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Abstract: Frequent extreme high temperature and heat waves seriously threaten the growth and survival of urban
plants. The heat resistance of leaves can reflect the tolerance and adaptability of plants to heat stress. Exploring

the relationship between leaf heat tolerance and their structural traits in urban garden tree species can reveal the
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ecological adaptation strategies of urban plants under heat stress, thereby enhancing the predictive ability of their
responses and adaptations to high temperatures. This study took 10 common urban garden tree species in
Chonggqing (3 species of Ficus from Moraceae, 4 species of Magnolia from Magnoliaceae, and 3 species from
Rosaceae) as research subjects, comparing their leaf damage rates, heat tolerance, and structural traits during the
2022 heatwave event, and analyzing their different heat adaptation strategies. The results showed that there was a
significant negative correlation between leaf damage rate and heat tolerance under natural heatwaves. The leaves
of Ficus species from Moraceae had higher heat tolerance, resulting in lower leaf damage rates; while Magnolia
species and Rosaceae species had lower heat tolerance, but they might avoid heat stress through adaptation
strategies such as changing leaf inclination angles and shedding leaves during heatwaves. Additionally, heat
tolerance was significantly negatively correlated with leaf area, upper epidermis thickness, and the ratio of
palisade to spongy tissue thickness. These traits can predict leaf heat tolerance relatively well. Therefore, the study
of heat adaptation strategies of three typical urban garden woody plants under heatwaves is of great significance

for the selection of heat-tolerant tree species in cities and the prediction of damage risks to trees under heat stress.

Key words: Leaf heat tolerance; Leaf functional trait; Ficus; Magnolia; Natural heat wave
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Fig. 1 Daily maximum temperature and precipitation in Chongqing during summer of 2022
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Table 1 Ten common horticultural tree species selected under natural heatwaves
# & ) 45 SR FMAE
Family Genus Species Abbreviation Mean height (m) Mean DBH (cm)
%%} Moraceae ¥iJ@ Ficus /NHFE F concinna Fc 18.0 44.0
W@ Ficus RIAE F henryi Fh 8.5 35.0
W5 )& Ficus WEWEM E virens Fv 9.0 21.0
A2%FL Magnoliaceae K22 )& Magnolia SREEE M chapensis Mc 15.0 30.0
K22 )& Magnolia ®E% M. liliiflora Ml 11.0 335
K& Magnolia HAE% M. denudata Md 10.0 12.0
K& Magnolia I"E2% M. grandiflora Mg 7.0 11.0
AL Rosaceae HEALJ& Eriobotrya HEAE E. japonica Ej 2.5 12.0
25 )@ Prunus HAWME P serrulata Ps 6.0 12.0
5@ Prunus Bk P, persica Pp 9.0 15.5
; . AR RE Y2y ° ; JE By
BEEF A EBERER RIS 'C), HIZH R 3~5 BRAMEEER), DLCSH A 5 i (Tieaf max),

N B ARSI TG AL BE 24 ho KR I B IR E
BEEE N 36 C. 41 C. 46 °C. 50 C. 52 °C. 54 C.
56 “CHI 60 °C, S iR B 23 ATBNFE i
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o PR TE RS A T I B AR, TR
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Table 2 LSD-tests of leaf damage status, heat tolerance and structural traits of three typical plants under natural heat waves

LERIN FF (n=3) KREE (n=4) R (n=3)

Trait Moraceae Magnoliaceae Rosaceae
I F 5% 351 Leaf damage rate, LDR /% 2.50+2.50b 30.63+25.53ab 60.00+20.00a
F RS T % K BT 2% Maximum quantum efficiency of photosystem II, Fv/Fm 0.73+0.04a 0.69+0.11a 0.75+0.03a
I f i ¥ Maximum leaf temperature, Tieaf max (C) 36.03£6.16a 42.984+4.71a 39.83+2.16a
I i #iE Leaf heat tolerance, Ter; ('C) 46.63+3.72a 45.27+1.85a 42.69+1.60a
I T #viE Leaf heat tolerance, Tso ('C) 53.31+2.10a 50.66+1.49ab 49.4242 33a
#1242 4215 Thermal safety margin, TSMei (‘C) 10.59+9.81a 2.29+6.12a 4.62+4.41a
#hF7%45 37 b5 Thermal safety margin, TSMso (°C) 17.27+7.61a 7.68+5.55b 9.58+0.91ab
I F L2 Leaf mass per area, LMA (g/m?) 88.17+20.93a 83.18+40.31a 111.92+67.19a
I TH AR Leaf area, LA (cm?) 55.78+42.31a 84.29+38.76a 76.93+76.86a
I} JEE B Leaf thickness, LT (um) 227.91+116.87a 289.91+91.99a 227.07+83.29a
3 B 4 JE & Thickness of upper epidermis, Ty, (4m) 42.71£19.94a 27.23+10.51a 23.15+6.62a
N MR E Thickness of lower epidermis, Tiow (um) 21.91+17.51a 20.12+7.93a 16.85+2.61a
M= 2H 23S Thickness of palisade tissue, T, (m) 98.15+49.34a 122.22440.45a 102.08+44.64a
220 23 L FE Thickness of spongy tissue, Ts (um) 97.72465.85a 120.35+36.57a 85.00+41.09a
M T340 4H 2 )L 2 L Palisade to spongy mesophyll thickness ratio, P/S 0.85+0.09b 1.06+0.13ab 1.24+0.10a
{# P20 J¥ Guard cell length, GCL (um) 18.15+1.39a 21.62+7.23a 22.11+3.24a
S FL# % Stomatal density, SD (n/mm?) 497.23+278.78a 354.51+128.64a 326.08+76.86a
S FLIE% Stomatal pore index, SPI 0.16£0.07a 0.15+0.06a 0.16+0.01a

Kt 5 AN R R s 25 1 535 (P<0.05, LSD £ H L) T

Data followed different letters indicate significant differences at 0.05 level by LSD multiple comparison. The same below
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Fig. 2 Fitted curves of leaf heat resistance for 10 common garden tree species under natural heatwaves. Fv/Fm: Maximum quantum efficiency of photosystem II;
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