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ABSTRACT

In this study, drought and waterlogging tolerance of five native perennial species (Aster koraiensis, A. maackii, A.
spathulifolius, Hemerocallis hakuunensis, and H. thunbergii) were examined in the context of selecting climate change adaptive
garden plants. Two levels each of drought (watering at the wilting point; watering three days after wilting) and waterlogging
(a 4-day waterlogging/3-day drainage cycle; a 7-day waterlogging/drainage cycle) were applied for five weeks, and
physiological and growth responses were investigated. A. koraiensis responded negatively to both drought and waterlogging,
whereas 4. maackii showed a negative response only to waterlogging. In contrast, no significant differences was observed
under both drought and waterlogged conditions in A. spathulifolius, and delayed leaf senescence under waterlogging was
observed in H. hakuunensis and H. thunbergii. Comparisons of stress tolerance coefficients among the five species indicated
that compared to the other species examined, A. koraiensis and H. thunbergii were less drought tolerant, and H. hakuunensis
was more waterlogging tolerant. Consequently, excluding A. spathulifolius, the physiological and growth response of which
to the treatments may have been suspended and could not be observed within the timeframe of the experiment due to

its species traits, H. hakuunensis could be considered to be a climate change adaptive garden plant.
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Table 1. The physiological response of five species of native perennials subjected under five differing watering treatments of conventinal
watering (Control), moderate drought (MD), severe drought (SD), short interval cyclic waterlogging (SW), and long interval cyclic
waterlogging (LW)

Tiegic Photosynthesis (umol CO; m?s™) Fu/Fm
Species SPAD
ment | 15t week | 2nd week | 3rd week | 4th week | 5th week | 1st week | 2nd week | 3rd week | 4th week | 5th week

Control | 6.77+1.868" | 85422.92a | 6.76+1.37 | 480t073a | 2.80+1.61|0.80+0.02| 0.82+0.01| 0.82+0.01|0.74+0.11| 0.82+0.01 | 439443 Ha

MD  |5.19t099b|444+2.880c| 8124208 | 2.16+1.20b | 2.88+0.68 | 0.80+0.01 | 0.82+0.01| 0.81+0.00| 0.81+0.01| 0.81+0.01 | 34.22+7.14b

f;:/r'ens/s SD | 3504065 | 2.704084c | 6134084 | 2.13+1.27b | 1.94+0.45|0.80+0.01 | 0.81£0.01 | 0.81+0.01|0.80+0.02 | 0.81+0.01 | 31.63+4.94b
SW | 418+1.23p (4.34+1460c| 5574146 | 2.55t0.85b | 4.07+1.02| 0.80+£0.01|0.81+0.01|0.81+0.01|0.80+0.03 | 0.81+0.01|37.16¢3.24b
LW | 40441.22b [584+1.73ab| 594+1.73 | 33340500 | 3.03+0.86|0.81+0.01 | 0.81+0.01| 0.81£0.01 | 0.80+0.02 | 0.82+0.01 | 37.80+4.83b

Significance D * ns *k ns ns ns ns ns ns *
Control | 63069 | 524+1.59 | 504+1.27b | 5.21+1.52a | 3.65+0.80a| 0.81+0.01 | 0.80+0.02 | 0.80+0.02 | 0.80+0.01 {0.80+0.00a| 31.9+5.62
MD | 5424101 | 405+149 | 7.25+1.24a | 470+1.96a |4.67+1.33a| 0.81£0.01 | 0.81+£0.00 | 0.81£0.01 | 0.79£0.03 | 0.5740.22b| 32.642.25
Aster B SD | 600046 | 370165 | 7.1620.82a | 2.86+0.81bc|4.32+1.32a| 0.80+0.02 | 0.81+0.01 | 0.80+0.01 | 0.79+0.01|0.8140.02a| 33.8+1.38
maacks SW | 618111 | 3274138 | 393+068b | 148t097c | 1.23+0.58b| 0.80+0.01| 0.81+0.01| 0.80+0.01 | 0.78+0.02 | 0.7940.03a| 34.2+3.19
LW | 449219 | 475+191 | 6.82+1.46a A'A&S'SM 3.65#0.52a(0.81+0.01 | 0.81+0.00| 0.80+0.02 | 0.790.01 | 0.8040.00a| 34.5+2.54

Significance ns ns *kk *kk *kk ns ns ns ns *k ns
Control | 4.20+1.93 | 4.45+3.32 | 4.65+1.73| 3.33+1.67 | 3.36+2.08 | 0.80+0.01 | 0.80£0.01 | 0.79+0.02 | 0.79+0.01 | 0.79+0.02 | 41.0+2.43
Ister MD  [2.93+1.23|2.50+1.20 | 3.46+0.86 | 1.83+1.34|2.21+0.61 | 0.80+0.01 | 0.80+0.01 | 0.79£0.02 | 0.79+£0.03| 0.79+0.01| 36.2+1.53

soathuli- SD  [3.61%£1.39|3.67+2.07|3.11£1.11| 1.20+0.85| 3.02+1.30| 0.80+0.01| 0.81+0.01 | 0.79+0.01 [ 0.78+0.01| 0.72+0.16 | 40.7+1.58
folius

