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Growth and Photosynthetic Characteristics of Afractylodes japonica by Light
Controls and Leaf Mold Treatment in Forest Farming
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ABSTRACT : This study was carried out to determine the effects of light controls and leaf mold on root growth and physio-
logical responses of Atractylodes japonica growing in forest farming. The experiment was performed by light controls (100%,
62.5%, 40.3% and 19.7% of full sunlight) and application of leaf mold to soil. Height, stem diameter, number of flower buds
and root collar diameter were the highest in leaf mold within 62.5% of full sunlight (relative light intensity 62.5%). And
these were the higher in leaf mold within each light level. As the shading level increased, light saturation point and maxi-
mum photosynthesis rate decreased. As the light level decreased, SPAD value increased in control and leaf mold. As a result
of surveying the whole experiment, A. japonica was judged worse root growth under the lower light level. It was concluded
that the light level was one of the most important factors to produce A. japonica. Also, producing high-quality of A. japonica
with the price competitiveness by using leaf mold like the experiment can be an effective way to increase incomes for farmers.
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NoEE olg] Bk Fdt= Zlo] T} (Kwak ef al, 2011).

AF (Atractylodes japonica Koidz.)= %=°]7F 30~100 cm SEUEtollA] Afushe ke Q14 B, HF, Wk W
of @ah= thadx=A Bert Fal vitrt 9low, Hel= of sk, WX, A, 58, 9B E, &%, Aok, G, AR, A

$02 AL ofdl 22 LR o3It (Lee, 2006). ] 3, SMUE, LR, BY), AT 5 100045 ol=m, 45e] 7
o= 3] AFo GAPY A, ARLE, D4RE, o] ol el T2 R EEE FTHITIE BAARA

Hzgo] a, o] Blo| o=z, WArIFe] digh 2, &} F2 AYEL ATk (Kwak er al, 2011). o]FA &M=
2ol abg, g, e, $EAE T AR Al ARE A Sl AR AT 2 Avke) AES T
So) et 2, Fazhg 5o dEldgo] Uuk (Chae e oA thF st o] &H L At 53], A7t FUFS
al., 2007). Ak ZUE S8l vEe} o] v A= o] FF,
AFE el B B vwA AES AR Z e AR E AR EREE Aol
F2U5e 3L Hghs Aol Fom, BEXL AMHYE, st sHA, A AS 9 Sojel] Bk AT (Jang er al,
FAgE Badde = U AxsA o= JEs B 1996; Kim er al, 2001; Park et al, 2000, 2004a, b; Ryu e
wlo] 3 {718 o] B E4fol duith Emlol £ al, 1999; Song er al, 2014)7F T3] elEojghont QA7 o
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B dge] FARIEE A5 (drractylodes japonica Koidz.)

S A3 Aaslel 20149 52 2ol A
CATEE SEAEAE AR AT
A7 AR N AArER o, A= €]
Table 13 At} Al@A]9] 2=9 S 2
% =747] (HOBO U23-001, ONSET Co. Corp., Santa
Clara, California, USA)YE A2 HE 30cm =oldf] AdX|s}
of 2014d 5978 8d7HA AT (Fig. ).
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FS 35%, 50%, 75%2] 2§ (ArirangPocheon, Korea)

Table 1. Ceneral characteristics of the experimental site.

Growing stock
(m? - ha™)

123.9

Aspect Slope (°) Altitude (m)

N 5~14 50~ 75

w
o

/N

/

Temperature (C)
o S

—
o

May Jun. Jul. Aug.

