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Abstract

Through investigation, the heat damage performance of plants under continuous high tempera-
ture was divided into six grades. The same species will have one to several heat damage grades.
And the second grade of heat damage is the main form of expression. In some way, the degree of
victimization of plants under continuous high temperature stress is determined by the biological
characteristics. Different heat damage levels have some similarities in different types of biological
characteristics, but there are certain differences. The deciduous species are more serious than
those of evergreen species, and the type of leathery leaf is more resistant to continuous high tem-
perature. The characteristics of leaves can be used as references for the introduction and selection
of heat-resistant plants.
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A KRR 30— A R EIREE R 7 [1] [2] [3] [4]

2017 4 7-8 H, LRI FRSmE, RAE LB ARFICEZ SR MM TR, 2017 4£7 H 21 H
AL 15 AR H(H &SRR >35.0C), 28 9 MEEE H (R SR >37°C), Hm ik 409, Hiz
FIHl 7 2013 4F 8 J1 7 H 40.8°CHIZLR, 2RI ul 145 4 LIRS i s i . b4k, 2017 S E K 7.
8 Wi H /A 23 11 KB TaiR H (4 1 A 2), 55 0ok mnii AR Pt sRAS 5 R B2 (105 3 .

VRl LR AR A ] B B (Rl R, L) Dl B AR A TR VR ISR AN A B R R S, SR T
A 5| PR AR 7E (Y B PR (5]. EREYIE N, YRR TR EE 2R, P ECRIEA A F . BT
Y52 H 25 vl AT R IR R R, S5 AEL A7 el s AT R A7) 3 | o i i R 92 35 B A B 2 ()48 9

2. M E5F*
2.1. Wit

AT 30°40'~31°53'N, 120°51'~122°12'E, J& At #ais { i 2= MM Sk X, 4F- 3SR 15.6°C,
P H I 1817 h, FE/KE 1213 mm, FfEHIZE K EOA 754.6 mm. FEAER) 7~8 H W 32 R AT AP
F RIS, B E, AKEKR, BRI, By “ARB7 [6], @ 7 A, IR
) 28°C, AR, miRRAES:E 8 H F.

B R A B AL BT PSR R AATL X, 2004 SEJTUAEHE, 2010 FEE R IFRAMTI. 4l 5
L) 207 Ak, PO RRX . EYRE X ORI X FSRFE S X S5 DU R T Re XA . Hl i
RXAETHERX R SAEMYE. 2REYES 26 MAYIERRE. FORRX S RIEDRE X
HME P4 4500 K. PR 6 KINGEIAEI AT, SRR RBR B SEMAR RN R M E
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Figure 1. The highest and lowest temperature trends of Shanghai in July 2017
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Figure 2. The highest and lowest temperature trends of Shanghai in August 2017
E 2.2017 £ 8 A LIRS RREKIBELEE

FEREY, OB AR RO A R IR S S R U R AE — D X PR EREE K R S A —
A AR (D) FROREt, (RESHITE, pH (M 7.68, AL T4 & 2.79%.
2.2. AR

AV B BN it (LR A0 B i [X (S 5 1 ) B B TR HEARRR S, G RLE 51 AR ST A, 3k
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23. MIRF*E

2017 4 9 H kA, R HESRER9%E 2 4, B AR B IE RE R BT R 1 IR A, WSS
WA, IR, . MR ERAER, SHISFRERLE: WT T8 207 iy Hile
P, W AR AR B[ 7] 2275 vp [ B2 Bt R ERE 7T T i 5 6 v FE 05 LI I o R S 2 03 AR 8],
RIS TR F LRI, HIT 7 AUCR TAEYIIE 2 HhriE, HITr AR BIAERE D 6
AN, R 3 SRR 32 B LUBO™ (K 2).

3. RS54
3.1. 6 NMAEFRAVIIME R K IEEE

3.11 6 MAEFLEHKE

SR, WRIEARERIN, X 0~5 LMFHEF)E % RELNEE RRBOATS, R 3 &
* 4.

