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Growth and Physiological Responses of 1-Year-Old Containerized
Seedlings of Quercus myrsinaefolia by Shading Treatment
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Department of Environmental Science, Graduate School of Konkuk University, Seoul 143-701, Korea
2Dept. of Environmental Science, Konkuk University, Seoul 143-701, Korea

Abstract. This study was carried out to investigate the growth and physiological responses to shading
treatment of 1-year-old containerized seedling of Quercus myrsinaefolia. Experimental process was con-
ducted in a facility that consisted of compartments under the lighting control with full sunlight and shading
(35%, 55% and 75% of full sunlight). Height and root collar diameter growth were high in the seedlings
under both 35% and 55% shading. Regardless of shading level, root collar diameter growth lasted for more
than 4 weeks compared to height growth. Highest H/D ratio was observed in the seedlings under 35% shad-
ing as 4.31, and the lowest ratio was 3.63 under 75% shading. It was found that seedlings under 55% shad-
ing showed highest dry mass production, which was followed in seedlings under 35% shading. In case of
leaf dry weight ratio (LWR) after shading treatment, the highest value was 0.53 under 55% shading, and fol-
lowed in seedlings under 35% shading as 0.52. But root dry weight ratio (RWR) was highest as 0.36 under
75% shading (highest level of shading). In terms of shading treatment, it was found that the higher level of
shading had a tendency toward the higher content of chlorophyll a and the higher total chlorophyll content
in the leaves of Quercus myrsinaefolia, but there was no significant difference in the content of chlorophyll
b depending on the level of shading. It was found that high photosynthesis and transpiration rate were more
correlated with high level of shading than full sunlight, but the rates of seedlings had a tendency to be higher
under 35% and 55% shading than under 75% shading. The results on growth and physiologica responses to
different shading levels of 1-year-old containerized seedlings of Quercus myrsinaefolia could be useful in
setting up the optimum light intensity for growth, and in estimating the shade tolerance of the species.
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T T Holo] 37 W ke 44 75
7] Wl Hlwd ysAde] & AeE dEA
ALK (Shin 5, 2006; Yeo, 2005), ©]oll thdt A+
g BA] ek AAolt), o] A3 frEeAlelA
o] e} $Ee] AATANIA Aolds = Al
37] wizell 5 A SHoA F83t ouE 71A
a1 JTHChoi 5, 1998, Gottschalk, 1994; Jones%}
McLeod, 1990; Kim %, 2008). o]l ujg} Wfe-4do]
U FEEY BRI E o FETA A
27 DA EE Bt A% S-S S8k Q)
tH(Choi 5, 2000; Kim 5, 2000).

mebx] 2 A7 ol JSA7E 7RIV 8]
Hol A Ae)A] wkgel vXe JIFs Tkt
AAEIR O, gk 9ko 2 TAe] 871H ALk
ol HAEAIAk & 7| 750 o= STt

e 3 gk

1. M=t Al

2 g ARE 7FAU-(Quercus myrsinaefolia
Bl)] Fxh= 2009 10¥0] P ek Ak
dATaolA A - TE TAE AREsIgeH, A
ARIPLe 7 TR oI A A=rdishal YAl
AYBEATE HIAAA o] FoiFTh. o] AEE A
571 M=o} A% 3719k H3g(full sunlightyS: 2]
A s RS Hol Jon, sAEe 450
2 AAEtet TRl HEs HiEste AgEE
ol-g3lo] Ztzt Age] 35%, 55%, 75%E T=31SITh
7y 9gAgTe F 72 spectroradiometer(Li-
1800, LI-COR, USA)Z =43l =d], 2010 4¥
1Y 24 104 HF 1540umol - m2.s1] PrFS
7o R, 3% ISAFTF= 924umol -m2-s?
55% 323127 615umol - m2 - st 75% 33312
T 370umol -m?-ste] P FEE eI
o] FgAd v A FAEE Z4gkom, 1 9
o] W120 x D100 x H18 Z7]9] Zuj~g 879
(22 KCNR-SI-CB1200, A1YAto]9l2, d=t)S Hix|
=g