SIAREO| (2 Aol MK 2 s EM

o] g3l] HFS T F 45507 59 2% 7 %
CFEE 20149 59 9Y Q%o 2o, Az
Bk 22F 706.5 pmol - m2s™ (2132, 441.8 pmol » m 27!
(35% 2%), 284.6 pmol - m2s7! (50% =<3, 139.5 pmol - ms7!
(75% 2F3) oAt AdEs 2+ 62.5% (35% =3,
403% (50% =2), 19.7% (75% XFHE Jepton, 3w
=72 Portable Photometer (LI-250 Light meter, LI-COR,
Inc., Lincoln, Nebraska, USA)YS AR&-sI31th.
THES AlFA dolld "99s dojuiar 2 A F sk
1 ni 3kgo2 Aaplon, ¥x8 EF Wzt 74
E AT =gty 548 HH, 717F pH 5.649F 435,
718 F 1.10%2F 5.33%, F&4 3 0.06%2F 0.28%,
FrEQIAE e 529 67.1mg-kg! 2 A7|X| G0l 4.249
342 cmol” - kglo 2 FAIE AT (Table 2).
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2ol FHEAAM ASE AFE 20149 99 19l A
g ITHAE e R 2%, 27187 § A E A
AlFh. AS %S Drying Oven (DS-80-5, Dasol Scientific
Co. Ltd, Hwaseong, Korea)ollX] 105CZ 72A|17F Ax & %
Tod, o, =7 ¢ BeE 77 st FeEE A6t
Ak Tk, zhzke] Aol whE A 548 EAs] bl
S/RE (Leaf + stem/root ratioyS -3}t
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el WE AT FIY WL 2 5] 2014
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Fig. 1. Changes of average temperature (C) and relative humidity (%) of the

experimental site.

Table 2. Characteristics of leaf mold used in this experiment.

Exch. cation (cmol*/kg)

Treatment pH OM. T-N Avail.P C.E.C. EC
(H,0) (%) (%) (mg/kg)  (cmol*/kg) K Ca Mg Na (dS/m)
Control 5.64 1.10 0.06 5.2 4.24 0.19 0.84 2.27 0.20 117
Leaf mold 4.35 5.33 0.28 67.1 3.42 0.35 0.91 1.19 0.17 7.51
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9 8 2690 Aol £ FYPE W Ao AAdg ds o
JOo = FulE 3 =471 (Portable Photosynthesis System,
LI-6400, LI-COR Inc., Lincoln, Nebraska, USA)S ©]&3&}o]
=431tk F %= PPFD (Photosynthetic Photon Flux Density)
=0, 100, 300, 600, 1000, 1500, 2000 pnol- m?s™¢] % 7
AR 283l 7+ AT e S4esleH, 33
=719 leaf chamberol] FY== &719] F7- 500umol - s,
Chamber £ 25C, CO, ¥ 400umol - o, Atj&Es
60 ~70%= ZAs9tt (Kim et al, 2001). ©]|2 o]&3f] 3-
3= (light response curve)yS ZHAJ5IIH.

w~

GEL P % 24 T % WEEFo] TP
Chlorophyll meter (SPAD-502, Konica Minolta Inc., Osaka,
Japan)E ©] &3t 109HEo 2 =HH3HY (Woo ef dal,
2004).

. SAEM

e Axk gl ik £4]2 SPSS ZZ 13 (version
20.0, Statistical Package for Social Science, Inc., Chicago,
IL, USA)S o8] A (ANOVAYS: AAlsiien, &
AFoZ zo]7t F2]3t 79~ Duncan’s Multiple Range Test
(DMRT)E A A]81HTH

o &
P
o
rlo
oy
=
o
bt
[}
[\
whn
N
O

62.5%2] F-E A
6.07mmZE 7P Fom 1 e A} AulEE 40.3%
o] RARNM #& Zog FALEITH (Table 3). 243 =
71A7dL BT AHEE 62.5%% 71H0R Fase] Ay
F= Folxle AFS e, ole FYEE FHge] 2=
stod Bkl AslEA7] wwe 2 vttt (Hiroki and
Ichino, 1998; Renuka et al., 2007; Yoo et al., 2013).

A Bl BF 2T 2hg BYEEAN 2Ze
1.1~139, 271873¢ 1.1~ 158 =& 434S B, o
et A¥e FYEZE g2+ B} §714, dda, faddit
9 ol 9539] =ob Ao Al S ] o
o2 AlEHLE B3t o]e Ay ElT (Kwon, 2005)
S Al Ol 2ot 9 + EE] &8 XE]ellA] Aol &
33k 2102 BuE R fARE AHEA ol Bl 714
H|5o] M7} A& 2 4SS fxsle 22 ¢ 5 Utk

PPN

. ZI=X|
[== =)