Bl Bon, EEARRFFE SR T, HIRENEES, LRZEH— R EHIAFRER, Bl
I RRB KBNS 2>0>1>3>4>5 (% 3, [&3). HIIMERIREL 1~3 Frh iz
#ENE, it 2515 Bk, HARRE 74.8%; iX 3 MESH, D2 FIMERIMEKER S, BidE
PRI 13, XU 1/5 MIREMRIA BB B 1) 3 i . RIN 4~5 ™ HEAEFIREN D, 4 2% 36 #%,
5 AL 6 ¥k, 5 E 1.1%. 0.2%. #id 1/5 MR AR A BB GERER(EE 3. 1 3),

Table 1. Composition of plant species

= 1 AEEME AR

wTEY BeTHEY
HBE s HE it
A% 8 12.5% 56 87.5%
B 22 13.0% 147 87.0%
¥ 76 17.7% 354 82.3%

Table 2. Performance of plant heat damage under high temperature and the grade division
%= 2. EYERRAERNREZELRXS

e 25 FIVER
0 VR TG B 2. 52 B IR
1 29 10% M Rimkat. g R
2 10%~30%H A fE 4 h i
3 30%-500%I itk . B akiE i, BT # TR
4 BRERRIESS, KE B U . Bk TAl . B T2
5 [ER7S IR St S Y e RO L
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Table 3. Statistical of families, genus, species in 6 heat damage grade

3.6 MAEFENR. B, MEHZIT

REER A B P PR
0 37 72 113 805
1 40 78 134 734
2 42 85 166 1195
3 33 55 100 586
4 13 15 18 36
5 4 4 4 6

Table 4. Number differences of gymnosperms and angiosperms in families, genus, species under the 6 heat damage grade

4 RTENERTEDT 6 MEFENMEMEEREEER

BTy WY
Rk B%& Fhek Rk B%& Fhek
NESHR
e i1 e 4 e 4 a8 4 e 4 a8 4

0 5 62.5% 8 36.4% 16 21.1% 32 57.1% 64 43.5% 97 27.4%
1 7 87.5% 10 45.5% 18 23.7% 33 58.9% 68 46.3% 116 32.8%
2 6 75.0% 16 72.7% 27 35.5% 36 64.3% 70 47.6% 138 39.0%
3 3 37.5% 8 36.4% 20 26.3% 31 55.4% 48 32.7% 80 22.6%
4 1 12.5% 1 4.5% 1 1.3% 14 25.0% 14 9.5% 17 4.8%
5 2 25.0% 2 9.1% 2 2.6% 2 3.6% 2 1.4% 2 0.6%
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Figure 3. Composition of plant numbers under
the different heat damage grades
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HILRRRERER DL 1~3 SR RERGE R, Hod, XL 2 gERZ, 4~5 g™ ERE R R & kD>
(33 E4), NHEH] 5 FARERTERET 4 L4 RI 4 Fh, A 4T (Ilex aquifolium).
“Y4EH 35 H A2 (Cryptomeria japonica “Vilmoriniana”). K47 #i(Nageia fleuryi) f1&#k(Cornus walteri) .
HARTEERZE, X35 HAFK 4 DR FER L, RNy 4 HIAFRK 18 MiEy),
BIET 14 B 15 ANMEGE 5), Hd, 9ir3E% (Viburnum rhytidophyllum). ZLAK (Acer palmatum “Atropur-
pureum”). FJEM(Acer palmatum “Dissectum™). k& 7% (Michelia chapensis) & %7 # (Cercidiphyllum
japonicum)AE S B b . 4 TR 2 BRI R R SRS AR B 6. Forp, 4 K2 H(59/71)
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Figure 4. Variety of family members under the different heat damage grades
B 4 TEHREFRHRBEFHTL
Table 5. Plant species of the fourth heat damage grade belong to the families, genus
=5 4 RAEBYMARENE
mS 28 = LB
1 haFt J==3iE)z ‘LR ALEEM
2 (EER R (EER e (EER)
3 hi g A FE R Ly
4 EERF EEW R EER
5 TR B N A
6 I\ INFR &
7 R=F EESE IRBEE
8 A At R IR R XOJTRRL. HER
9 T Skt LR FEM 55k
10 R )R “HET MRk
11 BAFR Jeik IR S HREIGE . Bk
12 2B} I ZRBER INBRAR
13 B IERR. AR RRWEFR . A
14 ErFR NEV AN T
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Table 6. Different heat damage grades and corresponding number of 4 kinds of plants

7 6. 4 MBI Z BN T RIRE FRMI NAKE

i 0% 14k 2% 3%k 44
Eile3t 1 — — — 1
2T, — 1 — 2 5
FEN — — 6 — 4
IRBER — — 59 — 12
EEFH — — — 1 1

(55 B B SRR I 2 AE, TIHMERIIN E RN 2 9, PERWLL 2 HAEmZ .