B A0 AR-H 87]= T (cavity) £-%©] 350mL
o] ZelE Eglo] £7)(Rd KK-S 350, A1UA}o]
Ax, d=hzA ZF 8719 24709 7= 7HXaL itk

J

A - PR

& |71

T 8718 Argo = saEe] 200295 s
F 8715E Akl s 47]01H(Kim 5, 2006),
TS 7R 8715 AAERME 71 Bol AL
{531 9= 87]0]tH(Choo, 2009). 3] ASAEE
Aol FEAHEREIA, st ARg-SI3oH,
AT AL FFVE, FEolE, A 2 A&

glo]Eolr 1 EFHM|E 70: 15: 10: 5(viv)elTt,

2. OK5 - Ald]

58 20104 49 20Y AAIEREE FA €719
T(cavity)d 194 THEato] 7} 0 Al 9]
S7IRE) el T, X 87] = 7 T
THE elolSlt). AlRIXEE ol $9] 7} fHo|A
Holo] 2-Fh A 62 3UFE 9¥ 14U71A]
oF 147 <+ 84 HE2l Multifeed 19(N: P: K,
19:19: 19, Haifa Chemical Co., Israel)S 1000ppm
o7 zAst] F 13] At AHIA & el
= I7E A Utk AS7IEERE B Dan &
g 2318 Z¢](Naan-Dan Co, Israel)S x5l 313k
S| A= (1051 - hY) Wl o g AAlElgE, v &
e FFHET} vIEA S AEE FAGRion £
Qo] o1 i FRE= v 3 104 2087t
AT 1 % 98 SERE 10 T Alelddle

2~39°l| 3hd A= AAsioin

A
LB

7} W5 BEE BRI g 2aA
© WE 8 FVE & AoE SYsiglon], AE
ArkF 42 20104 102 140l AAEtd=T 24
S AFEle] 65°CollA] 727 A
2 92 pRel S4elnt &
) F 298 77, 297, 2BRNF 59
&8st HIDE, T/IRE, FAFHI(LWR, Ledf
dry weight ratio), 717351 (SWR, Shoot dry weight
ratio), #2715 H|(RWR, Root dry weight ratio)S
ol 25 o]&at APgsi o, 2E|al HEEAA
4*(Quality index, Dickson 5, 1960)E 2F=313t}.
©H/D ratio = Height(cm)/Root collar diameter(mm)

©T/R ratio = Top(leaf + shoot, g) dry weight/Root dry weight(g)
oLWR(g-g™) = Leaf dry weight/Total dry weight
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©SWR(g - g ™) = Shoot dry weight/Total dry weight
°RWR(g - g% = Root dry weight/Total dry weight

- Quality Index(Ql) = Total dry weight

Top dry

Height weight
Root collar(H/D) * Root dry(T/R)

diameter weight

24 g 4L 20104 89 25% AAEIET
= o o] glom ofw]
gk QT {to = T o 4le] HolA] &=
g derdAlo] HEoloh SV S 7 TiA|e
Aol A 3~aA)] Slo= e A7]el| ebds] i
gk S A 54 S8E 9fal 01g0] 9=
A Fshe] Aokl Y1 DMSO(dimethylsulfoxide)
£ TmLE W] 65°C 7oA 6AIRE Bt F=
3}TH(Hiscox and Israglstam, 1979). &--7]ollx 7
A SFA A FEo] 10mLrt HES <F 3mLE
ZF7F5kal UVivisible spectrophotometer(Optizen POP,
Mecasys Co., I=HE ©]83}le] opticd dendtys =
Attt 954 a b ¥ a+b FHFS oo
Arnon(1949) 21&- o]-83le] FL5l4Tt.

o

© Chlorophyll a (mg - g™ fresh weight) = 12.7 x Dggz— 2.69 X Dgs
© Chlorophyll b (mg - g™ fresh weight) = 22.9 x Dggs— 4.68 X Digg3
© Chlorophyll a+ b (mg-g™ fresh weight)

