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Comparison of Growth and Leaf Characteristics of Parasenecio firmus
by Different Relative Light Intensity in Forest Farming
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ABTSRACT : This study was carried out to produce more Parasenecio firmus in forest farming. In order to achieve this
purpose, it was surveyed the growth and photosynthetic characteristics of P. firmus. Relatively light intensity was controlled
by 100%, 60%, 30% and 5% of full sunlight. Height was the highest under 5% of full sunlight. Shoot diameter was the high-
est in full sunlight. Fresh weight (leaf, stem, root and total) and dry weight (leaf, root and total) were the highest under 30%
of full sunlight. S (leaf + stem)/R (root) ratio was the lowest under 30% of full sunlight and the highest under 5% of full sun-
light. In leaf characteristics, leaf area, SLA and LAR were getting higher in the lower light level and the highest under 5% of
full sunlight (176.1 ctf, 420.5 cuf - g ' and 123.5 c’ - g ). Especially, leaf area was surveyed higher under 30% of full sunlight
in the next. Leaf thickness was getting lower in the lower light level and the lowest under 5% of full sunlight (overall
0.14 ~ 0.24 mm). As a result of surveying the whole experiment, P. firmus grows well under 30% and 5% of full sunlight in

forest farming.
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o] &3l= Zo] tlF-Eeltt (Nam and Baik, 2005). $-2|v}2}

= AE oA AR o]fo] ThEdh AES
oF 4801F 2R 218 200%, °oF& A& HE 280FCE
FELL dom, 2 Foll 7]sAo] FaL AFA TEI7E = 4
B2 ¢F 9009F AH=olt} (Suh, 2011). WER (Parasenecio
Sirmusy 212 Ak &£&oA Ak thdzx24 Eo|7t 12m
o] AlZZEo] Qlrk. WM =& e GAFI A e
2 Aol A o] 35~100cmolth o] FHLE ZAlo)
3 "ol glon e Asksdozx aEwoe] 9o, W 9

A )

'Corresponding author: (Phone) +82-55-760-5031

TR FEES 1T, &Y, ol HES, Rls), &
ATWSHIA 59 7eH &3E Ad Aoz HIFHUH
(Lee et al, 2011a, b, c¢; Park et al, 2009; Zhao and

Zhao, 2006). 2|3 FFOE, HA FFAEE o]&ET|=
SHAE WIS Al LRI AFe R Z|gEAL ot

ShA, ARl WERe AR dist A ot §
oA sl Ea ot Aol Ale] 2 AE A
ol et e HEEo] Arda g HRHY e
AAolt} (Jin and Ahn, 2010; Lee and Han, 2012; Lee et
al., 2012a). 3ol 2P| ] BT B vk oz} 7154 Ak
Q1 W3R aAl AZANME SEiA BEe] Ay)E
N 5ol ookt A7F Xgd Jart Sl
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I - T - BEE - LEE - ek - 2B
el B Apos 22 AAda)Hd oEsis Wz - S/R ratio = Shoot (leaf + stem)
ARS SfaaA QAN ASE R AR dry weightRoot dry weight
H A A 9 5AS Ak A s E e 9 - LWR (g-g")=Leaf dry weight/Total dry weight
ZEERA] W Ak ARS8 722 E 385 Y8 5 - SWR (g g')=Shoot dry weight/Total dry weight
35t} - RWR (g-g)=Root dry weight/Total dry weight
Mz S uiy gl s G 548 EAslaa AgEA)
AA] & Fo8 9Hd 471 Portable Area Meter (LI-
1. A= 3000C, LI-COR, Inc., Lincoln, Nebraska, US)E ©]&35}]
2 Agd o]lg® AES HWIER (Parasenecio firmus FHEe =45 en, 5= Digimatic Caliper (Mitutoyo

(Kom.) Y. L. Chen)®& 2011 1099 ZL% 3}xox A
A 19 BES Fst] d7bAuRle] xpgal el o] 4
T 2d Bk A ek

