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ABSTRACT

This study was conducted to investigate the chlorophyll content, photosynthetic characteristics, and
growth characteristics of Aster koraiensis and Dendranthema zawadskii var. latiloba according to shading
treatment. A koraiensis and D. zawadskii grew in four different shading treatment plots (0%, 50%,
75% and 95% of full sunlight) for experiments. It was found that as the shading level increased, the
total chlorophyll content increased and dark respiration decreased in both A koraiensis and D. zawadskii,
indicating that A koraiensis and D. zawadskii increase the utilization efficiency for photosynthesis under
low light conditions. In addition, as the shading level increased, the net apparent quantum yield increased,
resulting in the highest in the 95% shading plot, but the highest photosynthetic rate, water use efficiency,
and leaf mass per area (LMA) were shown in the control group than in the shading treatments. The
results showed that A koraiensis and D. zawadskii are heliophytes showing plasticity to light, and if
the light is restricted to continue to shade, it may be detrimental to growth. For healthy growth, it
is considered suitable to grow A korafensis under full light conditions, and D. zawadskii under the
light condition that blocks 0-50% of full sunlight.
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Table 1. Daily average temperature and relative humidity in control (full sunlight) and in each shade treatment plot

Shading Air temperature (C) Relative
treatment Mean weekly Day Night humidity (%)
Full sunlight 18.8 21.6 16.0 68.8
Shaded 50% 18.9 21.8 16.1 68.7
Shaded 75% 19.0 222 15.8 68.2
Shaded 95% 19.8 239 15.6 67.1
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Figure 1. Graph of relative light intensity (RLI, left) and light quality (right) of the shading treatment. The light
intensity decreased as the shading treatment was stronger, but there was no significant difference in the
R/FR ratio of the light wavelength.

Table 2. Relative light intensity (RLI) and light quality in full sunlight and each shaded treatment plot. RLI
decreased as the level of shading treatment increased. Although the light quality decreased, there was

no significant difference.

Shading

RLI

Photon flux density (umol m? s'l)

treatment (%) Total* Red Far Red RIER
Full sunlight 100.0 1390.1 114.0 107.6 1.1
Shaded 50% 50.9 707.6 58.6 55.1 1.1
Shaded 75% 26.2 359.6 30.5 29.2 1.0
Shaded 95% 12.0 163.9 14.2 13.6 1.0
P ns.

* Total means the sum of PFDs between 400 and 700 nm.

Table 3. Chlorophyll content of Aster koraiensis and Dendranthema zawadskii var. latiloba according to shading
treatment. As the shading level increased, the chlorophyll content increased significantly.

A koraiensis (Shade Level %)

D. zawadskii (Shade Level %)

Chiorophyll 0 50 75 95 0 50 75 95
. 9.7" 10.1° 14.2° 16.1° 6.1° 7.4° 10.8° 13.2°
(+1.0) (1.1) (+2.1) (+1.7) (+0.2) (+0.5) (+1.2) (+1.1)

b 3.8 4.1° 5.6" 6.0" 2.7° 3.0° 4.3° 5.0°
(+0.4) (+0.4) (+0.7) (+4.4) (+0.1) (+2.0) (+0.4) (+0.5)

ath 13.5° 14.1° 19.8* 22.2° 8.8° 10.4° 15.1° 18.4°
(+1.4) (+1.5) (+2.8) (+6.1) (+0.2) (+0.7) (+1.7) (+1.5)

b 2.5° 2.5° 2.5 2.7° 220 2.4 2.5® 2.5°
(+0.0) (+0.0) (+0.1) (+0.0) (+0.1) (+0.1) (+0.0) (+0.1)

* Chlorophyll content [mg F.W. g']. The assumption of homogeneity of variance was assessed with Levene’s test.
Differences between groups were tested with Scheffe’s significant difference test or, when variances were un-
equal, with Dunnnett’s T3 test. Statistical significance was set at p < 0.05 and analyses were performed using