TEA H DL B IESEIR0 2/ 37 &L, 72 )8, 113 Fhrf, H 78 MEIFTE MK ERIN 0 2%, KIET
3L EL, 49)E(H 7). UbAh, H 24 FHBLO. 14504k, 12 MHEL 0. 2 Zorfk, 7 FRHEL 0. 3 ok,
23 1 41 4 (Machilus thunbergii). ¢ & ¥ (Sapindus saponaria). #FLLI#T A 2 (Neolitsea sericea). H AH]
12 (C. japonica). ¥ [¢ % H-#fi(Carpinus putoensis). M % il (Clerodendrum trichotomum). 7 JIV#F %
(Chaenomeles cathayensis).

Eh, £ ATRRE, ERTHEYOEHEMA R E IR FEERARAME, BIZH 1 BZRFERNE,
EBP)ZHN LA 2 ZednFERE, PR)ZTH MR L 2 BRE B, il SR 13; #rE?hilE
Fh=ANZ LA 2 G N 2 FEY, Bl — YR L — R B R 2 4
e, REWM R RE IR T S 13, sA, B EAE 5 HAAEER T Y K TR A R
JEFE FAEY, B2k 2 )8 2 Fhe A RIFEA R 1/5 BRRREA I W B IEEIR (2 4).

32. FEAEFREEYFIH EHER

FEAXT R B B A BT S B € RE S E SR O, T IREMIIIAE A I, i RS
RGN A L R AR SR S AR AR T G-, TR B - R A
i 3 xR, HACRRIRESFL P ZER . Kb, SRR S WA SR SRR, )R
BT AR LR S A 2 AR B A SR AR BT L AR AR R R AR AR [9]. %K
FELA IR SR B L R 5 J A S B AR B B 1) L35 8.

321 NEAREFRESFMHRRZHMRENESR

K9 MR, WERR I RIEM MR FE R E AL 0~2 9, Hr, ¥ 2 HIEMRRZ, —FHT
YL EAGENE B B B H1 21.1%.33.2%, H 32 1] 4~5 4™ B AE [ xR OCE 7, 15 LK 4.1%;
PR 2 B 4~5 T EAERL 15 F, (5L 5.8%. WEZERKEEE, WEAMMEHAERIIFRE
P AE 0~2 %%, B 0 JURZ BN BAFERRR L, KFNE 13, 2 SEMRECEDIRT 0 JHHESE =, %3
UL EREIIRARA 118 R, A5 B SRS 11.2% (] 5); & rFirh, 0~2 ZAE RN R F
FERAR R, PRIy 2 ZEMARI R s il e Sy, ARME, 3 SEERKRE, B
1L 7 EE 15 (K 6). H R e i A2 rh 2 31 4-5 ™ BV BOEPRECE YD, 7390 Dy 20,22 Fk.

322 FEIAEFRELFTEIHER

10 BoR, DNRRTFEAMIGE R EREE, WL 2 SEERG, EFRAMIFIEE 124 F
976 ¥k, 4l A7tk 40.1% /% 37.0%, FEARFSENA 42 Fh 219 ¥k, 4051 & L 34.7% % 30.2%. L 1/4 (157
AT FOAE AR BT 2 A HH BA 2 P 2, F 7 R A e 23S LU S 5, i £1) 28.9%, 1 AR AR B (A 17.0%
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Table 7. Unharmed plant species and their families