SW | 2.3040.61|2.4440.50 | 2.5740.57| 1.5440.65| 1.86+0.12| 0.80+0.01| 0.80+0.00| 0.7740.02 | 0.78+0.01| 0.7840.02 | 37.7+4.59

LW ]2.03£0.80|3.12+0.98|3.96+2.05| 1.97+1.55| 1.82+0.53 | 0.80£0.01 | 0.80+£0.01 | 0.79£0.02 | 0.77£0.05| 0.79£0.01 | 43.0£6.52

Significance ns ns ns ns ns ns ns ns ns ns ns

Control | 2.8740.54| 4.36+0.80 | 2.61+0.73 | 3.96+0.85 | 2.40+0.73 | 0.80+0.00 | 0.81+0.00| 0.81+0.01 | 0.79+0.01| 0.81+0.01 | 36.9+3.18

MD |2.79+0.35|3.78+0.39|1.93+0.35|2.49+0.74|0.91+0.46 | 0.81+0.01| 0.80+0.01 | 0.81+0.01 | 0.79£0.01 | 0.82+0.01 | 32.3+1.85
Hemeroca-|

lis hakuu-|  SD | 2.55£0.10(4.29+0.79 |2.07+0.70| 2.63+0.80| 1.33+0.90| 0.80+0.01 | 0.81+0.01 | 0.81+0.01 | 0.80+0.02 | 0.81£0.01 | 37.5+1.72
nensis

SW | 2.3640.17|4.05+0.78 | 1.9810.66| 3.514£1.33| 1.60+1.02| 0.80+0.01| 0.80+0.01| 0.80+0.01 | 0.80+0.01| 0.8140.01| 31.0+9.34

LW 12.560.85|4.10£0.49|2.18+0.47 | 2.87+0.35| 1.93£1.08 | 0.80£0.01 | 0.81£0.01 | 0.80£0.00 | 0.79£0.02 | 0.81£0.01| 35.8+2.53

Significance ns ns ns ns ns ns ns ns ns ns ns

Control | 3.02+0.43 | 4.90+0.57 | 2.81+0.63 | 3.8540.16a | 2.86+0.32 | 0.81+0.01 | 0.81+0.01a| 0.80+0.01 | 0.80+0.02 | 0.82+0.00 | 37.0+1.79%

MD |2.9240.72|4.0140.89 | 1.73+1.04 | 2.70+1.09%c| 2.05+1.42 | 0.80+0.00 | 0.8140.01a| 0.84+0.08 | 0.80+0.01 | 0.81+0.00 | 36.2+2.44a

Hemeroca-|
Mis thun- SD  3.22+1.14|4.47+1.40|2.19+0.66 | 1.83+0.91c| 1.30£1.49| 0.80+0.01 | 0.81+0.01a| 0.80+0.01 | 0.79+0.02 | 0.81+0.01 | 28.9+6.87b
bergii

SW |3.27+0.51|4.23+0.91|2.31+0.50 | 3.2740.83ab| 2.89+0.53| 0.80+0.01|0.80+0.01b| 0.80+0.02 | 0.79+0.00 | 0.81+0.01 | 37.4+3.28a

LW |2.58+0.58|4.38+0.65|2.61+0.93 |3.16+042ab| 2.77+0.97 | 0.80+0.01|0.79+0.01b| 0.80+£0.02 | 0.79+0.02 | 0.81+0.01 | 32.3+2.80ab

Significance ns ns ns *k ns ns * ns ns ns *%

? Values are meanstSD (n=5); values designated with the same letter within columns are not significantly different according to Duncan's
multiple range test at p<0.05.
® Represents no significance (ns), significance at p<0.05 (*), p<0.01 (**), and p<0.001 (***) based on ANOVA.
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A. Aster koraiensis
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Figure 2. The growth response of five species of native perennials subjected under five differing watering treatments of conventinal
watering (Control), moderate drought (MD), severe drought (SD), short interval cyclic waterlogging (SW), and long interval
cyclic waterlogging (LW); each column denotes means+SD (n=>5); columns designated with the same letter within a group are
not significantly different according to Duncan’s multiple range test at p<0.05.
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Table 2. The fresh and dry weight of shoots and roots, root-to-shoot ratio (R/S ratio), and number of overwintering buds of five species
of native perennials subjected under five differing watering treatments of conventinal watering (Control), moderate drought (MD),
severe drought (SD), short interval cyclic waterlogging (SW), and long interval cyclic waterlogging (LW)