2. 2UZIXIo] USRS 2 X e
APe FPHYILY FRARALDTE LokFY

7wl Al Aol
Table 13} 2t} ¢

Fatlom, AF= 9

o] B9k 318Hde pH 447, F71E
S 2.78%, A TFF 0.11%, Faglsk = 1.09 ppm
2 A71218k8e] 15.70 emol” - kg oL

]?‘sﬂ;ﬂ E;g%

A
A

QA o AR E S AR o] F
Fe S, ANPES AP QA gEe) A

zZ7), Aol oF 60%, 30% 2 5%= ZHzt 2Este] A
ek 2T FEE 20139 69 39 He o

FE=A(LI-250 Light meter, LI-COR, Inc., Lincoln,
Nebraska, USAYE ©]-&3st] 7+ ZgAig]+ U oAl A-e
238l HAS FIoM, 22 3543 umol - m? - s (A3,
212.7 pmol - m?+ s (3] °F 60%), 101.2 umol - m™

(A322] oF 30%), 8 umol - m2-s7 (F33<] °F 5%)2 YEliTh

3. MSEM TA}

2013 6¥ 3Yol HoiE=
AFE sl 2%, =714
B 77 Zelsto TH%E s
< Drying Oven (DS-80-5, Dasol Sc1er1t1ﬁc Co. Ltd,
Hwaseong, Korea)ollA] 105CZ 72417+ 7

3 1eiAE deE 48 =

A8t B8, ges Feiien, Addded kﬂ%”«]
AFEALS B23517] 98 SR ratio (Leaf + shoot/root ratio),
LWR (Leaf dry weight ratio), SWR (Shoot dry weight
ratio), RWR (Root dry weight ratio)S —-}iT}.

Table 1. General characteristics of the experimental site.

Altitude (m)
50 ~ 75

Aspect
N

Slope (°)
5~14

Growing stock (m’/ha)
123.9
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Co., Kanagawa, Japan)g 0|83t Al
S AHESY Y TS L/W ratio (Leaf length/Leaf width),
SLA (Specific leaf area), LAR (Leaf area ratio)2 o}l
21 o]&std ekt

]XJ_O_ zx% 6 ﬁﬂ-‘,}ﬂ-

+ L/W ratio = Leaf length/Leaf width
- SLA (cii - g7') = Leaf area/Leaf dry weight
- LAR (cii - g™') = Leaf area/Total dry weight

4. SAl Azl

W3] AdEE S78A]o) gk 242 SPSS version
205 o]g-sto] At %_'Jii (ANOVAYS AAJsI8it) BAIx o=
Z}o]7}F §-21%F 749 Duncan’s Multiple Range Test (DMRT)
£ AAste] Bkt
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bl

A o 3
1. S3EYE WEHo| My 5

& AN B ARE 8o ol8s] Wi
of |A 233 271878S ARG 23 s 5%
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Table 2. Effects of relative light intensity on height, shoot diameter and main root length growth of Parasenecio firmus.

Relative light intensity (%) Height (cm) Shoot diameter (mm) Main root length (cm)
100 15.7 + 2.4a 4.85 £ 1.16a 27.5 + 8.8%*a*
60 13.4£1.5b 4.34 + 0.54a 33.1+12.9a
30 16.1 £ 1.9a 4.38 £0.38a 30.4 £ 3.6a
5 17.2+£1.9a 3.48 £ 0.82b 24.1 £ 2.8a

*Different letters in each column indicate significant differences according to DMRT (p < 0.05). **Mean £ SD (n = 16).

Table 3. Effects of relative light intensity on fresh weight and dry weight of Parasenecio firmus.

RTilgkt::e Leaf Shoot Root Total SIL+9
intensity Fresh Dry Fresh Dry Fresh Dry Fresh Dry / R

(%) Weight Weight Weight Weight Weight Weight Weight Weight ratio

100 2.40+0.97a 0.57 £0.32a 1.00 + 0.45a 0.19+0.14a 6.89 £0.36a 1.52+0.47ab 10.28 + 1.73ab 2.28+ 0.92ab 0.47 £ 0.13**ab*

60 2.03+0.22a 0.50+0.07a 1.07 £0.09a 0.22+0.03a
30 3.00+0.14a 0.67 £0.13a 1.15 £ 0.64a 0.21 £0.14a
5 2.33+£049a 043 £0.11a 1.12£0.16a 0.14 £ 0.02a

7.64£1.92a 1.73 £ 0.63ab 10.74 + 2.19ab 2.45+0.70ab 0.45 +0.12b
9.17 £2.47a 2.25+0.52a
3.83 £0.46b 0.86 +0.13b

13.33+£3.13a 3.13+0.73a 0.40£0.10b
7.27 £0.48b 1.43+0.26b 0.65 + 0.06a

*Different letters in each column indicate significant differences according to DMRT (p < 0.05). **Mean = SD (n = 16).

