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Comparative Analysis of Physiological Responses in 16

Landscape Plant Species under Waterlogging Stress
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k7 R H K Pinus bungeana. B Juniperus chinensis, ¥4 Pinus tabuliformis.

W44 Platycladus orientalis, ¥ W 7% K& M Styphnolobium japonicum. ¥i4&#) Populus

alba var. pyramidalis. FEW Fraxinus chinensis; T sF & 1% M 7= A B R 75 Ginkgo

biloba. 78 Koelreuteria paniculata, . fii W Acer pictum subsp. mono, 2 Ml Salix

matsudana, TEMERAE KT Cotoneaster multiflorus, ©HB %L Lonicera maackii; Tif
ViSRRG B8k Prunus persica ‘Duplex” %H(éﬁﬁf—%TéSynnga oblata. %

#® Forsythia suspensa.

Abstract Keywords

To scientifically identify waterlogging-tolerant plant species for sponge city green Landscape plants; Waterlogging
infrastructure in Shanxi Province, a controlled waterlogging experiment was conducted stress; Physiological response;
on 16 common landscape plant species in Shanxi. The dynamic changes in key Waterlogging tolerance; Sponge

physiological indices—free proline (Pro) and malondialdehyde (MDA) content, along
with relative electrical conductivity in leaves—were systematically monitored, and a
comprehensive evaluation was performed using the membership function method.
Based on the morphological performance of each plant during the experiment (such as
leaf yellowing, wilting, shedding) and the results of the subordinate function evaluation,
the waterlogging tolerance of the tested plants was classified into three categories.
High tolerance: evergreen trees include Pinus bungeana, Juniperus chinensis, Pinus
tabuliformis and Platycladus orientalis; deciduous trees include Styphnolobium
Jjaponicum, Populus alba var. pyramidalis, and Fraxinus chinensis. Moderate tolerance:
deciduous trees include Ginkgo biloba, Koelreuteria paniculata, Acer pictum subsp. mono,
and Salix matsudana; deciduous shrubs include Cotoneaster multiflorus and Lonicera
maackii. Low tolerance: deciduous trees include Prunus persica ‘Duplex’ ; deciduous
shrubs include Syringa oblata and Forsythia suspensa.
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Tab.1 Experimental plant species and specifications

FS  EYME g ESit)
1 JHAR Pinus tabuliformis
2 BURZHA Pinus bungeana N
) ) BE=20m, #E=>3.0cm BETAR
3 MIAE Platycladus orientalis
4 &8 Juniperus chinensis
5 $RZ Ginkgo biloba f9E=4.0cm, Htm=2.0m
6 18 Styphnolobium japonicum 92> 4.0cm, HEES=22m
7 ik Prunus persica ‘Duplex’ #iE>3.0cm, FFH=05m
8 #8817 Populus alba var. pyramidalis n
, SEIHTRR
9 2400 Salix matsudana
10 I8 Koelreuteria paniculata f9#E>4.0cm, HER=22m
11 FA Acer pictum subsp. mono
12 BB Fraxinus chinensis
13 k#8F Cotoneaster multiflorus HE=> 1.0m, FRH=4
14 ERBEL Lonicera maackii EHm=>1.0m, ER#H=5 -
) e ) EEAR
15 KT & Syringa oblata mE=> 1.0m, FiEE=>3
16 & Forsythia suspensa HE=> 1.0m, F =3
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Fig.1 Changes in proline content of 16 landscape plant species under waterlogging stress
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Tab.2 Changes in proline content of 16 plant species

ML pgeg !

b CK 2d 4d 6d 8d 10d 12d 14d

JHAL 20.68+2.84d 21.36%£0.80cd  23.69£1.19cd 27.31£3.33c 35.914+3.39b 42.85+4.89a 45.20£5.68a 46.26+5.92a

B 15.31£2.45d 14.40+1.84d 20.27%0.83¢ 27.09%+2.67b 42.78+2.48a 47.64+5.20a 47.01£7.55a 48.64+7.28a
M+a 23.29+2.87e 23.71%£1.47e 27.954+1.23d 25.31%+1.15de  35.01%£1.37c 43.78+1.25b 46.02+4.84b 55.79+4.16a

yiE] 25.82+3.14e 25,72+ 1.44e 28.1940.83e 27.60%0.80e 31.52+1.44d 36.1142.05¢ 41.59+1.03b 47.07+251a
R 9.57+3.63f 7.94+1.14f 15.57£0.61e 22.61+1.25d 32.19%0.69¢ 35.01%+1.47bc  35.63%£2.69b 41.81+3.23a
1% 8.77£2.63d 9.64+1.48d 10.00£1.12d 22.67+1.31c 26.35%+1.89b 33.76%+1.60a 32.43+2.75a 35.20+3.36a
£k 9.79%1.63c 10.71+1.85¢ 15.58+1.46b 21.32%1.72a 9.28+1.04c - - -

