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Changes in Growth and Physiological Characteristics of Iris laevigata
Fisch. by Shading Treatment

Seungju Jo”, Dong-Hak Kim", Eun-Ju Cheong® and Jung-Won Yoon**
"Master’s Degree Researcher and *Researcher, DMZ Botanic Garden, Korea National Arboretum,
Yanggu 24564, Korea
*Researcher, Garden and Plant Resource Division, Korea National Arboretum, Pocheon 11186, Korea
3Professor, Department of Forest Environmental System, Kangwon National University, Chuncheon 24341, Korea

Abstract - In this study, we investigated the growth and physiological responses of Iris laevigata Fisch. to shading treatments
in order to suggest optimal light conditions for ex-situ conservation of the northern lineage plants. For this purpose, a control
plant receiving full sunlight and different shading treatments (50%, 75%, 95%) were installed, and leaf mass per area,
chlorophyll content and fluorescence response, and photosynthetic characteristics were investigated. 1. laevigata developed
leaves with higher photosynthetic efficiency to adapt to lower light intensity as shading levels increased. Chlorophyll content
increased with increasing shading levels, and leaf mass per area decreased with increasing leaf area. The chlorophyll
fluorescence responses Fv/Fm and NPQ did not change with shading, and the activity of the carbon fixation system did not
differ between treatments. /. laevigata exhibited a light-saturation point equivalent to that of sun plants and maintained
photosynthetic capacity similar to that of controls up to 75% shading. The apparent quantum yield of 1. laevigata decreased
significantly at 95% shading, indicating adaptation to lower light conditions. It seems that the photosynthetic capacity of 1.
laevigata decreases when grown under 95% shading level compared to full sunlight, and it is judged that the longer the light
is restricted by continuous shading, the more unfavorable the growth will be.
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Table 1. Relative light intensity (RLI), light quality, and resulting leaf mass per area (LMA) of Iris laevigata in sunlight and each

shaded treatment plot. R/FR is the ratio of infrared to far infrared.

Light condition Sunlight Shaded 50% Shaded 75% Shaded 95% 2
PAR? (umol m™ s™) 1,866.33 950.71 327.62 116.33
RLI (%) 100.00 50.94 26.23 12.01

R/FR 1.06 1.06 1.04 1.04 n.s.

LMA (mg/cm) 8.26+0.98a 6.69+1.18ab 5.6120.36bc 4.15+0.37¢ *

“This value is the maximum of the day.

YStatistical significance was set at p < 0.05. Values are means + standard deviations (n=6).
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Fig. 1. Chlorophyll contents in Iris laevigata under different shading treatments. Statistical significance was set at p < 0.05 and
vertical bars represent standard deviations (n=3).
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Fig. 2. Maximum quantum efficiency of PSII photochemistry (Fv/Fm) and Nonphotochemical chlorophyll fluorescence quenching
(NPQ) of Iris laevigata under different shading treatments. Statistical significance was set at p < 0.05 and vertical bars represent
standard deviations (n=6).
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Fig. 3. Photosynthesis curves (a), and A-Ci curves (b) of Iris laevigata under different shading treatments. Vertical bars represent
standard deviations (n=6).
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o] ZHFS3 A (light—response curve)= AHAl511(Fig, 3a), ©| oA 7HE #A vehdal v ' 27t w3k 50%9F
£ 0] 835}0] T &4 (dark respiration; Ry), SFEAF(light 75% APgA e o A 9] R fE- S R H T QoL = A
compensatlon point; LCP), 334 (light saturation point; g| 7tof| afol= it

