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Abstract: This study was carried out in order to investigate the germination and the early growth characteristics
of Parasenecio firmus. Seed pre-treatment before the each experiment was carried out by shading treatment (with
drying at room temperature (DRT), drying at low temperature (DLT) and water soaking (WS) for 48 hours).
Experiment was performed by shading treatment (full sunlight, 35%, 50%, 75%, and 95% shading). Seeds of
Parasenecio firmus were surveyed the highest germination rate (61.1%) in full sunlight with WS (overall
25.7~61.1%). Height was surveyed the highest under 95% shading. And root collar diameter was surveyed the
highest in full sunlight. Fresh weights (leaf, shoot, root and total) were the highest under 50% shading. Dry weights
(leaf, shoot and total) were the highest under 75% shading. It was indicated the lowest leaf, shoot, root and total
under 95% shading. Leaf growth (leaf area, leaf length, leaf width and leaf thickness) and root growth (total root
length, root project area, root surface area, root diameter and root volume) were good under 35%~75% shading,
but the lowest under 95% shading. As a result of surveying the whole experiment, seed of Parasenecio firmus
grows well under 50%~75% shading after germination by high sunlight with water soaking (WS).
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Table 1. Size and quality of P. firmus seed.

Seed length Seed width 1000 seeds 1 liter Seed Seed

(mm) (mm) weight (g) weight (g) no.’kg no./L

8.68+0.53" 1.51+0.19 7.062 547.53 141,598 77,529

“Mean£SD.
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Figure 1. Effects of shading rates on germination rate of P
firmus seeds pre-treated with drying at room temperature
(DRT), drying at low temperature (DLT), and water soaking
(WS). Bars indicate SD.
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Table 2. Effects of shading on T, mean germination time, germination uniformity and germination speed of P. firmus seeds pre-
treated with drying at room temperature (DRT), drying at low temperature (DLT) and water soaking (WS).

Shading Pre-treatment T Mean germination Germination Germination
(%) (days) time (days) uniformity speed
DRT* 27.2+0.5%a 28.2+0.9a 39.0+1.4abcd 0.92+0.24cd
Full sunlight DLT 21.4+0.4de 23.4+1.2cde 43.2+13.8abcd 1.33+0.33bc
w§s* 22.8+0.6cde 22.8+0.4e 40.6+6.2abcd 2.09+0.07a
DRT 24.1+0.9bc 25.1+0.2bc 34.5+5.0bcd 0.77+0.10d
35 DLT 23.8+0.4bcd 24.8+0.9bcd 42.8+13.0abcd 1.25+0.04bc
WS 20.8+1.2¢ 22.7+1.7¢ 47.6+17.5abc 1.30+0.27bc
DRT 25.5+0.0ab 26.6+0.1ab 41.6+8.8abcd 1.11£0.10bcd
50 DLT 22.8+0.6cde 23.7+0.5cde 31.4+8.3cd 1.22+0.21bcd
WS 23.3+1.0bcde 24.8+0.5bcd 51.2+9.5ab 1.40+0.12b
DRT 27.8+1.3a 26.5+0.6ab 31.4+7.5¢d 1.21+0.15bc
75 DLT 22.7+1.3cde 24.3+1.2cde 30.3+£5.2d 1.30+0.27bc
WS 21.3+0.3de 23.5+0.1cde 48.1+6.4abc 1.24+0.00bcd
DRT 24.4+2 2bc 26.6+1.0ab 52.7+4.4a 0.99+0.27bcd
95 DLT 25.6+1.1ab 26.2+0.4b 40.2+0.2abcd 1.29+0.15bc
WS 22.0+3.5cde 23.0+2.5de 31.7+4.7cd 0.77£0.31d

“Drying at room temperature.

*Drying at low temperature.

*Water soaking.

“Days to 50% of germination of final germination rates.
*Mean+SD.
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Table 3. Effects of shading rates on height and root collar
diameter growth of P. firmus seedling.