Fresh weight (g) Dry weight (g)
Species | Treatment R/S ratio Bud no.
Shoot Root Shoot Root
Control | 22.10£3.478 | 16.36+2.17a 3.55+0.50a 3.25¢021a 0.92+0.10 4.6+2.07a
MD 11.9446.46cd | 12.6143.10b 2890 74a 2.410.68b 0.84+0.14 2.2+134b
Aster D 9.11+4.25d 9.55+1 82¢ 1.9440.45b 1.95+0.40b 1.0240.16 2.2+0.84b
koraiensis
SW 14.9142.31bc | 13.10+1.02b 2.85+0.50a 2.36£0.22b 0.85+0.15 5.0+2.45a
LW 17.7942.64ab | 12.69+2.42b 3.33+0.46a 2.44+0 46b 0.74+0.17 1,6+0.89b
Significance oD *k * ok ok *k ns *
Control |  4.44+2 31 6.12+1 44a 1.40+0.66 1.4840.42a 1.16+0.30a 5.041.58a
MD 2864101 5.15¢1.97a 0.93:0.29 1.2740.43ab 1.3740.26a 5.61.82a
Aster D 4.02+0.95 6.33+1 25a 1.4340.29 1.6140.36a 1.1240.10a 4,440,553
maackii
SW 378134 3.03+0.89b 1.3940.40 0.53+0.18¢ 0.39+0.10¢ 14+1.67b
LW 4.91+1.84 4.39+1 40ab 1.4240.50 0.97+0.26bc 0.71+0.14b 4.842.22a
Significance ns * ns *okk *okk *
Control |  10.98+5.14 7.62¢3.47 2254114 1.58+0.64 0.73+0.15 3.442.07
MD 11.83+1.94 7.22+0.84 2.46:0.17 1.63£0.22 0.66£0.09 12268
Aster D 9.33+3.69 5.42+1 91 2.01+0.99 1.2440.41 0.66+0.19 0.6+0.55
spathulifolius
SW 7.5143.20 7.03+3.81 1.65+0.45 1.28+0.63 0.85:0.57 6.0+4.47
LW 10.78+4.31 6.41+2.56 2.2140.74 1.1740.42 0.53:0.07 4.843.77
Significance ns ns ns ns ns ns
Control |  2.63+0.30b 18.2142.41b 0.52+0.07b 3.99+0.46b 7.69+0.91 <
MD 2.61+0.50b 14.38+6.20b 0.52+0.07b 3.50+1.57b 6.84+334 -
Hemerocalls| 2.71+0.64b 16.50+3.08b 0.54+0.12b 3.90+1.11b 7.47+2.10 -
hakuunensis
SW 5.33+1.55a 28.51+7.56a 1.1340.40a 6.51+2.19% 6.16+2.67 -
LW 3.90+179ab | 28.55+554a 0.78+0.34b 6.20+1.88a 9.4445 50 -
Significance *% *k Kk *% * ns -
Control | 4.87+1.26a 18.26+2.98 1.3940,39% 4744139 3.43+0.62 -
MD 3.03+1.18bc 14.93+4.50 0.77+0.32b 3.20£0.96 4714243 -
Hemerocalls| ¢ 1.7940.92¢ 12.8144.14 0.57+0.20b 2.89+1.07 5.74+3.17 -
thunbergii
SW 5.21+1.66a 18.8242.43 1.48+0.55a 4.58+1.20 3.3140.87 -
LW 3.93+1.09ab 19.1848.91 1,00£0.29ab 4534185 4.63+1.86 -
Significance *% ns *% ns ns -

? Values are meanstSD (n=5); values designated with the same letter within columns are not significantly different according to
Duncan's multiple range test at p<0.05.

b Represents no significance (ns), significance at p<0.05 (*), p<0.01 (**), and p<0.001 (***) based on ANOVA.

¢ No data measured due to no development of below ground overwintering buds distinguished from above ground shoots.
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Table 3. The STC (stress tolerance coefficient) of five species of native perennials subjected under differing watering treatments of
moderate drought (MD), severe drought (SD), short interval cyclic waterlogging (SW), and long interval cyclic waterlogging (LW)

Drought treatments Waterlogging treatments
Species
MD SD Overall SW LW Overall
Aster koraiensis 0.78+0.20° 0.57+0.11 0.68+0.19b 0.77+0.09 0.85+0.09 0.81+0.10b
Aster maackii 0.76+0.24 1.05+0.22 0.91£0.27a 0.67+0.19 0.83+0.25 0.7440.22b
Aster spathulifolius 1.07+0.08 0.85+0.35 0.96+0.26a 0.76+0.20 0.88+0.30 0.82+0.24b
Hemerocallis hakuunensis 0.89+0.35 0.98+0.25 0.94+0.29a 1.69£0.51 1.55+0.46 1.62+0.46a
Hemerocallis thunbergii 0.65+0.17 0.56%0.16 0.61%0.16b 0.99+0.26 0.90+0.32 0.9540.28b
Significance ns® ns * ok ok ns ns *

? Values are meanstSD (n=5 for each treatment, n=10 for overall); values designated with the same letter within columns are not
significantly different according to Duncan's multiple range test at p<0.05.
b Represents no significance (ns), significance at p<0.05 (*), p<0.01 (**), and p<0.001 (***) based on ANOVA.
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