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Characteristics of Photosynthesis and Leaf Growth of Peucedanum japonicum
by Leaf Mold and Shading Level in Forest Farming
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ABSTRACT : This study was carried out in order to investigate the photosynthesis response and leaf characteristics of Peu-
cedanum japonicum growing in forest farming. The experiment was performed by leaf mold (pine tree and chestnut tree)
and shading levels (0%, 35%, 50% and 75% shading). Light relative intensity was 100% (full sunlight), 60.3% (35% shad-
ing), 35.1% (50% shading), and 17.4% (75% shading) respectively. Light response curves of pine-leaf mold and chestnut-
leaf mold were the highest in control (full sunlight) and these were getting lower in the higher shading level. Photosynthesis
capacity and light saturation point were indicated higher in chestnut-leaf mold within the same shading level. As the shading
level increased, maximum photosynthesis rate decreased. And apparent quantum yield was not indicated statistically signif-
icant difference from all treatment. Leaf area, leaf length and leaf width were significant higher in 35% shading and control
under chestnut-leaf mold in all treatment. As the shading level increased, LAR (leaf area ratio), SLA (specific leaf area) and
SPAD value decreased in pine-leaf mold and chestnut-leaf mold. As a result of surveying the whole experiment, P. japonicum
is judged better growth and higher yield by maintaining 35% shading (relative light intensity 60%) under chestnut-leaf
mold in forest farming.
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o] =t} (Gwak er al, 2011). WEF Aopls ¥EF & s, WY 5 AR A #gk A7t v BaEov
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Fig. 1. Changes of temperature (C) and relative humidity (%)
of the experimental site.

Table 1. General characteristics of the experimental site.

Slope Altitude Growing stock
Aspect ©) (m) (m*/ha)
N 5~ 14 50 ~ 75 123.9

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

2zt - Y - 25
o WX= 3 Lolrr] 9] AFAHY YoM AGRAE
o} SHFAPES 77t by i i dEeA Jae
Aojar gte g A3 YAl A7) BPEES AF AHH 3
o] Hg)Tol| HY 10kg® HF)sAT). B Ao Aew 7}

RAEe} Seuet AFFEDS) o8 54 Wlai Table 2

o} 2t} (Jeong er al, 2002). A4 7t FHE Wl 35%,
50%, 75%2] AFF I ool FAFL T F 45O
2 23kt (Table 3).
3. & =M

HAE 9 AgAee] B 7)i7l%\4%91 W A S
3 20149 8¥ 18YUKE 54 =<oF AAE dL oz &

4§ #F34d =747] (Portable Photosynthesis System, LI-
6400, LI-COR Inc., Lincoln, NB, USA)Z o]&3l] =343}
% th = PPFD (Photosynthetic Photon Flux Density)‘—‘:—
0, 100, 300, 600, 1000, 1500, 2000 pmol- m2s7'2] &
AL 7k AT ambEom SAsI 4*%“3 =47
chamberol] FYE = 2719 %S 500 pmol - s, Chamber
exE 25C, CO, FEE 400 pmol - mol™!, Aoy

60 ~70%= ZH3IUTH (Kim et al, 2001). ©]5 o]&3}o]
F-3d34 (light response curve)S ZHJ3SIaL, Kok B3}
(Kok, 1948; Sharp et al, 1984)7} W2 ZHA JYEUE
PPFD 0~ 100 pmol - m™s™" ]3] Fo|A] Fme} 339l
22 3 (y=a+bx)E T8 Kim3 Lee (2001)°] %
HOog AEF (dark respiration rate), FHAFH (light
Fx3Pd (light saturation point), /Tl
TEATE

19] leaf

AT
= i

compensation point),
434E& (maximum photosynthesis rate),
(apparent quantum yieldy 2tz AFE3laAtt

4, QAT A HSA gk DAL
A71eHEe] g A 54 Bt Az
AL AA T Tl 9Wd =471 Portable Area Meter

(LI-3000C, LI-COR, Inc., Lincoln, NB, USA)E o] & 3}¢]
AHA S ZAs19em, L/W ratio (Leaf length/Leaf width),

