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ABSTRACT

Background: This study was conducted to investigate the effects of germination temperature, storage container and storage temper-
ature on Scrophularia buergeriana and Scrophularia takesimensis seeds.

Methods and Results: Seed lengths of both species were 0.8 mm, while seed width differed, with S. buergeriana measuring 0.5 mm
and S. takesimensis measuring 0.4 mm. The seeds of S. buergeriana were packaged in paper containers under room temperature
(157C), cold temperature (4C), and freeze temperature (—20°C ). These seeds exhibited around 80% germination rate at temperatures
between 15C and 30°C . The germiantion rate of S. fakesimensis, on the other hand, differed significantly at different germination
temperatures. Seeds of S. takesimensis which were packaged in vinyl and paper containers and stored under room and cold tempera-
tures, exhibited around 80% germination rate at 15°C . However, the germination rate of freeze-stored seeds were decreased to lower
than 20% at germination temperatures of 15C, 25°C and 30C germiantion conditions. The rate of germination showed a low posi-
tive to a significantly negativie correlation with the other factor that were determined to evaluate the germination performance.
Conclusions: This study elucidates the most suitable germination and storage conditions to increase the germination rate for the two
species of Scrophularia buergeriana and Scrophularia takesimensis needs to be stored in paper containers under cold temperature
and requires a temperature of 20C for germination. On the other hand, S. fakesimensis in vinyl containers need to be stored at room
temperature and those in paper containers at cold temperature, and a temperature of 15°C is required for germination.
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Table 1. Scrophularia species used in this study.

Collection  Voucher
site No.
S. buergeiana  NIHHS” MPS003509 KMRH?  Cultivate sp.
S. takesimensis Ulleunggun MPS003462 KMRH  Native sp.
DUNIHHS; National institute of horticultural and herbal science, Korea.

JKMRH; The Korea medicinal resources herbarium at department of
herbal crop research.

Taxon Herbarium  Remark
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(15C), AL @0 Y& (200l 180U7F Asldth
(LG refrigerator R-B515GD, LG, Changwon, Korea).
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et al., 1984).
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Table 2. Morphological characteristics of seeds in S. buergeriana
and S. takesimensis.

Taxon Seed Sged See_d Iengh
length width / width ratio
S. buergeriana 0.8 0.5 1.5£0.2
S. takesimensis 0.8 0.4 1.8+0.2
Mean 0.8 £0.0 0.5+0.0 1.6 £0.2
F value 1.4 24.6 26.3
p value 0.24 0.00 0.00
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Fig. 1. Effects of germination temperature, storage container and storage temperature on §.
buergeriana and S. takesimensis seeds germination percent. Cermiantion temperature; 15 C,
207, 25C and 307C. Seed were storaged in Paper (paper storage container), and Vinyl (vinyl
storage container) under room temperature (15C, R), cold temperature (4C, O), and freeze
temperature (-20°C, F). (A); S. buergeriana, (B); S. takesimensis. Means are significantly different at
p < 0.05, according to the One-way analysis of variance (ANOVA) results.
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Table 3. Several germination performance value of S. buergeriana seeds under various germination temperature, storage container and

temperature.
g?rr]?)]é?;tt:ﬁg Storage Storage MGT? Tyo? GE? Gs? aP
) container temperature (day)
Room 4.8 3.9 1.0 9.5 4.0
Paper Cold 4.7 3.9 0.9 9.9 4.1
15 Freeze 6.1 54 0.0 7.2 53
Room 9.1 8.5 0.0 3.5 5.6
Vinyl Cold 5.4 4.9 0.3 8.2 4.6
Freeze 6.3 5.4 0.0 7.2 5.3
Room 3.9 3.3 1.1 10.8 3.2
Paper Cold 3.6 3.0 1.7 13.1 3.3
2 Freeze 4.4 3.6 1.2 10.2 3.6
Room 6.6 5.5 0.1 5.5 4.4
Vinyl Cold 4.1 3.5 1.6 11.3 3.6
Freeze 4.4 3.6 1.5 11.1 3.9
Room 3.6 3.0 1.6 12.5 3.1
Paper Cold 4.0 3.0 1.4 1.7 3.3
25 Freeze 3.7 3.0 1.6 12.6 33
Room 5.4 4.5 0.5 6.4 3.4
Vinyl Cold 3.8 3.1 1.6 12.3 3.3
Freeze 3.9 3.0 1.4 11.3 3.2
Room 3.5 2.7 1.5 12.7 2.9
Paper Cold 3.8 2.6 1.6 13.5 3.4
30 Freeze 3.2 2.6 1.5 12.4 2.5
Room 5.0 3.6 0.7 7.1 2.8
Vinyl Cold 3.7 3.0 1.4 10.9 2.8
Freeze 4.2 3.1 1.3 11.2 3.5
Mean + SE 46+02 38+02 1.1£01 101+£03 3.7+0.1
F value 32.5 77.3 55.6 35.2 10.5
p value 0.00 0.00 0.00 0.00 0.00