F Ay (A7 2 35%, 55%, 75% 2FE)ste] A3 749,

G A5 AL BE 2RF AEellie xRFEC] =of
ALE 2o AWAS Hole Zo7 HIEY (Park et al,
2004) & AP FARE AFE BATE Q) IS (Hong
et al., 2006} WL (Yoo er al, 2013)% Fx7d| wet
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E‘l‘ 516]- 1\20] ].o]‘— A@x}oﬂ = oﬂzs];_ U] ]‘_ 7.]__; _,4,1;],
c}.
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Effects of light controls on moisture contents of
Parasenecio firmus. Bars indicate mean +SD
(n = 16). Different letters in each element
indicate significant differences according to DMRT
(p < 0.05).
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Fig. 2. Effects of light controls on LWR, SWR and RWR
of Parasenecio firmus. Bars indicate mean +SD
(n = 16). Different letters in each element
indicate significant differences according to
DMRT (p < 0.05).

2700 FijH s w2 e Bl Zos yet &
A, 47 27l FHEE 60%M4 7P W2 g B
A
[e]

o, W= AET 30%NA4 7FE e drgS Btk
(Fig. 1).

F, 8, o 59 A Ut A& H-g HESolA
AAGES HUZE 71918 A=k (Reynolds and Antonio,
1996)0. = F3Hdel ofsl] Arkel= =] ) vl&l |7
ZH] (Leaf dry weight ratio), A4 7AZF4H] (Shoot dry
weight ratio), 2221 45H] (Root dry weight ratioys z}2t %
Abataie.

53], do TR AFHS Jeplie W3Ee 9159
(LWR)2] 7% dAFoZE 0.21~0.302] HAGoH A4
T 5%0lA 03002 fol/dS Hol 7P A YERITE A
FREAFH (SWRyE 22 TollA 0.07~0.109] HS
Holw, Jthge 5%l 0.1002 7P Eghor) Ha iy
RWR)E = 5% Fe|Ho=m 7P WA velst

=
2=

PAPNC
=r=]

i

- HIRHY - 2=
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(Fig. 2). o124 AHZE 5%0A F7AZFH (LWR)E =4,
B AEH RWRE B vYebd A2 A= 5% A2+
oA FFo] F=53E WFge] e KBt 9o A4S FXIA
Z7] gEog wcten)

3, Lee 5 (20122)& LWRO] 3ol 7H¢ =& A
o2 HIsl] B A 5U AHE e Loach
(1970y= 2R3 LWRS] A= 7350 e Ao/t &
T B USRI dubE o7 xpgpto] ol dREE LWR
T EolAle Aoz UA Ut (Choi ef al, 2002;
Cornelissen, 1992; Walters et al., 1993).
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oz dtEnh FAFH] (LWRYH e 5%ellA =
< @S Bl Ade} BoEE sos e

A AFE 30%04 184cm 2 7PF Zlo RE A
oA frolde HolA| gith JEL JEE 30%004
209cm 2 7P E=kom I thee AEE 5%elA E=2
Ao yehdth f4HA, 974, 9F2 2F AR E 60%
A TellA 7P Bekom L/we AAolA 0.82~0.928
77 frolde Bolx] skt dH, B2 AER wre,
o|FY| &, M B 300 U HE Hup o] 2
Ao WIFo] (Kim ef al, 2014) ¥ A= v 2z
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Table 4. Leaf morphological characteristics of Parasenecio firmus by light controls.

