate  than the other doses and indicated drastically decrease in germination 
and emergence values with increasing doses. In the present study, in the 24-hour KNO3 treatments, the greatest 
germination rate (29.2%) and emergence rate (27.1%) were obtained from 100 days of stratification 
treatments, but germination and emergence were not achieved in other stratification durations of the 24-hour 
KNO3 treatments (Table 1 and Table 2). 

Keskiner (2017) reported the mean germination rate and mean germination time for a 5 mM KNO3 
dose as 10% and 43.68 days, respectively, and reported the mean emergence rate and mean emergence time as 
3.33% and 31.16 days, respectively. Present germination rate and especially emergence rate were greater than 
the values Keskiner (2017) reported. Such increases primarily resulted from the combined effects of immersion 
durations in a KNO3 solution and stratification treatments. Güngör (2002) reported no positive outcomes for 
germination of E. spectabilis seeds subjected to KNO3 treatments (0.2%). In another study, Tulipa 
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kaufmanniana Regel (Liliaceae) seeds were subjected to cold stratification and KNO3 treatments together, and 
the greatest germination ratio was reported for KNO3 (0.1%) and 7 weeks of cold stratification treatments 
(Rouhi et al., 2010). 

Keskiner (2017) and Keskiner and Tuncer (2019) applied different doses of CaCl2 (0, 5 mM, 10 mM, 
and 15 mM) to E. spectabilis seeds and reported that the 5 mM dose yielded a better GR (3.33%) and ER 
(2.66%) than the other doses. Present findings were much greater than the values Keskiner (2017) reported. 
Such increases mainly resulted from the combined effects of CaCl2 and stratification treatments. 

Rahmanpour et al. (2005), for E. spectabilis, and Rahmanpour et al. (2007), for E. olgae, reported that 
the mechanical abrasion of seeds with some chemicals and tip-cutting treatments had positive impacts on 
germination and emergence parameters. At the end of 3 weeks, Rahmanpour et al. (2005) reported the greatest 
germination rate (53.3%) and germination speed (0.88 days) for tip-cut seeds of E. spectabilis subjected to a 
pretreatment of immersion in a 35% sodium hypochlorite solution for 24 and 48 hours and 0.01 M GA3 and 
citric acid (50 mg L-1) solutions for 45 minutes. In the present study, a greater GR (60.6%) was achieved. In 
another study, Rahmanpour et al. (2007) reported a 70% germination rate for citric acid-treated tip-cut seeds 
of E. olgae and 80% germination ratio for different combined treatments (immersion in water for 24–48 hours 
plus tip-cutting plus immersion in a 0.08 M GA3 solution for 45 minutes). Such findings do not comply with 
the present ones because of the different species used. It was reported in a previous study by the present 
researchers (Keskiner and Tuncer, 2019) and in Güngör (2002) that without any pre-treatments, dormancy in 
E. spectabilis seeds was able to be broken only with moist-cold stratification treatments for a 2–3 month-long 
duration. According to Baskin and Baskin (2004), if a species requires 8–14 weeks of moist-cold stratification, 
this species has a moderate physiological dormancy. Such findings indicate that E. spectabilis exhibits moderate 
physiological dormancy. 

With regard to the morphophysiological dormancy of E. spectabilis seeds, again, according to Baskin and 
Baskin (2004), if there is no germination in seeds taken under appropriate conditions within 4 weeks, these 
seeds may have a morphophysiological dormancy. Both in the present study and in a previous study by the same 
researchers (Keskiner and Tuncer, 2019), germination was not observed in E spectabilis seeds without any pre-
treatments (control group) within 4 weeks, even when the seeds were manipulated under appropriate 
conditions. A combined dormancy (physical dormancy plus physiological dormancy) may be seen in some 
species (Baskin and Baskin, 1998; Baskin et al., 2000). Following the breaking of physical dormancy, there is a 
need for moist-cold stratification treatments to break the physiological dormancy. In the present study, 
germination was achieved in tip-cut seeds in less than 30 days when the seeds were subjected to moist-cold 
stratification treatments. Such findings indicate that E. spectabilis has a combined dormancy. 

 
 

Conclusions 

 
Based on the present findings, it can be concluded that in both in vitro and field germination studies of 

E. spectabilis, moist-cold stratification treatments for short periods (< 30 days) to tip-cut seeds could improve 
germination rate and emergence rate and dramatically shorten mean germination time and mean emergence 
time. The present findings may guide future researchers in solving dormancy problems in E. spectabilis and in 
further culture practices with E. spectabilis. 
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