Germiantion temperature; 15C, 20T, 25C and 30°C. Seed were storaged in Paper (paper storage container), and Vinyl (vinyl storage container)
under room temperature (15C, R), cold temperature (4C, C), and freeze temperature (-20C, F). "MGT; Mean germination rate. ?Tso; days to
50% of germination of final germination rates. *GE; Germination energy. *GS; Germination speed. *’Gl; Germination index.
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Table 4. Several germination performance value of S. takesimensis seeds under various germination temperature, storage container and

temperature.
Germination Storage
Temperature Storqge Tempergture MGT" Tso? GPY GSY G
«©) container ) (day)
Room 10.6 9.7 0.0 3.9 8.2
Paperr Cold 8.9 7.3 0.0 5.3 7.5
15C Freeze 12.1 10.8 0.0 2.4 6.9
Room 9.4 7.9 0.0 4.7 7.8
Vinyl Cold 9.4 7.9 0.0 4.6 7.7
Freeze 11.3 9.9 0.0 2.9 7.0
Room 7.5 6.0 0.0 2.9 3.0
Paper Cold 6.5 5.5 0.0 3.7 2.9
20C Freeze 7.4 6.7 0.0 2.1 2.2
Room 6.8 5.9 0.0 4.5 4.0
Vinyl Cold 7.0 6.0 0.0 3.2 2.9
Freeze 7.7 7.1 0.0 3.3 3.7
Room 7.9 7.3 0.0 1.0 1.2
Paper Cold 9.2 8.5 0.0 1.4 2.1
25 Freeze 10.3 9.3 0.0 0.3 0.6
Room 7.9 7.3 0.0 1.8 2.2
Vinyl Cold 10.1 8.3 0.0 0.6 1.1
Freeze 8.6 7.6 0.0 0.4 0.6
Room 9.7 9.7 0.0 0.1 0.2
Paper Cold 1.7 1.7 0.0 0.1 0.0
30C Freeze 4.0 3.8 0.0 0.1 0.2
Room 11.5 11.5 0.0 0.1 0.3
Vinyl Cold 0.0 0.0 0.0 0.0 0.0
Freeze 6.7 6.7 0.0 0.1 0.1
Mean + SE 8.0+04 7.2+35 0.0 £0.0 2.1+0.0 3.0+ 0.1
F value 3.0 2.6 1.0 40.7 46.3
p value 0.00 0.00 0.48 0.00 0.00

Germiantion temperature; 15°C, 20C, 25T and 30°C. Seed were storaged in Paper (paper storage container), and Vinyl (vinyl storage container)
under room temperature (15°C, R), cold temperature (4C, C), and freeze temperature (-20C, F). "MGT; Mean germination rate. Tso; days to
50% of germination of final germination rates. *GE; Germination energy. YGS; Germination speed. ®Gl; Germination index.
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23k FolxE 15C -25C (Kang and Choi, 2006), F2=-2
30C (Lee et al., 2003) 2 v|=-55ol XS = S marilandica
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T3 FUTIA T Ak Wol= Aol F-3sle A
2, A 273 wet tiEA Yep = gt s-Elubetel
157] A ollA] AF e oAU k] Wol = A9 %
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o, FEAE &8 A, AN, EQA, S8 B2
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7144 HAGAE (1981 -2010d )0l 2Jsha A Ay
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o e8] wolso] 20% =71 @ vk Utk (Chung et al,
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Art.

A A0 A9 W B 0] gy A2 Bk

H|5lo] Wolgo] =x] ko Ao zpAPx|o) 2Eo] 129 29

Hrleo] G WolAx Y WAR AwAo] ¥ &
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& Agd 32 Al 66%= BE vl vk (Lee ef dl,
2014). sHAIRF o] o] A= FA] HAL7E E3sh
Aol #AgE A7F BarER] gttt

A AA] BHET)= =9t I FAke] R
B71E Ashs 83 adlolnt. FolsFe AgH 1F Y
HiE FAe Aee] AUlsErt 22 A T a8
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Table 5. Pearson

Mt X} 2olSy

[=}

coefficient among germination performance value of S. buergeriana and S. takesimensis related with germination.

GP" MGT? Tsy” GE" Gs” GI°
GP 1 0.31%+ 0.22 0.01 0.96** 0.97%*
MGT —0.47%* 1 0.979%* -0.06 0.21 0.39%*
Tso ~0.43%* 0.97** 1 -0.05 0.12 0.29*
GE 0.53%* ~0.87%* ~0.85%* 1 0.07 -0.03
GS 0.71%+ ~0.90%* -0.88** 0.93** 1 0.86**
Gl 0.08 0.83** 0.82%+ —0.71%* ~0.61%* 1

Means within a column followed by the same letter are not 5|gn|f|cantly different based on the DMRT test (*p < 0.05, **p < 0 01). S. buergeriana

(vertical column) and S. takesimensis (horizontal column).’
germination of final germination rates.

B3¥ v} e} (Soh er al., 2014).
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'GP; Germmatlon percentage. MGT Mean germination rate. *'Tso; days to 50% of
YGE; Germination energy. ?GS; Germination speed. ®Cl; Germination index.
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