Relative light Leaf area Leaf length Leaf width Leaf aspect SLA LAR Leaf
intensity (%) (cm) (cm) (cm) ratio (L/W) (et g™ (cnf + g™ thickness (mm)
100 124.2+38.0bc  16.7 +3.5a 19.0+3.6ab  0.88+0.11a 235.0%£48.5b 559+6.1Tb  0.24 £0.03**a*
60 111.7£11.1c 15.9 £3.6a 17.2+£2.7b 092+0.09a 2246%175b 475+88b 0.19+0.04b
30 166.3+18.8ab  18.4+5.5a 20.9 +2.6a 0.86£0.18a 249.6£26.7b  54.2+8.6b  0.19£0.02b
5 176.1£27.1a 16.4 +4.7a 19.8+2.4ab 0.82£0.16a 420.5%£48.0a 123.5+39a 0.14£0.02c

*Different letters in each column indicate significant differences according to DMRT (p < 0.05). **Mean + SD (n = 16).

298



Ay

(leaf area ratioy> & AFC] FHFE 5% A2|FolA 747}
4205 cif - 19} 1235 i - 12 7 =T) EE, A% A

T2 A A AP E F
(LAR)S #30] 42855 fojsoz
AR WEe] Y=
ALt 7 & 8HAE 7K A2 YEITE (Table 4).
AR 7ol AAH 2= 0.14~024mn o] HLE B
on 2% ZAGNA g AL AOR UEhkom (Marini
and Barden, 1982; Salisbury and Ross, 1992), “Jtiq=
5%°014 7P gk Zlo® vehd guAH] (SLAGE H&

A (SLAH AHAE
oA IS
5% oA 7FE gk AT

~ A\

= A3E Hole ZoE YT

olFA BWFFe] o] HHFE 30%2 5%NA =
ARE Bl AL 1 AEo] a7ele ¥ S T4 ] 7]
(Kim et al, 2010; Lee et al, 2012a) W&o = IATtHT)

B A% AE 3teh, HERY] A= AtEE 30%
q. 5%01]/\1 A=k 010] nqx—lo] ’\H:H;G_E ok3 3l AAS
Holo], A ES ok Aol £ Ao Az, uet
A BE A A s 30% 1oP~ FAISRE Zlo] ALt

g oheh H7oE $2 Ao= BerE,
REFERENCES

Choi JH, Kwon KW and Chung JC. (2002). Effect of artificial
shade treatment on the growth and biomass production of
several deciduous tree species. Journal of Korea Forestry
Energy. 21:65-75.

Cornelissen JHC. (1992). Seasonal and year to year variation in
performance of Gordonia acuminata seedlings in different light
environments. Canadian Journal of Botany. 70:2405-2414.

Hiroki S and Ichino K. (1998). Comparison of growth habits
under various light conditions between two climax species,
Castanopsis sieboldii and Castanopsis cuspidata, with
special reference to their shade tolerance. Ecological Research.
13:65-72.

Hong DO, Lee CW, Kim HY, Kang JH, Ryu YS and Shin SC.
(2006). Shading effect on growth and flowering of Orostachys
Jjaponicus A. Berger. Korean Journal of Medicinal Crop
Science. 14:239-243.

Jin YH and Ahn YH. (2010). Comparison of ecological
characteristics of Parasenecio firmus population in Korea and
China. Journal of the Environmental Sciences. 19:197-207.

Kim GN, Cho MS and Kwon KW. (2010). 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.
99:68-74.

Kim JJ. (2000). Studies on optimum shading for seedling
cultivation of Cornus controversa and C. walteri. Journal of
Korean Forest Society. 89:591-597.

Kim MJ, Kim 1J, Choi SY, Han DH, Kim YH, Lim SC, Kim
TJ, Nam SY, Song BH, Oh BU and Park CG. (2014).

299

HEMC| SN 54 dHln

Comparison of Cynanchum wilfordii, C. auriculatum,
Metaplexis  japonica and  Polygonum  multiflorum by
morphological characters. Korean Journal of Medicinal Crop
Science. 22:113-120.

Kuroiwa S, Horoi T, Takada K and Monsi M. (1964).
Distribution ratio of net photosynthate to photosynthetic and
non photosynthetic systems in shade plants. Botanical
Magazine. Tokyo, Japan. 77:37-42.

