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Effect of Shading Level on Growth and Morphological
Characteristics of Ligularia fischeri Seedling

Ki Seon Song', Kwon Seok Jeon'*, Chang Hwan Kim',
Jun Hyuck Yoon', Yong Bae Park', and Jong Jin Kim?

ISouthern Forest Resources Research Center. Korea Forest Research Institute,
672 Jinju-dearo, Jinju-si, Gyungnam 660-300, Korea
’Department of Environmental Design, Konkuk University, Seoul 143-701, Korea

Abstract. This study was carried out to survey the early growth characteristics of Ligularia fischeri, plants of half-
shaded grounds, primarily used as functional wild edible greens and examine its shading treatment to transplant seed-
ling. The shading treatment was regulated with the shading level(full sunlight, 35%, 50%, 75%, and 95% of full sun-
light). According to the experiment, the height was the highest under 75% of shading (17.3 cm), and root diameter
was the highest under full sunlight (2.13 mm). It was found that fresh weight (leaf, shoot, root and whole) was the
highest (1.784 g, 1.330 g, 0.791 g, 3.905 g respectively ) under 50% of shading. In case of dry weight, leaf, shoot and
whole dry weight were surveyed the highest under 35% of shading, and root dry weight was the highest under full
sunlight. It was found that S/R ratio and moisture contents (leaf, shoot, root and whole) were the highest under 95%
of shading. Leaf area was the highest under 50% of shading (39.3 cm?) and the higher shading level, the higher SLA
and LAR. It was surveyed that the higher shading level, the thinner leaf thickness. In case of root characteristics, it
was showed that the relatively high height growth under 35%~75% of shading, excepting 95% of shading. As a
result of surveying the whole experiment, it is concluded that the early growth of L. fischeri is more effective in pro-
ducing it under 50% of shading.
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Table 1. Growth characteristics of L. fischeri seedlings grown
under different shading levels.

Shading (%) Height (cm) Root diameter (mm) Root length (cm)

0 10.142.2% 2.13+0.68a 7.0£2.0b
35 14.3+1.7b 1.19+0.40b 12.31.1a
50 16.8+1.6a 1.26+0.19b 13.6+3.0a
75 17.3+1.8a 1.59+0.18b 11.5+1.4a
95 10.6+0.7¢ 1.61£0.48b 5.4+1.2b

“Mean=SD. Different letters in each column indicate significant
differences according to Duncan’s multiple range test(p = 0.05).

Table 2. Fresh and dry weight, and S/R ration of L. fischeri seedlings grown under different shading levels.

Shading Leaves (g) Shoot (g) Root (g) Total (g) S(L+S)R
(%) FW? DW’ FW DW FW DW FW DW ratio

0 1.425+0.311*a0.19540.040b 0.694+0.148b 0.110+0.034c  0.662+0.149ab 0.161+0.045a 2.780+0.486b 0.466+0.089ab 2.0+0.6b

35  1.64340.238a 0.325+0.109a 1.119+0.162a 0.214+0.059a 0.489+0.154b 0.075+0.026¢ 3.252+0.321ab 0.614+0.146a  8.4+5.6b

50  1.784+0.647a 0.23440.095b 1.330+0.464a 0.196+0.063ab 0.791+0.316a 0.117+0.043b 3.905+1.356a 0.547+0.187a 3.9+1.1b

75 1.458+0.414a 0.175+0.042b 1.167+0.312a 0.136+0.067bc 0.591+0.188ab 0.058+0.030c 3.215+0.832ab 0.369+0.107b  7.2+4.4b
95 0.738+0.145b 0.053+0.011c¢ 0.563+0.106b 0.032+0.005d 0.117+0.060c 0.008+0.005d 1.417+0.286¢c 0.092+0.015¢ 17.7+14.2a

“Fresh weight. YDry weight. *Mean+SD(n = 6). Different letters in each column indicate significant differences according to Duncan’s

multiple range test(p = 0.05).
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Fig. 1. Moisture contents of L. fischeri seedlings grown under
different shading levels. Different letters in each organ indicate
significant differences according to Duncan’s multiple range
test(p = 0.05). Bars indicate SD.
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Fig. 2. LWR(Leaf dry weight ratio), SWR(Shoot dry weight
ratio) and RWR(Root dry weight ratio) of L. fischeri seedlings
grown under different shading levels. Different letters in each
organ indicate significant differences according to Duncan's
multiple range test(p = 0.05). Bars indicate SD.
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Table 3. Leaf morphological characteristics of L. fischeri seedlings grown under different shading levels.

