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Comprehensive Tolerance Evaluation of Six Roof Greening Plants
Under Combined Stresses of High Temperature and Drought
LIANG Wei’, ZHEN Long-xia

Hebei Academy of Fine Arts, Xinle 050700, China

Abstract: High temperature and drought are the primary factors restricting the growth and development of greening plants in
summer roof environments. To screen suitable greening plants for roof planting, Ligustrum X vicaryi, Nandina domestica,
Photinia x fraseri, Alternanthera bettzickiana, Callisia repens, and Mesembryanthemum cordifolium are used as experimental
materials. High-temperature and drought stress are simulated in an artificial intelligence climate chamber to measure
morphological and physiological indicators such as plant height, whole-plant biomass (dry weight), leaf relative water
content, chlorophyll content, net photosynthetic rate (P,), stomatal conductance (G,), relative electrical conductivity,
malondialdehyde (MDA) content, and antioxidant enzyme activities. The tolerance of the six greening plants is
comprehensively evaluated using the membership function method. The results show that the combined stress of high-
temperature and drought can significantly reduce the plant height, whole-plant dry weight, leaf relative water content,
chlorophyll content, P

n?

and G, of the greening plants, while significantly increasing the leaf relative electrical conductivity,
MDA content, superoxide dismutase (SOD) activity, peroxidase (POD) activity, and catalase (CAT) activity.
Mesembryanthemum cordifolium exhibits the greatest indicator changes, with reductions of 14.89%, 15.79%, 29.48%,
14.25%, 16.62%, and 17.04% in plant height, whole-plant dry weight, leaf relative water content, chlorophyll content, P,
and G, respectively; and increases of 16.12%, 14.68%, 80.93%, 75.35%, and 69.41% in relative electrical conductivity,
MDA content, SOD activity, POD activity, and CAT activity, respectively. The average membership function values of the
six roof greening plants are 0.73, 0.23, 0.74, 0.00, 0.70, and 0.95, respectively. In conclusion, the tolerance to the combined
stress of high-temperature and drought, from strongest to weakest, is Mesembryanthemum cordifolium, Photinia x fraseri,
Ligustrum x vicaryi, Callisia repens, Nandina domestica, and Alternanthera bettzickiana. This study provides a scientific
basis for selecting greening plants suitable for planting in high-temperature and drought-prone summer roof environments,
which can help improve the success rate and ecological benefits of roof greening.
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Fig. 1 Effects of combined high temperature and drought stresses on plant height and dry weight of six rooftop

greening plant seedlings
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Table 1 Membership function values and one-way analysis of variance results of six rooftop greening plants under
high temperature and drought stress

st BT FRT AL i FETRE Lo H e P{E
N
| dE_I /t Ligustrum Nandina Photinia x  Alternanthera ~ Callisia ~ Mesembryanthemum P
ndicator
x vicaryi domestica fraseri bettzickiana repens cordifolium value
73
0.61 0.33 1.00 0.00 0.47 0.75 <0.05
Plant height
R
0.63 0.21 1.00 0.00 0.37 0.75 <0.05
Whole-plant dry weight
AR K
0.62 0.24 0.92 0.00 0.28 1.00 <0.05
Leaf relative water content
e
0.76 0.16 1.00 0.00 0.73 0.95 <0.05
Chlorophyll content
Ao AR
0.77 0.29 0.96 0.00 0.86 1.00 <0.05
Net photosynthetic rate (P,)
ALTE
0.68 0.26 0.86 0.00 0.88 1.00 <0.05
Stomatal conductance (G,)
MDA 0.83 0.39 0.75 0.00 0.92 1.00 <0.05
FEROL TR
0.85 0.26 0.46 0.00 0.91 1.00 <0.05
Relative electrical conductivity
SOD 0.84 0.19 0.35 0.00 0.74 1.00 <0.05
POD 0.65 0.11 0.42 0.00 0.78 1.00 <0.05
CAT 0.80 0.13 0.45 0.00 0.75 1.00 <0.05
TSR R
Average membership function 0.73 0.23 0.74 0.00 0.70 0.95
value
Hoy
3 5 2 6 4 1
Rank
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Table 2 Pearson correlation coefficient matrix among indicators

E=( 7 IEIP e g SALTEE MDA it I AE X K
Indicator Net photosynthetic rate (P,)  Stomatal conductance (G,) MDA content Leaf relative water content
Ol A A
o 1.00 0.89%* —0.72%* 0.85%*
Net photosynthetic rate (P,)
LT
0.89%** 1.00 -0.68** 0.81%#*
Stomatal conductance (G,)
MDA & &
—0.72%* -0.68%* 1.00 —-0.91**
MDA content
A AR B K
0.85%* 0.81%* -0.91%* 1.00

Leaf relative water content

VE LR P<0.01, BE R,

Note: ** represents P<0.01, indicating a significant correlation.
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