Ho -

i

=

259 g, AAForE AEE 62.5%2 F-AEN
Al 2 F7E 7P wekem, 7h 2R YoM et Ko 7
FENA B Zo2 ZAlEo] HYEA Fjdozm F2
AES Bl 24 9 27147 A3 5d3 H3dS B

sk, ekgo =2 o]8E&= 2 (Kim er al, 2012)¢F A71E
U= (Song et al., 2014y ZHzb 25% 23k 50% X3l A
APFRe] Aol 7P & AR HIuEE, # AP
M A xFsle] olgfdt ko= o] fE= AEER 4

o] z

8 = g WA, 2
JYL-L FrE, BESES A /152 K
B9l eFgoz olgIE drt. B
o] 4%e] Aol YelE kgow olgsl] mhize] e
B zastn & & Ao

AEE 62.5%2] FHEANA 9.32mm

o

N
> ¥ -d

18312 Aok, ol et o] A= At
40.3%0012] 2T 364 m=z 7 Hou BE A7k
oA zlol= Holx] ko™ (Table 4), Aot Z-o A)
Fo] 62.5% o4l 26.4~285mme} 184 ~199mm=E
olale] duEdolr] B} & ROz 2ARE ] F4<ol| Wk
T8 Aol ztolE Bl Ao YERT (Fig. 2).

g oRgele e 2¥UAA o] 25% ARdelA 7HE &
3L z2pgEo] EolRE Hadhs AAE Hole AoE By
HJom (Kim er al, 2012), A& Au A F712 H]5<]
ARgo] At S FA o= ZoE HilEo] (Kim ef
al, 1997) & Ao 459} Akt A BTk gl

Table 3. Height, stem diameter and number of flower buds of A.
japonica by relative light intensity and leaf mold

treatment.
R(Iellart:ve ioh Stem No. of
_ light Treatment Height diameter flower buds
intensity (cm) (m) (ea/plant)
(%) P
100 Control  285+5.6c 4.08+1.08b 1.9+ 1.0%bc**
Leaf mold 37.0+7.2abc 598+1.44a 3.5+1.0a
62.5 Control  38.6+4.2ab 5.29+1.53ab 3.8+1.9a
Leaf mold 41.6+9.6a 6.07+1.06a 4.4+20a
403 Control  34.5+7.1abc 492+1.61ab 1.2+0.4c
Leaf mold 37.8+8.1ab 5.98+1.28a 3.0+1.7ab
Control  31.0+89bc 4.88+1.59ab 1.3+0.7c
19.7 Leaf mold 36.1+5.9abc 5.84+0.80a 3.0+1.5ab
*Mean + SD.

**Different letters in each column indicate significant differences
according to DMRT (p < 0.05).
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Table 4. Morphological characteristics and dry weight of A. japonica root by relative light intensity and leaf mold treatment.

Relati\{e light Treatment Root collar - Bulb -
intensity (%) diameter (mm) H(elg)ht Lfng)th Vt/'dgh
mm mm mm
100 Control 5.43+0.91c 29.0+9.2a 27.8+6.3ab 19.5 £3.4%q%*
Leaf mold 9.04 +£2.60a 33.1+12.7a 28.5+9.6a 18.4 +£2.2abc
62.5 Control 8.67 £1.57ab 35.1+4.7a 26.4 t4.1abc 19.9+2.1a
’ Leaf mold 9.32+1.01a 31.9+7.3a 28.1+4.3ab 19.0 +2.0ab
403 Control 7.14+1.10b 36.4 +6.6a 19.7 £4.0c 16.0+1.8bc
’ Leaf mold 8.18 +1.32ab 29.4+4.9a 21.1 +£6.6bc 15.4+2.9c
Control 7.63 £1.90ab 27.8+8.9a 21.5 +6.7abc 16.5+3.3bc
197 Leaf mold 8.16 +1.13ab 29.0+5.4a 22.1+3.5abc 16.0£2.1bc
*Mean +SD.

**Different letters in each column indicate significant differences according to DMRT (p < 0.05).

Leaf mold (1009, 62.5%, 40.3%, 19.7% from left photo.)
Fig. 2. Pictures of A. japonica root by relative light intensity and leaf mold treatment.