aED 17.86£2.98e 18.241+0.80e 19.79+0.51e 24.96+0.64d 34.29+3.47c 41.05%+3.09b 45.95+0.51a 47.81%+2.13a
10 13.88£1.40d 13.95+0.59d 20.83£0.67c 23.47%0.23b 26.97%0.71a 25.87%2.71a 26.39+t1.37a 26.33*+1.11a
Ix 15.89£2.53e 16.91+0.69¢ 20.99£0.93d 29.17£1.79¢c 36.641+2.32b 38.83*t1.33ab  40.32£0.56a 37.25+1.71b
Eab=] 12.24+2.72¢ 14.13+0.99de  16.5941.25d 23.52+0.88c 32.9940.75b 32.11%£1.23b 35.60*1.52a 32.03%+1.15b
=LET) 22.98+12.70ef  21.44£1.52f 25.59£t1.95de  27.04£1.84d 28.05+0.77d 33.99£1.29¢ 38.44%2.76b 42.33%+2.73a
KHgF 17.32%+2.12¢ 15.97+3.01e 2141%£149cd  23.36£2.80c 35.41%0.61b 38.82£2.98b 45.611+4.33a 45.52+6.73a
BRBL 16.72+2.56d 17.25+2.83d 22.67£1.65bc  21.12+2.24c 23.6520.77bc  24.43%1.15b 28.24%1.52a 30.45%0.43a
ESE 11.57+4.57d 12.12+2.28d 12.33£0.09d 17.99£0.83c 19.55+2.59¢ 24.85+t1.57a 23.75+2.37ab  20.65%0.87bc
ez 9.43%1.29d 8.06£1.18d 16.29+0.95¢ 21.88%1.24b 27.13%£2.79a 25.76£0.52ab  23.47£1.15b -

i ARNGFRFREREF (P<0.05), T,

3 16 MY RS R AR
Tab.3 Changes in malondialdehyde content of 16 plant species
Bf7: umol-g *

g CK 2d 4d 6d 8d 10d 12d 14d

PN 2.59%0.36d 2.67%0.10d 3.00£0.15¢ 3.25%+0.18bc 3.20%0.06bc 3.11%+0.08¢c 3.40%£0.16b 3.75%+0.06a
H AL 1.91£0.31d 1.80%+0.23d 2.53%0.10c 2.55%0.12¢ 2.54£0.07c 2.75%0.10bc 2.96%0.17ab 3.16%0.08a
g 2.881+0.39% 2.9610.18e 3.491£0.15d 3.16%0.14de 4.02£0.09¢c 4.38£0.18bc 4.4510.34b 5.23%0.40a
B8 3.10%0.62d 3.2610.26cd 3.5240.10bc 3.45%0.10bc 3.61%0.16bc 3.60%0.09bc 3.74%0.08ab 4.131+0.21a
RE 1.13%0.35d 1.00+0.15d 1.95+0.08¢c 2.83+0.16b 3.65+0.14a 3.48%+0.20a 3.63+0.10a 3.10%0.02b
# 1.06%0.28¢c 1.16%+0.15¢ 1.25%0.14c 2.83+0.16b 3.29%+0.24a 2.97+0.20b 3.05%+0.16ab 2.90+0.23b
=k 1.44£0.44bc 1.30+0.18¢ 2.06%0.17ab 2.67£0.22a 1.16£0.13c - - -

Wy 2.23+0.37e 2.28+0.10de 2.47%0.06d 3.124+0.08¢c 3.451+0.07ab 3.09%0.08¢c 3.242£0.06bc 3.641+0.07a
1 1.74%0.18d 1.78+0.11d 2.60%0.08c 2.91£0.04b 3.3610.09a 3.231£0.08a 3.35%+0.13a 3.284+0.10a
I 1.9940.32e 2.11%0.09¢ 2.62+0.12d 3.651+0.22¢ 4.58%0.29b 4.8510.17ab 5.04%+0.07a 4.661+0.21b
Eay=clid 1.53%+0.34e 1.77+0.12de 2.07%0.16d 2.94+0.11c 4.12£0.09b 4.01£0.15b 4.45%0.17a 4.00£0.14b
SLEs) 2.87%0.34d 2.68+0.19d 3.1940.26c 3.38%£0.23c 3.42%0.13c 3.96%0.15b 4.35%0.12a 4.38%+0.22a
kg7 2.061+0.39f 2.08+0.21f 2.761+0.04e 3.174+0.15d 4.43£0.08¢c 4.67£0.19bc 4.951£0.35b 5.34£0.33a
SWRBL 2.09+0.32d 2.16%0.35d 2.831+0.21bc 2.64£0.28¢c 2.9610.10bc 3.05%0.14b 3.53%0.19a 3.811+0.05a
EJES 1.40%0.43d 1.56+0.33d 1.45%0.15d 2.22+0.20c 2.44%+0.32bc 3.27%+0.15a 3.01+0.14a 2.64£0.14b
b)) 1.1940.16d 1.04%+0.19d 2.04%0.11c 2.71%+0.13b 3.52+0.22a 3.34%+0.31a 2.93£0.14b -
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Fig.2 Changes in malondialdehyde content of 16 landscape plant species under waterlogging stress
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Fig.3 Changes in relative electrical conductivity of 16 landscape plant species under waterlogging stress
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Tab.4 Changes in relative electrical conductivity of 16 plant species