=20.2 XDgy5+ 8.02 X Degz

B e 5788 8Y 259 7+ TeAE] A
ol JoTAX k8] el g Sls A7gste]
AAEAT. 4 78 BS54 7 (Portable
Photosynthesis System, Li-Cor 6400, Li-cor, USA)
£ ]85} red-blue LED light source Li-6400-02B
(Li-COR, USA)Z #%= PPFD 1000umol - m2 . s
A ANEI BE29719) ledf chamberol] £
HE 3719 ##& 500umol -s?, Chamber 2%+
25°C, CO, ¥%+ 400umol - mol™, Ati&EEE 60~
70%%2 ZHIGTHKIm 5, 2001). o888 3
FAIESAEH(LIm 5, 2006, Wang, 2001)°.2 Akt
siom, GEol8aE2] Akl 283 FFAES
ZAFRS PPFD 1000umol - m™2 - s oA S350t

VA BE AR} dE 9 B
HkSol] T3k A4S SPSS version 18S ©]-8-51]
FAF-9]2HLSD) ¥ Duncan’'s multiple range test=

178kt

>

=k

Za 3 o3

b=}

1. M - 2RBYT % HDE

TP TR Hoks 9 35 AR
A= o] 57 ERA haE et T 87 $E
ASHAEE 49 7P 87159 13 el
2% Av= 77 Fg. 19 Fg. 20 Yo} Sich
uE & F S4E P 2Y, 5%t 55%
52 E]olA gl vlsl E Aoz AR oM
olHR A= A5 v @AZIA olojHitt. SRRt
7V 73 D) T5uelAE HFRE ke A
& Ho] 7R g AUAA vk Begele
Aol Axshe & 5 itk & Ao PRt
L AEFFTER] w5, 7S, 3G

B
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3 2 e R 3 Al g His)
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Fig. 1. Effects of shading on height growth of Quercus
myrsinaefolia seedlings. Bars indicate standard error.
LSDoes in figure indicates least significant difference at
95% level and was obtained from the mean measured on
24 weeks after seeding.
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Fig. 2. Effects of shading on root collar diameter growth of
Quercus myrsinaefolia seedlings. Details described in Fig. 1.
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- A8l
Aol <& Aoz we P Ry
2AtkH(Shin %, 2011).

TABAGE A ASHES Bt 75% Tl
A 7P S S Bom 1P v A=
35%%} 55% J2olA T2 S BTk g 714
Uie] 7 AAl= eAE ol BAIgle] 3t
= 2057 391 99 7UAC R AMEQloH, ZAAN
AL 20771 At Fol= o= Ar o] A&
o} g e Fhbrge] oM aAAES sk
AUt RS 145 FHE FREAeH,
TUBALLE 18700 o2 A GA|g AoE Ky
RATHKIm 5, 2006). ol9} 22 A P Afol=
TR ASSkE 7157} vl viste] o
Begk oAl Hol ARS Bt A|&31A $F 4
o= o)

A, H/IDE-S HE9] AXEE Yehll= A5,
EARE S7|HolER] A Adagle] Ak B

o =
53], T2 Ere} w2 33 SAoA A3 =
HIDES 7HEAl == 7keal ofst 87159 %7l
FasHA &= JTH(Haase, 2007; Thompson,
1985). & A3M FASAY §F 7RUF £7]5]
7P =& HIDES 4318 7158 35% Tol3lom
7P S 3k 3635 1SS 75% ol Atk(Fig.
3). olAH 7T A9 BlwA #2129
AAFS Bl 3%} 55% F2olA AiFos =

6
5 a ab
= e
3]
E
a3
rn )
)

0

0 35 i1 75

Shading (%)

Fig. 3. Effects of shading on H/D ratio of Quercus myrsi-
naefolia seedlings. Bars indicate standard error. Different
letters in figure indicate significant differences according
to Duncan's multiple range test (p = 0.05).
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H o