HY1=

HAHAY] (specific leaf area=Leaf area / Leaf dry weight,

kg™)

Leaf mold Tex- pH OM. TN Avail.P C.EC. Exch. cation (cmol™ « EC
ture (H,0) (%) (%) (mg-kg™) (cmol® - kg™ K+ Ca2+ Mg“ Na* ds-m™
rorea L 548 449 019 25.6 12.5 023 244 101 022 -
orest
e C 435 533 028 67.1 3.42 035 091 119 017 7.5
Chtfzt;”t L 568 554 029 4318 6.76 140 001 463 023 410
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Table 3. Light intensity of experimental site by shading treatment.
Shading

Light intensity Relative light intensity

(%) (umol + m™s7") (%)
0 332.8 + 24.5* 100
35 200.7 £ 11.0 60.3
50 116.8 + 8.0 35.1
75 57.8+4.38 17.4

*Mean £ SD (n = 5).

SLA), HZA& (leaf area ratio=Leaf area / Total dry
weight, LARYS &1t}

FEL FFE AxAS k] oL wESAo] 7kse
Chlorophyll meter (SPAD-502, Konica Minolta Inc., Osaka,
Japan)E ©]-&3te] 10WHE 02 ZASATH (Woo et dal,
2004).

5. SAHEA

FHE B xpgAed zhzke] A glol tigh 42 SPSS
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2010).
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(11.8 pmolCO, - m=2s7")
o} ZEH] (122 pmolCO, - m2s e 7F =& 7oz B3}
e, & Ao AVgu=Ee] Agele AdolA 7HE =
2 AT S Bl 3, 2R AR 23E B A
ks W WgAdo] oFsk 2lE2 dE ) 0|2k Aak=
A&ttt FEsiilo] tE7] el vepd 43R Al €t
(Gardner et al., 1985).

1550 AA|7} 2.0 ~4.6 pmol - ms 2 X2 2 xpolS
Holz] okgith FEAGHS A5, AFFAEANA= 589
~64.3 pmol - m s 2, FHH-HENAME 36.4~65.5 pmol - ms!
2 717 ZAEQEY o]5S RE AgFolA foF 2jol=
HolA] AT} (Table 4). AT, SFFHEANN = P5ge]
astell mEt FRAAFE Fhaste] Ao AAAAE Hole
Aoz Jepgtt 3, HAFFHE W 75% 2FgolA BEAY
Aol A AL YEd ol AFe eaE AARYY, 21
o] AgoM= B} AlAg SH I E4o] 283 Hlow %
lRezl=4
Fxskds) Ao FEEELS 7 2R E vwd 9o

AERHE B} SHEAEANA 97 z}o]E Ho|d
Ao R Yehgth 53], ol #HES A9ole AR
EASE GolAs AES HeE o] T3 2 439
W71 eHEe] diFeR &2 4 S04 ASe] &
2E0)7] wZel et A#E AlsEnh

ok 27 (0~ 100 pmol - m2s7ellA 2] 3394353 Yeh)
A BN F=FFFES W AURAE sEeUAR jIS7]
F3lstA| o] A8 Wbt} (Evans, 1987). & 2ol
Foz JPedo] =2 YPFHES Ay
TERTEC] AL APFEo] FolETE FEAA,
=Z]

ol

2 rlo Hn

2

-

ox i rir

B
=
3

ofd L

ot R ol

~~
an
[
%2
(e}
=g
a
—_—
Q
<

al., 2002). & AgA F=E
A, AP ES} SPFHPES]
7F S (B #HoE MIE e BRI FoA Eolga
o] 7P 9tk 2 T APYTHES] AR3A T Afele
BEIt ATl et Rl EE TR HATHES]
AEF SRFRES] BE AT BHoh ks o]FojAq ¥
S FRo|ERES Hole ZAog Yehgt I3 thiEe
Al elMs FEs olde] FEPolx FRolEa &0l