Noh 5 (2003)> HATAZE FHE, $ELEEH], AR,
Wl AR 23zt Aelete] Apigk 23, FHE (2,000 kg/10a
9} 3,000 kg/10 a)ellA] ¥a] Zol7p 2L AL HQl Ao=
R7sle] B A3 gio] LHEs} ol A & o
Fe Rt Ae & T A, olE T8 FHE A7t

T MR
we) opxo] A& FYFUOIE EE B o2 AR
A}, 8, Qe BRoe} YR AiiHoR el
AENEH, o8 AR B $2 Xshie] A
R R R
2. P98 U A SRE

= 62 5%4 | Eoﬂ*ﬂ
EOM 1.60 go. 2 71
HAge] FHES} gzl

L

7P =Skt BeredEe A2

__L
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BT}t (Table 5).
Kim & (2010ay {A17<1
Jol 3 64~ 73%014 713
Ao Hste] & Ao 4bFe}
F2# (Lee et al, 2012)¢F= th&

sk, ¥ 715Ee] Aeels

= X—MZ]” AFE E?ictﬂ, o]
ZollA ASH u-r"ﬂ
HHEE SskEol 7‘*—8}2171
Ho} (Kim, 2000). £3], A4 A
GolHo R o AYFE 62. 5%4 % BEolM 7 =dTh
WG o]&3= AF (Kim ef al, 2001; Park et al,
2004a) BTt oz} ZFF (Kim ef al, 1998)7 A|E (Seong
et al., 1996)= ZE-08E AT u A} ko] Zrleh=
Zo® HiEoe 2

2 AZol
3 gpgo] ol dss Ao}

%’\Pﬁ‘ A= BAL

o

o=z

o

2= Z.o] 1)—0],70

Ao A= =3 et AstEe
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Table 5. Dry weight and S/R ratio of A. japonica seedlings by relative light intensity and leaf mold treatment.

Dry weight (g/plant)

Relati\{e light Treatment i S R
intensity (%) Flower Leaves Stem Bulb Fine Total ratio
buds roots
100 Control  0.84 £ 0.54bc 1.22+0.29bc 0.67 £0.52c 2.64+1.01a 0.45+0.22a 5.83 +2.00bcd 0.9 + 0.3%d**
Leaf mold 1.85+1.51ab 1.75+0.79ab 1.60+0.96a 2.86+1.28a 0.39+0.16ab 8.45+4.31ab 1.6 +0.5cd
625 Control  1.77+0.75ab 1.28 + 0.28bc  1.09 £ 0.76abc 2.21 + 0.64ab 0.32 + 0.05abc 6.66 + 2.03abc 1.7 £ 0.5cd
Leaf mold 2.53+1.26a 2.19+0.76a 1.39+0.45ab 2.29+0.67ab 0.33 +0.13abc 8.73 + 2.80a 2.4 +0.8ab
403 Control  0.68+0.29c 0.79+0.26c 0.72+0.29c 1.47+£0.41bc 0.30+ 0.16abc 3.95 + 1.24cd 1.2 £ 0.3cd
’ Leaf mold 1.07 £0.59bc 1.31+0.37bc 0.81 +£0.22bc 1.59+0.36bc 0.19+0.08c 4.97 +1.33cd 1.8 +0.7bc
Control  0.56+0.31c  0.74+0.33c  0.55+0.30c 1.34+037c 0.24+0.10bc 3.43 +1.16d 1.2 +0.3cd
19.7 Leaf mold 1.43 +1.08bc 1.55+0.64b 1.02 +0.42abc 1.35+0.47c 0.23+0.11bc 5.58+2.32cd 2.6+ 1.1a
*Mean * SD.

**Different letters in each column indicate significant differences according to DMRT (p < 0.05).

Al71e) o]& AATHA kel Al AfEE HiEo] AR
grol 27e] HitfE FXIse] B} =& NS 7HE
A Foz Acker)

okg o2 o]gdr|= k= tY (Lee ef al, 1996)3} Wi
& (Kim et al, 2007y 27 2ot G712 H|EX2] A] B
T} & ko] ALto] 7hsd AoR HiEoe] & AFe] 4t
Fob LdE A Btk 3 Kim 5 (2014)y2 3197
714 H|5e] Algo] B} =2 FHo| FH Aie 7hest
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o} 53], g el 3 dE2] ZAtole f712
H|5o] M2 el 2 Ao o] Folxl AoR Hiy
Atk olHg AE F °17P°ﬂ* shgx o ke A
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3L Fgre] Wold s AP TES ashes Z0E e
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w0 2 TR (Kim ef al, 2010a). T, F-333 340
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Fig. 3. Light response curves of A. japonica seedling
by relative light intensity. Bar indicate SD.
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light intensity and leaf mold. Bar indicate SD.
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