DSk CK 2d 4d 6d 8d 10d 12d 14d

S 0.297+0.028d  0.292+0.024d 0.316+0.009bcd  0.310+0.009cd  0.324+0.014b  0.323+0.009bc  0.336+£0.007b  0.371£0.019a
B 0.189£0.012d  0.162£0.021e 0.22740.009c  0.229+0.011c  0.228+0.006c  0.247£0.009bc  0.266+0.015ab 0.278+0.013a
i+a 0.221£0.010d  0.207%+0.013d 0.244%£0.011d 0.221£0.010d  0.281£0.006c  0.306%+0.013b  0.311£0.024b  0.366%0.028a
s} 0.200£0.011f  0.239£0.008e 0.270+0.014d  0.292+0.016bc  0.287+0.006cd  0.279+0.007cd  0.306+£0.014b  0.3370.005a
e 0.129£0.020e  0.139£0.020e 0.272+0.011d ~ 0.395+0.022c  0.510£0.012ab 0.486+0.029b  0.507£0.015ab 0.534=%0.003a
1% 0.161£0.008c  0.162£0.021c 0.175+0.019c  0.396+0.023b  0.461+0.033a  0.415+0.028b  0.427£0.023ab  0.406-£0.032bc
2k 0.349+0.044c  0.389+0.053c 0.618+0.051b  0.799+0.065a  0.679+0.008ab - - -

¥EEH  0.282+0.027de 0.273+0.012e 0.29740.008d  0.374%0.010c  0.414+0.009b  0.370+0.009c  0.389%0.008c  0.437+£0.008a
240 0.269+0.008d  0.266+0.016d 0.391+0.013c ~ 0.437£0.005b  0.504+0.014a  0.485+0.013a  0.503£0.020a  0.492+0.015a
b 0.161+£0.012e  0.169+0.007e 0.209+0.010d  0.291+0.018c  0.366£0.023b  0.388+0.013ab 0.403+£0.005a  0.372%0.017b
HMAE 0211+0.013e  0.212+0.014e 024840.019d  0.352+0.014c  0.494+0.011b  0481+0.018b  0.533+0.023a  0.493+0.030b
BiEH 0.260£0.288d  0.241£0.017d 0.28740.024cd  0.304+0.021c  0.307£0.012c  0.355+0.014b  0.391£0.011a  0.394%0.020a
KHF  0179+0.015f  0.166+0.017f 02214+0.003e  0.253+0.012d  0.354+0.006c  0.374+0.016bc  0.396+0.028b  0.427+0.026a
SIRFL 0.282+0.037d  0.280+0.046d 0.36820.027bc  0.343+0.037c  0.384%+0.013bc  0.397+0.019b  0.458+0.024a  0.494+0.007a
¥TE  0278+0036d  0.311+0.065d 029010.016d  0.4441+0.040c  0.489+0.065bc  0.655+0.029a  0.602+0.028a  0.528+0.028b
EH 0.193+0.018d  0.176+0.033d 0.347+0.019c  0.460+0.022b  0.597+0.038a  0.567+0.053a  0.498+0.024b -
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Tab.5 Membership function values of each measured indicator for 16 plant species

i HIER HEREREE R_EaE  AWBESX DfE Hr
B 0.908 0.617 1.000 0.842 1
(Y| 0.947 0.129 0.813 0.630 2
BEAA
SHFL 0.885 0.335 0.668 0.629 3
Mia 1.000 0.000 0.844 0.615 4
% 0.412 0.722 0.717 0.617 1
G2 0.817 0.431 0.586 0.611 2
=EE) 0.766 0.148 0.738 0.551 3
RE 0.535 0.584 0.484 0.534 4
SERHITAR
8 0.732 0.062 0.756 0.517 5
R 0.540 0.363 0.463 0.455 6
S0 0.371 0.483 0.318 0.391 7
21k 0.000 1.000 0.000 0.333 8
KIEF 0.769 0.067 0.731 0.522 1
FRBL 0.439 0.445 0.470 0.451 2
SEEAR
ez 0.201 0.679 0.364 0.415 3
ETE 0.152 0.751 0.208 0.370 4
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