Shading Height Root collar ~ Main root length
(%) (cm) diameter (mm) (cm)
0 4.3+1.2% 2.01+0.74a 7.8£1.3b
35 4.5+0.6b 1.5440.35ab 6.7£2.1bc
50 5.9+0.9a 1.60+0.24ab 12.9+1.9a
75 6.5+0.5a 1.38+0.19b 12.5£2.1a
95 6.6+0.7a 1.05+0.45b 4.8+1.6¢
“Mean+SD.
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Figure 2. Pictures of initial growth under various shading
rates of P, firmus seedling.
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Table 4. Leaf morphological characteristics of P. firmus seedling by shading rates.
Shading Leaf area Leaf length Leaf width Leaf aspect SLAY LAR* Leaf thickness
(%) (cm?) (L, cm) (W, cm) ratio (L/W) (cm? - g™ (cm? - g™ (mm)
0 25.6+3.6% 6.2+0.49¢ 6.5+0.8b 0.96+0.15a 166.3+61.7bc 89.8431.8b 0.27+0.03a
35 25.8+1.3¢ 6.0+0.26¢ 6.5+0.3b 0.93+0.06a 125.1x17.7¢ 69.6+5.5b 0.24+0.02ab
50 31.9+4.8b 6.8+0.52b 7.0+0.6b 0.98+0.06a 253.4+92.7b 108.5+35.3b 0.22+0.02b
75 37.3+3.4a 7.6+0.41a 7.7+0.5a 0.99+0.08a 162.4+41.7bc 97.5+16.5b 0.21+0.04b
95 12.0+£3.5d 4.3+£0.80d 4.2+0.7¢c 1.04+0.12a 406.9+121.3a 228.2+47.7a 0.14+0.03¢

“Mean+SD(n=6).
YSLA(Specific leaf area)=Leaf area/Leaf dry weight
*LAR(Leaf area ratio)=Leaf area/Total dry weight
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Full sunlight 35% shading 50% shading 75% shading 95% shading
Figure 3. Root images of P. firmus seedlings by shading rates.

Table 5. Root morphological traits of P. firmus seedlings by shading rates.

Shading Total root length Root project area Root surface area Root diameter Root volume
(%0) (cm) (em’) (em?) (mm) (em’)

0 212.5+68.5b 9.1+2.8b 28.6+8.9b 0.43+0.03a 0.31+0.10b
35 329.5+102.3a 13.5+3.1a 42.6+9.8a 0.42+0.04a 0.44+0.07a
50 379.7+98.9a 15.6+4.3a 48.9+13.6a 0.41+0.04ab 0.51+0.17a
75 291.3+67.2ab 12.8+2.9a 40.149.3a 0.44+0.02a 0.44+0.11a
95 47.7£21.5¢ 1.8+0.8¢c 5.6£2.4c 0.37+0.05b 0.05+0.02¢

“Mean=SD(n=6).

Table 6. Effects of shading rates on percentage (%) total root length by different root diameter classes of P. firmus seedlings.

Shading Root diameter classes (mm)

(%) <0.1 0.1-0.2 0.2-0.3 0.3-0.4 0.4-0.5 0.5-0.6 0.6<
0 23 19.7 279 234 9.5 6.9 103
35 32 20.6 32.8 242 48 4.0 10.4
50 32 249 333 21.7 34 3.0 10.5
75 2.5 16.6 32.8 27.7 53 32 11.9
95 54 20.0 30.3 27.1 57 4.0 7.6
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Table 7. Effects of shading rates on fresh weight and dry weight of P. firmus seedling.

Leaf (g) Shoot (g)

Shading Root (g) Total (g) S(L+S)R
(%) FW* DW FW DW FW DW FW DW ratio
0 0.781 0.170 0.137 0.046 0.451 0.092 1370 0.308 23
£0.196b  +0.061bc +0.066b  +0.018a £0.167b  +£0.027b +0.374¢ +0.096a +0.5b
35 0.769 0.210 0.140 0.042 0.705 0.120 1.614 0.372 22
+0.089b  +0.032ab +0.035b +0.007a £0.091ab  £0.028ab  +0.152bc  +0.033a +0.7b
50 1.165 0.139 0.262 0.043 0.890 0.145 2317 0.327 1.4
+0.383a  +0.045¢ +0.10la  +0.017a +0.434a +0.072a +0.599a +0.122a +0.5b
75 1.030 0.240 0.262 0.056 0.650 0.093 1.943 0.388 33
+0.073a  +0.048a £0.040a  +0.015a +£0.174ab  +£0.019b £0.185ab  +0.042a +0.8b
05 0.288 0.030 0.131 0.017 0.051 0.005 0.470 0.052 12.3
+0.088¢ +0.009d £0.025b  +0.004b +0.027¢ +0.003¢ +0.125d +0.012b +6.5a
“Fresh weight.
"Dry weight.
*Mean£SD.
100 1.0

80

60

Moisture contents (%)