A Holl= AEE Bk (Fig. 3).
5ol 7P =2 PPFD 2000 pmol - m2s7'5 F410



Z HwshE, A7EUES AP =
35% g olstolld At os E%L T8 R ES HATH
ol#st A= Sx|AEQl o
&0 AFFEo] wopdaE volite ATRikE tE 7
&2 BT (Lee et al, 2012b). e, H3S A|9gh %

o] Agole IAPFHERT 2954
$EES Hole o= UEhith

BN ¥ 2 FEol

e e, FFFHEAN ASE WNEHE2 257
1.5

2 AATIES 29N9E % 35% xk*oﬂﬁ 7}7* 7o
o, AR SATAEIN AsE WEveel H 2 A

(A) (B)

20

- m-2s-1)
- m-2s-1)
[
& 8

S

(2 WICO,
.

(42 WICO,

Photosynthetic capacity
Photosynthetic capacity

0% -+35% -30% -*75% <-0% --35% -0-30% -®75%

0 400 800 1200 1600 2000 0 400 800 1200 1600 2000
PPFD (pmim2 - s71) PPFD (pmdm2 - 571)

Fig. 2. Light response curves of P japonicum by shadlng
treatment. Bar indicate SD. (A; pine-leaf mold,
chestnut-leaf mold).

© 2 e (Table 5). AAHozE SFRAES] 35% =}
B3 HAgolA el oR IA JEpgeH, AFEEE BE
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Fig. 3. Water use efficiency curves of P japonicum b

shading treatment. Bar indicate SD. (A; pine-leaf mold,
B; chestnut-leaf mold).

Table 4. Dark respiration rate, light compensation point, light saturation point, maximum photosynthesis rate and apparent quantum yield

of P japonicum by leaf mold and shading treatment.

Maximum

Shading Dark respiration  Light compensation Light saturation photosynthesis Apparen’t quantum
Leaf mold %) rate point point ate yield
o, —2 ~1 —2 ~1 —2 ~1 . -1
(pmol « m™s7") (umol « m™s™) (umol « m™s™") (unolCO, - m2s~") (umolCO; « mol™)
0 3.2+ 1.7ab 58.9 £ 6.5a 510.6 + 78.1b 14.0 + 7.2bc 25.9 + 6.2%a**
Pine 35 3.5 +0.5ab 64.3 = 1.5a 582.6 + 87.4b 10.3 £ 0.5cd 20.5£0.8a
tree 50 3.9+ 1.3ab 61.5 +13.3a 586.5 £ 53.1b 8.0 £2.9¢ 21.1 £ 3.6a
75 3.7 £0.7ab 63.6 £ 7.7a 588.8 + 77.3b 7.4 +0.9d 21.2+54a
0 4.6+ 1.2a 65.5 £ 5.2a 948.1 £ 97.9a 20.7 £ 1.0a 27.7 £ 6.4a
Chestnut 35 3.7 £ 1.5ab 63.7 £ 27.3a 976.1 £ 168.2a 15.9 + 2.9ab 234 +24a
tree 50 2.6 £0.7ab 45.2 +10.1a 927.5£83.1a 13.7 £ 2.4bc 23.1+1.3a
75 2.0 £ 0.6b 36.4 £ 8.1a 970.6 £ 97.9a 10.3 £ 1.2cd 22.2 +3.0a
F-value
Source Dark respiration  Light compensation  Light saturation Maximum Apparent quantum
rate point point Photosynthesis rate yield
Leaf mold - - 99.447%** 18.780%** -
Shading - - - 9.002%** -

Leaf mold x Shading - _

*Mean * SD (n = 4). **Different letters in each column indicate significant differences according to DMRT (***p <0.01).
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Table 5. Leaf characteristics of P japonicum by leaf mold and shading treatment.