JM{ Y3345 (maximum photosyntheticsis rate; Pey), Al oloﬂ =719 CO, FE=5 FElste] 5% 3?“5_}
-r‘okxl‘ -2 (apparent quantum yield; AQY)S AM=s}oich Ll o) N —J—’r@/\éd,—/ﬂ(A —Cf curve) 0.2 VERJ 11(Fi
(Table 2), A|B]5ZLo] o} T 2342 g]of ke g-oju] 3b), ol EEHE 354 (photo-respiration rate; Ry), COZ

gk zto| 7} ¢lolar, ARgA e “é HAPA I} sk E51 G0 HAFA(CO, compensation point; CCP), CO,3E3H4(CO, satu—

|3t 2jo]7} QAT FHAEEE 75% AFgA oA 7 = ration point; CSP), 2|t} 33%}/d< = (maximum photosynthesis
Al Ve 95% 23R 2o A 7 A vEbd T di xRt rate; Pmw), BFA117% F-8(carboxylation efficiency; CE)&
50% ARFA 2ol A o] F A e 75% AgA] 2ol s Wk AFESHITHTable 3), FRHAT 2] CO—FFATAS

Table 2. Photosynthetic characteristics of Iris laevigata in response to shading treatments estimated from photosynthesis curves. /
laevigata grown in 75% shading had the highest Pxmax, €ven though the maximum PAR during the day was below the LSP.

Photosynthetic Shade Level (%)
characteristics” 0 50 75 95
Rq4 0.45+0.13a 0.35+0.17a 0.35+0.09a 0.36+£0.24a
LCP 10.00+£2.83a 6.00+4.24a 6.00£3.12a 10.00+£8.25a
LSP 555.67+£38.38a 558.33+£18.12a 579.25+£32.18a 516.00+49.16a
Prmax 5.224+0.76ab 5.62+0.54ab 6.20+0.89a 4.81£1.10b
AQY 28.62+2.98ab 25.59+1.23b 24.41+£2.13b 33.15+7.32a

"Dark respiration; Ry [umol (CO») m? s"], light compensation point; LCP [umol m? s"], light saturation point; LSP [umol
m? s, maximum photosynthesis rate; Pmax [mol (CO,) m™ s™'], 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 Schefte’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=6).

Table 3. Photosynthetic characteristics of Iris laevigata in response to shading treatments estimated from 4-Ci curves.

Photosynthetic Shade Level (%)
characteristics” 0 50 75 95
R, 2.94+0.46a 2.454+0.36a 2.914+0.49a 2.50+0.23a
CCP 89.78+3.23a 91.60+2.10a 87.98+5.17a 91.58+3.81a
CSP 303.02+15.18a 288.33£17.56a 313.75£16.30a 297.31+19.70a
Primax 8.66£1.59a 7.90+0.37a 8.77+1.15a 7.02+0.78a
CE 0.03£0.01a 0.02+0.00a 0.03+0.00a 0.02+0.00a

“Photo-respiration rate; R, [umol (CO,) m? s, CO2 compensation point; CCP [umol (CO,) m™ 5], CO, saturation point;
CSP [umol (CO,) m? '], maximum photosynthesis rate; Pama [Lmol (CO,) m™ s™'], carboxylation efficiency; CE [pmol
(CO2) 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=6).
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Fig. 4. Stomatal conductance (a), transpiration rate (b), and (c) water use efficiency of Iris laevigata under different shading

treatments. Vertical bars represent standard deviations (n=6).
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Fig. 5. Heatmap of Pearson correlation analysis of growth and physiological characteristics of /ris laevigata in response to shading
treatments. Closer to white indicates a positive correlation and closer to black indicates a negative correlation. (RLI; relative light
intensity, LMA; leaf mass per area, Chl; chlorophyll contents; Fv/Fm; maximum quantum efficiency of PSII photochemistry, NPQ;
nonphotochemical chlorophyll fluorescence quenching, Rd; dark respiration, LCP; light compensation point, LSP; light saturation
point, PNmax_L; maximum photosynthesis rate in photosynthesis curves, AQY; net apparent quantum yield, Rp; photo-respiration
rate, CCP; CO, compensation point, CSP; CO, saturation point, PNmax_C; maximum photosynthesis rate in A-Ci curves, CE;

carboxylation efficiency).
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