SPSS (version 21). Values are means *

standard deviations (n=3).
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Figure 2. Leaf mass per area (LMA) of Aster koraiensis and Dendranthema za-
wadskii var. latiloba. It decreased significantly as the shading
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Table 4. Photosynthetic characteristics of Aster koraiensis and Dendranthema zawadskii var. latiloba according to
shading treatment. As the level of shading increased, dark respiration decreased, and the light compensa-
tion point and light saturation point showed the level of heliophytes. The photosynthetic rate was the
highest in the full sunlight, and the net apparent quantum yield increased as the shading level increased.

A koraiensis (Shade Level %)

D. zawadskii (Shade Level %)

0 50 75 95 0 50 75 95

Ry L7 1.4° 16" 16" 1.8 1.8 1.6" 1.6"
(+0.2) (+0.0) (+0.2) (+0.1) (0.0) (+0.0) (+0.2) (20.2)

Lop 30.0° 27.0° 31.5° 40.5° 46.5" 39.0° 39.5° 40.5°
(£6.0) (£0.0) (£1.5) (+4.5) (£1.5) (£0.0) (£0.5) (+4.5)
Lsp 310.5° 235.5 217.5° 181.5° 345.0° 282.0° 246.0° 217.5°
(£4.5) (+8.5) (+8.5) (£7.5) (9.6) (£6.0) (+4.2) (+4.5)

P 3.0° 2.5" 2.2 1.3 2.3 22 1.5 1.2°
(+0.4) (+0.4) (+0.2) (x0.1) (0.1) (+0.1) (#0.1) (#0.2)

AQY 29.6" 315" 45.7° 48.6° 30.7° 30.6° 38.9° 39.0°
(+4.7) (£9.3) (#19.7)  (¢19.9) (*2.1) (£0.2) (#5.9) (£2.4)

* Dark respiration; R4 [imol (CO,) m” s’l], light compensation point; LCP [umol m” s’l], light saturation point;
LSP [umol m” s'l], maximum photosynthesis rate; Pnmax [Limol (CO») m> s’l], net apparent quantum yield; AQY
[mmol (CO,) mol™]. The assumption of homogeneity of variance was assessed with Levene’s test. Differences
between groups were tested with Scheffe’s significant difference test or, when variances were unequal, with
Dunnnett’s T3 test. Statistical significance was set at p < 0.05 and analyses were performed using SPSS (version

21). Values are means * standard deviations (n=3).
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Figure 3. Photosynthesis curves (a and b), stomatal conductance (c and d), and transpiration rate (e and f) of
Aster koraiensis and Dendranthema zawadskii var. latiloba. The photosynthetic rate was highest in
the control (full sunlight), but gradually decreased as the sunlight was shaded. On the other hand,
the stomatal conductance and transpiration rate were the highest in the 50% shading treatment plot,
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followed by the control, which is considered to be the influence of strong light.
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the highest in the control (full sunlight), and the efficiency decreased as the light was shading.

o] F¥313(181.57.5 pmol m” s S HY
FIEEE ARl moldd weg & F

(¢} T
BT A rashe Ao® vehse, HAmH
= A2 BE BT} 24as
75% APFA ] FE Fon| g o
Atk ole AR A BEEY AL s
Fozal B sl Adl} dEd 2
= *ﬂ%‘%v}. FYAFEE G 22(0~100 1
mol m? sMel|A B34 8L Jehl e X
ul oL 2 gletouix| 2 WEA7| = BaleH
©] &4-S 4ol gc}H(Evans, 1987; Kim an
2001a). <F% }_Zjoﬂ}ﬂ Agxhﬂ- A Bolz2 FA
= 2% 9