Shading Leaf Leaf L'eaf Leaf aspect LAR SLA SPAD
Leaf mold %) area length width ratio (LW) (i - g (e - o) value
° (cm) (cm) (cm) 8 8
0 29.2+5.3c 7.0+ 0.9c 3.7£0.2b 1.9+0.2a 35.5+9.7b  88.1£25.8cd 35.2 + 5.2%b**
Pine 35 31.5+3.7bc 7.2+ 0.5c 43+0.3b 1.7+0.1ab  37.8+6.2b  105.6 £ 14.5cd 36.7 + 3.5ab
tree 50 26.7 £ 6.2c 6.8 £ 0.8c 3.7+ 0.7b 1.9+ 0.4a 41.2+9.6b 115.0+32.8bc 38.0 + 3.0ab
75 25.7 + 3.4c 6.7 £0.5¢ 3.8+ 0.4b 1.8+0.2ab 53.5+10.6a 165.3+40.4a 39.3+3.0a
0 58.8 + 6.6a 9.5+ 1.0a 6.2 £0.8a 1.5+0.3b 14.9 £ 7.4c 43.6+17.4e 363+ 1.4ab
Chestnut 35 63.8+x83a 10.2%0.9a 6.4+ 0.8a 1.6+03ab 23.5+10.5c 75.0%33.2de 36.8 £ 1.9ab
tree 50 38.5+7.4b 8.3+0.8b 4.4+0.9b 2.0+04a 42.2+8.8ab 117.6£13.7bc 38.6 £ 1.6ab
75 31.3+£52bc  7.4+0.3c 4.2 £0.5b 1.8+ 0.2ab 45.0 + 10.8ab 152.1 £ 48.5ab 39.6 + 1.5a
F-value
Source
Leaf Leaf Lgaf Leaf aspect LAR SLA SPAD
area length width ratio value
Leaf mold 136.622%***  76,032%*** 66.497**** - 14.646%++* 5.592%%%* -
Shading 30.170%**% 12 572%%%% 15.985%**+* - 16.223%%** 20.589%*** 4.293%k%%
Leaf mold x Shading ~ 15.752%#** 5.9714 %% 9.38 1 #xx* - - - -

*Mean £ SD (n = 10). **Different letters in each column indicate significant differences according to DMRT (***p < 0.05. ****p < 0.01).

6.2 cmz FA| YERHTE LW 9783 fZo] fojxe= &
GATHES] 83 35% 2ol 7P Agtet] ol 9%
o] AuFoz v AT B} 1.4~ 1.7 Z7] iz o
it AE Als o)

AHA v]&S YER= LAR (leaf area ratio)> IEHFY
Eol SRHYPE BT 2pPFEo] EoHErE AX 75% xpgel
A 5350-g7!, 450 ai-g ' ® TPE =T I GFAS
7P o2 YeRf= SLA (specific leaf areay= ©] ol &
TE AL ek A erlsked], & A3oMe AT
AES FPHHFE BF 2PgE&o] oHETE AA 75%
2p3goll X zbz; 1653 ai- g, 1521 aif - g2 7P ESkTH
(Table 5). o= AFF&o] EolHFE A7|ev=e] G747t
gfopiths As ofw|gitt.

g, ok 0= o]go] 7ksgh thdAl ARl WER (Lee
et al, 2012b), LAY (Lee et al, 2012d), 213 (Lee
et al, 20120)% ApFEo] EolEFH SLA (specific leaf
area)’} AAadhe 02 B vl Qo] A& wE o A

© o} 2~ o)
= =2 A

AR A, 2 AolA
AFFHES} SRR ASE Wgdes 27 AgE
o] oHTE £ J54 FFE B ole fuEe
Fako]l W oA A&Eol vehd AxE dAdEn
(Hansen er al., 2002; Viji et al, 1997). B3}, o]2{3+ A}

£ 353 3 8400 B3 a8L T SIE A
2 Qo s Atg s, W3 (Lee er al, 2012b)% 2|5
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(Lee et al, 2012c) 7k olyz} Amls, &3, ZEH|

(Kwon et al., 2009)9}c 5de &S Hole= Zoz el
Wik

A7l A A7l E =] S-S IHTHE B 29
FRAE7F B& Ao 35% A AHEE 60%) ©l5h]
T AR 2ol aFA A7|evES] AL B AL

Sl 2ot aadd o= dAdtEn
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