HDES B3l AS & F St ©] HIDE &

Park 5(2010)9] R ilo|xE g9 H/IDE©]
199570l Blal 2~33 =9ko™ | Roller(1976)% black
spruce €715 H/DE°] 6.0 oPgd uwl= v, A
Z % Aol 2 IS de Aoz By
7 Johnson 5(1996)S =AH e} &7|8e] HIDS 7
Eox], AR =AHE 60 ©]3}, £7]|5E 80
olslr} upgrzlebH, -2l i B, =ABE
70 ©J3}, 87|18 Z7)d we} 9.0 E= 100 of3}
£ 33 5BEo s ERIIG g 2 A3e] T1A|
el ke 294 87"l 93k oFS Qo
5 =ARY] Aols 7.0 olsirt viEFsitiaL

s

g rlo

ut

2. ML T/

g5xE] F 71 8 BEALES 55% T34,
71 Hgo2e 35% oAl FEER o
T aggolA 7 =2 Ao® FAEIK(Table
1). BE 39 g A Aol g v B
B2 75% 502 AR YRbHo = Fe] 7t
e E719F ¥l BEALFS 74 (Strothmann,
1967; Walters 5, 1993171tk &4 AARE,
ol Wetr= AA ALY SV e FeEE
Z7tet At oE2A JERdtar sHTHGroninger
5, 1996).

ol Fde ] JeAe] & ek
BT S5UHAE AV, AsH: BT tiETRT
2ot sFP e (Kim# Kim, 1997), Quercus
mongolica var. grosserrata 194 H52-9] 7Hgw &
AL BB =T} 200714 S ® 2 Zol7} (11
O} AEAERE o= FRjollu AriEErt sl
ATE AHolxtal aF3itk(Norio, 1985). ©|4#H 3
Z70 gk e AP, AEE § 71Ed
) 1SS ol wet e, S22 Qo] #
S o] AE)eh - TEA T A
Bj7] Z2 A& Hejef MIES # ¥ st
= B ARl oA Yt

kA FSAE] & T/RES A 23 75% I
olX 17602 7§ Al UERRAL 55%elA 2412
7V A Jepton 35%0lM I ggow Ee
2382 ZAFE|QItK(Table 1). 35%2} 55% 3)-g<llAe]

0
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Table 1. Effects of shading on dry mass production and T/R ratio of Quercus myrsinaefolia seedlings.

Shz;dlng Dry mass production (g) T/R ratio
(%) Leaves Shoot Root Total

0(1540umol -m?2.s?)  0775+0.042°b 0.320+0.023a 0.537+0016ns 1632+0.080b 2.03+0.06b

35 (924 umol - m2-s?) 1.010 + 0.061a 0.363+0.016a  0.580+ 0.034ns 1953+0.103a 2.38%+0.12a

55(615umol -m2-s?%)  1085+0.059 0.353+0.023a 0598+0.034ns 2037+0.112a 241+0.04a

75(370umol -m2.s?%)  0680+0.0530 0250+0.019 0527+0.028ns 1.457+0.089%  1.76+0.07c

“Means + Standard error (n = 6) are represented and were measured on Oct. 14, 2010. Different letters in each column indi-
cate significant differences according to Duncan’s multiple range test (p = 0.05). ns: not significant.

E2 TIRES TS o) Aehy A= F71st
A AP o] asiaA dHeR #2 TR
&8 Hel Ao= ok WA 459 TRE 4
TollM, T3 AEe] 918(50~-55%)0llA F78hs A
AR 2L o8] AiFeE 2 T/RE&(Hong
5, 2000; Kimdt Kim, 1997) Hue B A8y &
ARt A7tE AlsET

3. Leaf dry weight ratio (LWR), Shoot dry
weight ratio (SWR),
(RWR) Y Quality index (Ql)

A AERLNE T Aol tigh BajRleS ek
LWRS] -, dleAe] & 78 =2 3 55% =
o] 053, 22 35%2] 0528 FAFEJATHFig. 4).
o9} 22 A= o] F dgFzio] 3H 75%
SHU AA AT EUARE 1] AEAL]
Ao R E2 HIEE XIeE g dken, bk
Zog dZol o5 FEr} goldss LWRS o}
Fth= H3l(Corndissen 5, 1996, Waters 5, 1993)

Root dry weight ratio

0.8

OFull sunlight B835% Shading ®55% Shading ®75% Shading
0.4 ﬂ
0.0 . F’—’. . W' . “