Shading Leaf area  Leaf length Leaf width Leaf index SLA LAR Leaf thickness No.
(%) (cm?) (L, cm) (W, cm) (L/W) (em*g™) (em*g™) (mm) of leaves
0 32.249.0a 6.5+0.9b 7.0+0.9a 0.93+£0.06b  163.6+17.5cd  69.1£13.6c  0.21+0.02a 2.7+0.5b
35 37.3+5.9a 7.1+0.8b 7.9+0.7a 0.90+0.09b  123.4+35.5d  63.4+16.5c  0.18+0.02b 3.2+0.4b
50 39.3£13.9a  7.5+1.1ab 8.3+1.6a 0.90+0.11b  174.1+£24.7bc  72.7+ 8.0c 0.18+0.03b 3.2+1.0b
75 37.1+154a 84+l1.5a 7.5+1.3a 1.15£0.30a  212.9+62.6b  106.2+40.7b  0.17+0.02bc  3.0+0.6b
95 14.7£2.5b  4.4+0.4c 5.0+0.5b 0.87+0.04b  283.0+26.2a  161.2+13.2a  0.15+0.01c 4.5+0.5a

“Mean+SD(n = 6). Different letters in each column indicate significant differences according to Duncan’s multiple range test(p = 0.05).

(Full sunlight) (35% shading)

(50% shading)

(75% shading) (95% shading)

Fig. 3. Root images of L. fischeri seedlings grown under different shading levels.
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Table 4. Root morphological traits of L. fischeri seedlings grown under different shading levels.

Shading (%)

Total root length (cm) Root project area (cm?) Root surface area (cm?) Root diameter (mm)

Root volume (cm?)

0 1090.6+ 94.1%a 36.9+3.1a
35 619.4+ 56.9b 19.9+2 3¢
50 854.8+ 61.1a 27.5+3.2ab
75 825.4+123.6ab 25.5+4.0bc
95 152.8+ 39.6¢ 5.2+1.4d

115.8+9.6a 0.34+0.02a 0.98+0.12a
62.5+ 7.1c 0.32+0.01ab 0.50+0.07¢
86.5+10.1ab 0.32+0.02ab 0.70+0.12ab
80.0+12.5bc 0.31£0.01b 0.62+0.11bc
16.2+ 4.3d 0.34+0.01ab 0.14+0.04d

“Mean+SD(n = 6). Different letters in each column indicate significant differences according to Duncan's multiple range test(p = 0.05).

Table 5. Percentage total root length by different root diameter
classes of L. fischeri seedlings grown under different shading
levels.

Shading Root diameter classes (mm)

(%) <01 0.1-02 02-03 03-04 04-0.5 0.5-0.6 0.6<
Percentage of total root length

0 3.1 253 355 229 42 39 51

35 22 353 355 164 3.1 3.1 45

50 1.3 342 347 187 3.8 3.3 3.9

75 1.8 382 349 160 3.2 29 3.0

95 30 230 389 222 3.3 5.3 43
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FollA Mliige] o £& Fo= Yehdth B ¥4
e FTHHoE AR, FFHe AT 50% 2FFA]
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AU Aog ok

FFA : WA, B4k, A5, A Y, Pl



%‘7]}1\_';8 =0t}

Literature Cited

Ahn. M.H., J.H. Kim, J.L. Kim, and S.J. Choi. 2002. Develop-
ment of high quality production technology (Research
Project). p. 1-7. (in Korean)

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

Boardman, N.K. 1977. Comparative photosynthesis of sun and
shade plants. Annual Review of Plant Physiology. 28:355-
377.

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

Choi, E.M., Y. Ding, H.T. Nguyen, S.H. Park, and Y.H. Kim.
2007. Antioxidant activity of Gomchi(Ligularia fischeri)
leaves. Food Science and Biotechnology. 16(5):710-714.

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

Ha, J.B., C.S. Lim, H.Y. Kang, Y.S. Kang, S.J. Hwang, H.S.
Mun, and C.G. An. 2012. Effect of shading methods on
growth and fruit quality of paprika in summer season. Jour-
nal of Bio-Environment Control. 21(4):419-427. (in Korean)

Hong, J.K., S.S. Ham, C.H. Park, K.J. Chang, and W.B. Kim.
1999. Wild edible greens production and using. JS Press p.
80-86. (in Korean)

Hwang, B.Y., J.H. Lee, T.H. Koo, H.S. Kim, Y.S. Hong, J.S.
Ro, K.S. Lee, and J.J. Lee. 2002. Furanoligularenone, an ere-
mophilane from Ligularia fischeri, inhibits the LPS-induced
production of nitric oxide and prostaglandin E2 in macroph-
age RAW264.7 cells. Planta Medica. 68(2):101-105.