10
o %Lz‘sm

o

e 4% e o4
, 2001a). & Ao FAIg EAm]H
9431%4}— 5& A
s7behe B ¥l YeRs

Hn e} Az 7| B2ATEY} 2T
% ZAZE Figure 3¢ ~ 3fo] YERdTh 7137
= g7)ge] B B 252 ojn|sh,
AEre 542 &l 71+ Aol Axe
al, 2012). 23352l uhE

7] £
< Yehdch din|
= 50% ABATTFeAAM 7t
75%-95% 0.2 Asetict tzTolAE 3
Hol =Ego we} FEEAS HAgE] 9
& 7 FHAEEE A A Z L, olo Wt F4k
=74 Xﬂ'éﬂ‘% Aoz Holt}, 50% 24 el
dME ARAEE AT & e B0l AT
QOEH 1% 4.‘%554 TSR izl
Hlgl] F7HE 2o
g A= “a‘%j 3 ¢l gho]

e et FAEE At B

= g
of 9&5 vXA ErHAndrew and William,
1998; Lee et al, 2013). 75%}F 95% A48T

o B$ Fo] FEe we} 71 FHEES S
AEe Tt ARAe R Askeld 1, A S5

o] A} op7|" Aoz Holth

FROISEEE BTN FINEA W2 2
REAERA J1FAEES hd wet 22
Fo] Ahsta dAHOR FRo|EEE] T
718k 4= ATHLim et al, 2006). F=7F W& X
HolN 2ge 713 YR2 Wo} SNES W



10 A A - WAE
Fa, BRI BaE de Al SRS ] Ao GEFSE Akt Frg el
& A2AA FROIGEES FHAUKLee e FA7F Ve, BRH 5EE Fo7] A8 4
al, 2012). et & ARolA WA FS 7 54 FF ool S AR
Zo] FEOl8EEE AFrTd wE TS SEE Rzl P wika AReEel &
E7F AR e Rl §aEe] Aadske oRSSE At izl Al 9
Ao debdetlFigure 4), ol A3 @ FRELS W] A TledrRe SuE
wE ARgere] 2R ofd) I SR B =Ub AHAsklnh 50% AR T Ve =
O HQIth t27e A 50% ARAE el koh SAkEEE thEg] vl w3ko, 75%
HE SASET SkgdE FRelEEES 9 95% AR T E o WA et B9
g s Uehger, ole 3@l i v A o] BojAe Ao UBYTh fiold
o SASEe] fhago] o A veht ol &8 B3 FPYEE} A IR et
%E%Ol e AeR Y7 WL, ARl wheba A o}o}~ Ao e
A7 A A TAzE B A W A AAFEG RE G 20N
ki 7h A(plasticity)©] HERE FAAEE, F AKT A FFH o Xi'o‘}s}b ROR Kol
= Agtsted A EE Al dW Agel v, 7R S 50% AR A R
2o ZoR dddnt AR Y&2 fd o 2 = /A g AR AdEn d
AvIHE ARG 2H0A AEA712, 72 iAS FAxe FE AFee] A% 9 E
2 QR 0-50%F AGAR F 2 AL HE Y] 22T Ao dddnh
AHA7IE Aol Asittan AZdnt v E 2 ol @ WAvH e Pz ASELL B3
AFelMe thdd A2l WAmHS 7 Aol EASA] 2 DMZ ERA} 22 94
of thated 1 ool @] 54 Ao £ o] =77 AFE Aow ddtdn.

Atk Aol EAlskAI R oY gt A¥t=
Aol JEGe] ABA R 9 vl s Y
B} v} ai(Lee and Kim, 2001), H7Hn|#H 9] #3A4
Apgego] Foldes adithe Ba

B2
9} AXHH(Nam et al, 2016).
v. 8

2 A E AFA e Ane e 4
o] QA uhgo] n|xE Gt 2AKE] ¢
8, %)% 3749 A= b e
(50%, 75%, 95%)2 sl H=4 3 A
A 9 BEy EANS 2T

4
WA T 2% ATl ol
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