LWR SWR RWR QI

Fig. 4. Effects of shading on LWR, SWR, RWR and QI of
Quercus myrsinaefolia seedlings. Bars indicate standard
error.

o= Flwl= An)

SWR 9= SAgdl i lole A &
o7 AT I5A42] & RWRY ®isE
veso] MY T 75uellA 03608 T e
Aoz ZAE A= A AEAPAES T2 AT
R} Ggkon) 2y AFAAkegol vls) Aduldez
) AEAsRE Hgo] 9] WiFEoE dtEd, o
o} 22 wWiske= A o] dide=z gofeil &
Zdel tigh Wkgo 2 & = it} B& AEEC] 15
o] ork= x| wet 259 A vhe-S %
a7l =], 25| 7A9els AR 22 FeE
QA fFaAdez ek Fol| ®ESE Ju
(Schlichting, 1986). RWR %2 9] WH3lsl= 873
270 o] S F7al] At FHe=E Q14
HoH(Gleeson, 1993; Reynolds?} Thornley, 1982).

gukHo g Qe BEo] A AFS NS
B werE G HEoR sy, HEEA
H7ke A9l HDEY TRES y&slal BE A A
EYAES Fo 947 T3 gholy] wjREo|th
(Thompson, 1985). IS-A2] & 7IFF =& Q=
55% 32-9] 031, L TR0 2E 35%0] 0.290)31t
(Fig. 4). ol9} - ZAvh= 55%2} 35% J200A] =}
e BEo| AR} AEAL] JulFo R =947] u)
Fog gadd,

o (2 %

4. 9= BT TEYM uS
HgAE] F TR G54 FEEARIA I
o] FHATE Q5L a T} T dE&(a+h) T
Fe FoAE AFS Btk (Tale 2). sHARF 54
= JgAgel wE 2po|7F YeRA] 9%k

o} 3 EEL ab&S 3% ISdlMe AgRg
T e 3hE Bof ggAjE]d)] os 984 &0 &
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Table 2. Chlorophyll contents of Quercus myrsinaefolia seedlings grown under different shading rates.

Shading Chlorophyll a Chlorophyll b Chlorophyll alb Total chlorophyll
(%) (mg-g™) (mg-g™) ratio (mg - g™
0 (1540 umol - m2-s?) 0.60 + 0.09%b 0.39+0.07ns 159+0.21b 0.99+0.11b
35 (924 umol - m2-s?) 0.64 + 0.05b 0.46 = 0.05ns 1.43+0.09b 1.10+0.10b
55 (615 umol - m2-s?) 0.80 + 0.058b 0.37 +0.02ns 218 +0.05a 1.16 + 0.06ab
75 (370 umol - m2-s?) 0.87 + 0.06a 0.38 + 0.04ns 230+ 0.14a 1.25+0.09a

“Mean + Standard error (n = 5) are represented and were measured on Aug. 25, 2010. Different leftersin each column indicate
significant differences according to Duncan's multiple range test (p = 0.05). ns. not significant.

7HRTH 84 b o] o RS & 7 Utk
55% 2 75% ISolME abdo] 5l ole
S5Ael wE g st AY I AEA b
Hoe g84 a9 $7180] U &3] o E Als
Hr}. ole} & Avks 15 et A HE
A bo] 3 FTPF AEL 8] Tkl Hisl A
o2 o FA Z7R7] Wil 524 abgo] 1A
o= BEal(Kwon 5, 1996)°b= T2 W&oz %
HE Hlehs 3 273 gk whgo] T A= o]
A2 AlRET I Ak 48R O SRS
Q1 o] F5A4 (3, 30, 50, 70% I )= A
4 a G54 b9 T G5& FHS TTMIHSH,
A=A alb&2 30% Ieole W3 AR Y
50%2} 70veIE ST IFHE ol W dExA
ol X BEE WU lo] A VT TRES =
°o]7] SJsle] B FEe =3l A= EAEITh
(Han 5, 2008).