OFull sunlight B©35% shading ®50% shading

®75% shading ®95% shading

40

Leaves Shoot Root Total

Figure 4. Effects of shading rates on moisture contents of P.
firmus. Bars indicate SD. Different letters in each column
indicate significant differences according to Duncan's multiple
range test (p=0.05).
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e THFigure 4). $HH, 2 A3 9] B3RS, A7)
Aol Al W8S 2gA 2] (A3 2 25%, 55%, 75%, 95%
25 5 ALEAS W 95% gl 7Y = g
2 Yehd A3 L 475 2 tH(Yoon et al., 2013).
ol gk 2kl = A HERE ol gl AE Fa gk, WEY
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0.6

0.4

Index (g - g71)

0.2

0.0
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Figure 5. Effects of shading rates on leaf dry weight ratio
(LWR), shoot dry weight ratio (SWR) and root dry weight
ratio (RWR) of P, firmus. Bars indicate SD. Different letters
in each column indicate significant differences according to
Duncan's multiple range test (p=0.05).

2 FZAFH(LWR), 717458 (SWR) 2 82|75
(RWR)ZE 31 Th LWRS AA| 2 0 2 0.44~0.622] M
2 AR 75% 2RgelA 7P w2 A o= e
TF SWRE 95% 2bgolA f-o048 Holw 0322 71
A ZAME A, e AR TFERE E 35%, 50%,
75% 2Pg )y oS HolA] o™ 0.11~0.15¢] HE=
ZATE A= olE 95% 2gollA] BE F-9)9] Aol
A2, FFo] FE7] wiel] Z77H g H o=
A7 710 2 AL E T RWRS 0.11~0.422] W2 50%
23S FA 07 1 B ZAER 0 xpgEo] ol

TE ol 95% xgellA] 71 GHA YERTH(Figure 5).
z =
=
w Ag U A2 A 61.1%= 7S =4 e
2

B AL 95% g4, 2LAA
Ago A 7HE 2o Row AT GAFHEH



554 IR

35%~75% Aol Al FEE AT FAMY
95% Z}ﬂoﬂfﬂ— 7 A3 RS B wk
B8, E71, ) 2 A A2 25 50% 2gelA,
1*&—‘7‘— o, E7))et A AFTHFLE 75% gl 7 =
o Ao R ALY 95% xpFol e BE H9]o)A]
7 z{z%} AAS w ol 7—] (=1 1,}]:/],1/1-
mata 2 A AAE Fdsh, IR e T
A gl ste] Asgo] Eo Froa WolaZl F oj= Hio
o] 2FA 2 (50%~75% A4S dh= 2] 871 frRALt
of Ho} a9 Zoz wAckE)

References

Ahn, M.H., Kim, J.H., Kim, J.L., and Choi, S.J. 2002. Devel-
opment of high quality production technology (Research
Project). pp. 7.

Arsenault, J.L., Poulcur, S., Messier, C., and Guay, R. 1995.
WinRHIZO, a root-measuring system with a unique overlap
correction method. HortScience 30(4): 906.

Bewley, J.D. and Black, M. 1985. Seeds
development and germination. Physiology and biochemis-

: physiology of

try of drought resistance in plants. Academic, Australia.
pp. 1-27.

Boardman, N.K. 1977. Comparative photosynthesis of sun
and shade plants. Annual Review of Plant Physiology 28:
355-3717.

Bonner, F.T. 1988. Seeds of woody plants. Advances in
Research and Technology of Seeds 11: 81-112.

Bouma, T.J., Nielsen, K.L., and Koutstaal, B. 2000. Sample prep-
aration and scanning protocol for computerised analysis of
root length and diameter. Plant and Soil 218: 185-196.

Coolbear, P, Francis, A., and Grierson, D. 1984. The effect of
low temperature pre-sowing treatment on the germination
performance and membrane integrity of artificially aged
tomato seeds. Journal of Experimental Botany 35: 1609-
1617.

Cooper, C.S. and Qualls, M. 1967. Morphology and Chlorophyll
Content of Shade and Sun Leaves of Two Legumes. Crop
Science 7(6): 672-673.

Edwards, T.I. 1934. Relations of germinating soybeans to
temperature and length of incubation time. Journal of
Plant Physiology 9: 1-30.

Gordon, A.G. 1971. The germination resistance test-a new test
for measuring germination quality of cereals. Canadian
Journal of Plant Science 51: 181-183.

Hiroki, S. and Ichino, K. 1998. Comparison of growth habits
under various light conditions between two climax spe-
cies, Castanopsis sieboldii and Castanopsis cuspidata, with
special reference to their shade tolerance. Ecological

A103d A45 (2014)

Research 13(1): 65-72.

Jin, YH. and Ahn, Y.H. 2010. Comparison of Ecological
Characteristics of Parasenecio firmus Population in Korea
and China. Journal of the Environmental Sciences 19(2):
197-207.