Lee SE, Lee JH, Kim JK, Kim GS, Kim YO, Soe JS, Choi JH,
Lee ES, Noh HJ and Kim SY. (2011a). Anti-inflammatory
activity of medicinal plant extracts. Korean Journal of
Medicinal Crop Science. 19:217-226.

Lee JH, Lee BG, Park AR, Lee KJ, Choi DW, Han SH, Choi
GP, Kim JD, Kim JC, Ahn JH, Lee HY, Shin IC and Park
HJ. (2011b). In vitro antioxidant potential and oxidative DNA
damage protecting activity of the ethanol extracts of Cacalia
firma Komar. Journal of Applied Biological Chemistry.
54:258-264.

Lee JH, Park AR, Choi DW, Kim JD, Kim JC, Ahn JH, Lee
HY, Choe M, Choi KP, Shin IC and Park HJ. (2011c).
Analysis of chemical compositions and electron-donating ability
of 4 Korean sild sannamuls. Korean Journal of Medicinal Crop
Science. 19:111-116.

Lee KC and Han SS. (2012). Evaluation of drought tolerance of
Pleurospermum camtschaticum, Cirsium setidens and Parasenecio
Sfirmus obtained from pressure-volume curves. Korean Journal of
Medicinal Crop Science. 20:36-41.

Lee KC, Lee HB, Park WG and Han SS. (2012a). Pysiological
response and growth performance of Parasenecio firmus under
different shading treatments. Korean Journal of Agricultural and
Forest Meteorology. 14:79-89.

Lee KC, Noh HS, Kim JW, Ahn SY and Han SS. (2012b).
Changes of characteristics related to photosynthesis in Synurus
deltoides under different shading treatments. Korean Journal of
Medicinal Crop Science. 20:320-330.

Lee TB. (2003). Coloured flora of Korea(Vol. 2). Hyangmunsa.
Seoul, Korea. p.1-910.

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

Marini RP and Barden JA. (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. 107:39-43.

Nam YK and Baik JA. (2005). Status of research and possibility
of development about endemic wild vegetables in Korea.
Journal of Korean Society for People, Plants and Environment.
8:1-10.

Park HJ, Agung N, Lee JH, Kim JD, Kim WB, Lee KR and
Choi JS. (2009). HPLC analysis of caffeoylquinic acids in the
extract of Cacalia firma and peroxynitrite scavenging effect.
Korean Journal of Pharmacognosy. 40:365-369.

Park JM, Kang JH and Kim MB. (2004). Growth and yield of
Atractylodes japonica Koidz. affected by shading and flower
bud pinching. Korean Journal of Medicinal Crop Science.
12:231-236.

Reynolds HL and Antonio CD. (1996). The ecological significance



1M - TN - BFH

of plasticity in root weight ratio in response to nitrogen: Opinion.
Plant and Soil. 185:75-97.

Salisbury FB and Ross CW. (1992). Plant physiology(4th ed.).
Wadsworth Publishing Company. Belmont. California, USA.
p.1-257.

Song KS, Jeon KS, Yoon JH, Kim CH, Park YB and Kim JJ.
(2014). Growth and root development characteristics of
Atractylodes  japonica seedlings by different relative light
intensity. Korean Journal of Medicinal Crop Science. 22:154-159.

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

Suh JT. (2011). Current status and future prospects of Korean wild

300

. 21X

i

- HIRHY - 2=

[==) 1o Ho -

vegetables industry. Korean Journal of Food Preservation. 10:3-8.

Yoo JH, Seong ES, Lee JG, Kim CJ, Choi JH, Lee GH, Hwang
IS, Hwang EB, Lim JD, Ahn YS, Park CB and Yu CY.
(2013). Comparison of the characteristics of seed germination
and the first stage of growth in Cynanchum wilfordii(Maxim.)
by different light conditions. Korean Journal of Medicinal Crop
Science. 21:329-333.

Walters MB, Kruger PB and Reich PB. (1993). Growth,
biomass distribution and CO, exchange of northern hardwood
seedlings in high and low light: Relationships with successional
status and shade tolerance. Oecologia. 94:7-16.

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