Kim, GN., M.S. Cho, and K.W. Kwon. 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. (in Korean)

Kim, GT. 2003. A study on the growth, photosynthetic rate
and chlorophyll contents of Ligularia fischeri by the grow-
ing sites. Journal of Korean Forest Society. 92(4):374-379.
(in Korean)

Kim, GT. 2008. A comparison of photosynthetic characteris-
tics of three Ligularia species under-tree cultivation. Korean
Journal of plant resources. 21(5):357-361. (in Korean)

Kim, J.J., KJ. Lee, K.S. Song, Y.G. Cha, Y.S. Chung, J.H. Lee
and T.S. Yoon. 2010b. Exploration of optimum container for
production of Larix leptolepsis container seedlings. Journal
of Korean Forest Society. 99(4):638-644. (in Korean)

Lee, K.C., H.B. Lee, W.G. Park, and S.S. Han. 2012. Physio-

94

A4 . 7133l .

6_:1[ . HL_Q_HH . 71%;8

o

logical response and growth performance of Parasenecio
firmus under different shading treatments. Korean Journal of
Agricultural and Forest Meteorology. 14(2):79-88. (in
Korean)

Lee, K.J. 1993. Tree Physiology. SNU Press. p. 109-130. (in
Korean)

Lee, K.T., S.J. Koo, S.H. Jung, J. Cho, H.J. Jung, and H.J.
Park. 2002. Structure of three new terpenoids, spiciformi-
sins a and b, and monocyclosqualene, isolated form the
herbs of Ligularia fischeri var. spiciformis and cytotoxicity.
Archives of Pharmacal Research. 25(6):820-823.

Lee, S.Y., H.J. Kim, J.H. Bae, J.S. Shin, and S.W. Lee. 2007.
Effect of shading on shoot growth and quality of Sedum sar-
mentosum in Korea. Journal of Bio-Environment Control.
16(4):388-394. (in Korean)

Marini, R.P. and J.A. Barden. 1982. Light penetration on over-
cast 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.

Na, Y., J.H. Kim, K.S. Sim, B.C. Lee, and H.B. Pyo. 2006.
Effects of antioxidation and inhibiton of matrix metallopro-
teinase-1 form Ligularia fischeri. Journal of The Society of
Cosmetic Scientists of Korea. 32(3):129-134. (in Korean)

Park, B.M. and J.H. Bae. 2012. Effect of shading levels on the
growth and chlorophyll contents of Allium victorialis L. var.
platyphyllum Makino. Journal of Bio-Environment Control.
21(3):281-285. (in Korean)

Park, B.M., C.H. Kim, J.H. Bae, and J.R. Shin. 2011. Effect of
shading levels on the soil properties, growth characteristics,
and chlorophyll contents of Ligularia stenocephala. Journal
of Bio-Environment Control. 20(4):352-356. (in Korean)

Park, H.J. and M.Y. Choi. 2007. Antinocicepetive effects of
3,4-Dicaffeoyl Quinic acid of Ligularia fischeri var. spici-
formis. Korean Journal of Plant Resources. 20(3):221-225.

Park, S.B., M.J. Kim, Y.M. Park, S.I. Hwang, and E.G. Kim.
2012. Profitability analysis for Ligularia fischeri forest
farming. Journal of Korean Forest Society. 101(3):426-433.
(in Korean)

Reich, P.B., M.G. Tjoelker, M.B. Walters, D.W. Vanderklein,
and C. Buschena. 1998. Close association of RGR, leaf and
root morphology, seed mass and shade tolerance in seed-
lings of nine boreal tree species grown in high and low
light. Functional Ecology. 12:327-338.

Reynolds, H.L. and C.D. Antonio. 1996. The ecological sig-
nificance of plasticity in root weight ratio in response to
nitrogen: Opinion. Plant and Soil 185: 75-97.

Wang, M.B. and Q. Zhang. 2009. Issues in using the Win-
RHIZO system to determine physical characteristics of plant
fine roots. Acta Ecologica Sinica. 29(2):136-138.

Protected Horticulture and Plant Factory, Vol. 23, No. 2, 2014