Kim, GN., Cho, M.S., and Kwon, K.W. 2010a. Analysis
growth performance and ascorbic acid contents of Allium
victorialis var. platyphyllum, Ligularia fischeri, and L.
stenocephala under changing light intensity. Journal of
Korean Forest Society 99(1): 68-74.

Kim, J.J., Lee, K.J., Song, K.S., Cha, Y.G, Chung, Y.S., Lee,
JH., and Yoon, T.S. 2010b. Exploration of Optimum Con-
tainer for Production of Larix leptolepsis Container Seed-
lings. Journal of Korean Forest Society 99(4): 638-644.

Kim, W.B. 1995. Crop cultivation - Protected cultivation situa-
tion and technique of wild vegetble. Korean Research
Society for Protected Horticulture 8(1): 71-80.

Kriedemann, P.E., Loveys, B.R., Possingham, J.V., and Satoh,
M. 1976. Sink effects on stomatal physiology and photosyn-
thesis. In : Transport and transfer processes in plants. Pro-
ceedings of a Symposium 1975. Academic Press. pp. 401-
414.

Lee, J.H., Park, A.R., Choi, D.W,, Kim, J.D., Kim, J.C., Ahn,
J.H., Lee, HY., Choe, M., Choi, K.P., Shin, I.C., and
Park, H.J. 2011. Analysis of chemical compositions and elec-
tron-donating ability of 4 Korean wild sannamuls. Korean
Journal of Medicinal Crop Science 19(2): 111-116.

Lee, K.C., Lee, H.B., Park, W.G, and Han, S.S. 2012. Physio-
logical response and growth performance of Parasenecio fir-
mus under different shading treatments. Korean Journal of
Agricultural and Forest Meteorology 14(2): 79-88.

Loach, K. 1970. Shade tolerance in tree seedlings II. Growth
analysis of plants raised under artificial shade. New Phy-
tol 69(2): 273-286.

Marini, R.P. and Barden, J.A. 1982. Light penetration on
overcast and clear days, and specific leaf weight in apple
tress as affected by summer of dormant pruning. Journal
American Society for Horticultural Science 107(1): 39-43.

Nam, Y.K. and Baik, J.A. 2005. Status of Research and Pos-
sibility of Development about Endemic Wild Vegetables
in Korea. Journal of Korean Society People, Plants, Envi-
ronment §(1):1-10.

Park, H.J., Nugroho, A., Lee, J.H., Kim, J.D., Kim, W.B.,
Lee, K.R., and Choi, J.S. 2009. HPLC analysis of caf-
feoylquinic acids in the extract of Cacalia firma and per-
oxynitrite scavenging effect. Korean Journal of Pharmacognosy
40(4): 365-369.

Park, J.M., Kang, J.H., and Kim, M.B. 2004. Growth and
yield of Atractylodes japonica Koidz. affected by shad-
ing and flower bud pinching. Korean Journal of Medici-
nal Crop Science 12(3): 231-236.

Park, W.G.,, Kim, Y.S., Lee, H.B., Kim, Y.S., Kim, N.J., and
Kim, N.Y. 2010. Seed characteristics of Parasenecio fir-



an

g a)e) ol whe WEe] 871 ot 2 27184 54 555

mus Kom. and its growth comparison among forest
stands. Journal of Forest Science 26(3): 219-223.

Salisbury, F.B. and Ross, C.W. 1992. Plant physiology, 4th
ed. Wadsworth Publishing Company, Belmont, USA. pp.
257.

Schopmeyer, C.S. 1974. Seeds of Woody Plants in the United
States. USDA Agriculture. Handbook. No. 450. Forest
Service USDA. Washington D.C. pp. 883.

Strothmann, R.O. 1967. The influence of light and moisture
on the growth of red pine seedlings in Minnesota. Forest
Science 13: 182-191.

Wang, M.B. and Zhang, Q. 2009. Issues in using the Win-

RHIZO system to determine physical characteristics of plant
fine roots. Acta Ecologica Sinica 29(2): 136-138.

Yoon, J., Jeon, K., Song, K., Kim, C. and Lee, D. 2013.
Early growth and physiological characteristics of Para-
senecio firmus by shading conditions in forest farming,
Journal of Medicinal Plant and Natural Product Research 79:
1236-1236.

Zhao, Y. and Zhao, J. 2006. Advances incaffeoylquinic acid
research. Zhonguo Zhongyao Zazhi 31: 869-874.

(20144 64 19 A 20144 8Y 20 A=)