B AFolA gl misl] FeA= T35, 55, 75%
g5yl Bl =2 HEA T (EEA & T 95
A e 3520 E FPEES] SVHE Bl A
BEo AT AEAES F4 3 Z(Fig. 1, 22
Z Algd"o} SRR o33t ad= 35%9} 55% I
AT YeRger 75% ISolMe 23518

PR} U et olefgh olfi= RIS 75%<]
Jeb g o8l AEA TS IRV B
o 71N, AR 2 A WSl 3
= YA e ofs) BFE] Atz A
A A FES F Aoz KLl

SHA, A89 Tg5olA] 7MUY F3MEE, 7
A=®, 45 U CO, F%, T, FEol8as

5 A2A) R dpRE Wl va) AujHes
=

o

o o

iy

SHIE-S 233l nls) o=, Fge] 2.92umal -
m2.glo] HlE] 3/Ww T 55% IolAMe ZHzt
7.69umol -m?-s3} 7.67umol - m?.st JEZ =
2 Aoz FAEA. 75% ol Agl] Bis)
A =& 556umol - m?.sto 2 ZARES oY 35%
o} 55% T5ollA] Boks w2 ks JERT 5ot
FiFe R Yol ol BIPdES] Hele} o
o IHE gEL T ¥isle 7 wE tE
Ae= 2 dA JArk(Kim 5, 2001).

S FIAELS 71 e} BRIdo] 7] wiwel
71eHEES} B ES O] ANl ATHLIm
‘S, 2006; Faria ‘s, 1996). wWebA] Hgolla] vk 3
FRES Bl NAIEe] W2 7THEES Holet)|

o= el o COL 7R=mgho] Aghe 1Y)

Table 3. Photosynthetic response and water use efficiency of Quercus myrsinaefolia seedlings under different shading rates.

Intercellular CO,

Shading Photosynthetic rate  Conductance to H,O concentration Transpiration rate Water use efficiency
0 2l 2l 2l . -1
(%)  (uMoICO, -m“s™) (molH,O -m™“s™) (umolCO, - mol ) (mmolH,O - m™“s™) (umolCO, - mmol~H,0)
0 292+ 0.97 0.07£0.02 311.20+ 14.51 163+ 0.57 185+0.34
35 7.69+ 0.68 0.18+0.01 312.33+2.08 385+0.24 1.99+ 0.06
55 7.67+0.20 0.16 + 0.02 30353+ 11.24 3.44+0.35 2.28+0.26
75 556+ 0.34 0.11+0.01 299.87 + 5.54 253+0.20 2.21+0.06

“Mean + Standard error (n = 3) are represented and were measured on Aug. 25, 2010.
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ACHKimZ Lee, 2001; Han 5, 2008). 7MAIHE-S
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AAshet] Fr8skAl AREE S o, B U
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PRGN

b5 o
- i

B e F2Agel ue 194 7RV 8718
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2 AT 7] e A7 35%
o} 55% eA2lolM & AR FAMESCH,
A9} dHgle] F9AFe] 1P B 4
A= o] Z2A A&HJ. A8AY § 7P =& H
D& 4315 7|83 35% d2ollen 7P e
e 3638 7SS 75% o)k 3 TS
T 7P =8 BEAERS 55% I8, 1 el E2e
35% 20|, FEEE o] F el 7}t
=S Aoz AL TIR&ES 75% T]3ol|A
17622 7FF WA JERGR 5504 2412 7%
A UERdom 35%0lr= 2.382 AR Ledf
dry weight ratioLWR)2] 7%-, 248 & 7 =
S kS 55% 89 053, TS 35%2] 0520191
o, root dry weight ratioRWR)S I520] 7}
A =& 5%l 036°0F 7Y & Zlow FANE
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(a+h) TS ZolA= S HIAT A=A b
A5oll= Fgxigel] W 2ozl A el 1
2oL B ET ZASL Adol| HIE) o] =&
2 ZlslHon, 71 5o 189 75%nETE 35%
2 550 F2o4 O EdTh B gl ulgx]z]d
W2 3 27o] 2 AN A3 HEESo] K|
AT B vk Al AR BSPEE AR

A A

2 d7e A A7 @A S
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