T ORAEEYHERENE

WS # & Pz
1 R AR, B P R G MR A e
‘SRS Bifakx. tAn. BbR, By JREEM. @R KM
2 Fast I TR MRATEA . DM, IR
3 TWHE DU B
4 iz AR OR ER.
5 It IR KRR FEACALIR) . BEOIR), MLATI2EER
6 AR N Ny WEESE, |72
LR SR
7 TR FIMLE . iR G WA, RN, B, TR, AN, SEREE
B
8 BRAEL AN A
9 Kk At SR =N S NINITE=R (<
10 A7 F 1] KRE&H. WE. aREEH. g4F
1 AR LFIENR LT
12 R A} B I BRI RRORAR
13 WM W b
14 BEb BEP FRIT e
15 TR AR IR ES NS
16 ARk 8 R
17 7o 4 E} ¥E. EXE GUIENR. BRTE R EAR. AR, SR, BN
18 ey WiE. FE TR, |, HEF
19 BERA B R A
20 TR} Tk JE PRI, ORSPVERMLEE AR
21 T2 KR B MR
22 P ER} KHEE)E AHH 7K H4E
SRR
23 AL REALJE . AR WAL, 4wz, M, A, e
it
24 AR} KigE. B8 ML CORELT MWL SEARORAE ., TEORHE, ik
25 I ZF BEEER. KfiE B Afar
26 B2} REE. &R UREk. A
27 Be&IRFE ATEE. ke ATF, Lk
28 TR} Wi IR Witly
29 Tk T J ke
30 HikH i T, B
31 £ 7 Felg FER
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Table 8. Number of different plant species and proport
7= 8. TEIEHIF AT SR B B & EE Al

ion

HRE PRk FrARFIR VAT FERMHFhR R Rk
HE itk HE 514 HE itk HE 514 HE gk HE Atk
P 171 39.8% 259 60.2% 309 71.9% 121 28.1% 190 44.2% 240 55.8%
¥ 1057 281% 2305  719% 2638  785% 724 21.5% 1479  439% 1883  56.0%
Table 9. Comparison between evergreen species and deciduous species under the 6 heat damage grades
% 9. 6 MAEFRE BRI FEM M2 AILLER
W FH T
¥ L7 ¥ B
HESR
& i=a HE )4 & )4 HE y=4
0 58 33.9% 342 32.4% 55 21.2% 463 20.1%
1 47 27.5% 290 27.4% 87 33.6% 444 19.3%
2 59 34.5% 307 29.0% 107 41.3% 888 38.5%
3 29 17.0% 98 9.3% 71 27.4% 488 21.2%
4 4 2.3% 15 1.5% 14 5.4% 21 0.9%
5 3 1.8% 5 0.5% 1 0.4% 1 0.04%
Table 10. Comparison of biotype in 6 different heat damage grades
= 10. 6 M EAEFRAEFR LR
FEARFHRE EAMA
i W i W
HEER
HE itk HE Atk HE 514 HE itk
0 78 25.2% 682 25.9% 35 28.9% 123 17.0%
1 103 33.3% 562 21.3% 31 25.6% 172 23.8%
2 124 40.1% 976 37.0% 42 34.7% 219 30.2%
3 69 22.3% 384 14.6% 31 25.6% 202 27.9%
4 10 3.2% 28 1.1% 8 6.6% 8 1.1%
5 4 1.3% 6 0.2% — — — —

3 WMHELETEAPHMAWRKE, H&EEFRWILEAE 2000 -, EHEKREE L, FTRARMEHXE
%, 9 14.6%, WEARF LML 27.9%. 4-5 ™ HRE LT RER T I D B KAz, JUHEARF o

BRI 5 2k (K 7 ffs 8).
33. FTRAEFREH R EHER

AL SR, R AR SRR IAE SR LL 0~2 SUN T, AR AESET, 3 M AVE R

TR, HEL 0 A NERFRMERS, 2 TMRL: HKREE L, MEL2 ZMFERERZ,

FEHE R AR, ERR AR SR b, UL 2 BIAERELL. AR, ERARSEE, 3 LR
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ERFE, CHAAEREEND, MR R3] 3 UL EAERMEIERSEL L. X ER
NAE 3 FINGE R RILFEH, AEFE T A S 7E M 25 A AR S = T 1/5, 43 A B B 50E 11 28.3%
1 25.7%. 2 4~5 HINVE RPN M ARMIRIE T D, ALTE 1.2%F1 1.25% (] 9 F11E] 10).

3.4, INGS
PERFREE IR A N, B3R A e i A AR 4k 2 B — e RE R L BN R R B ) IR

B R 5K

1.5% 0.5%

Figure 5. Composition of the number of different
heat damage grades of the evergreen species

5. BEMANTEHREFRIERBEN
4k

B T 5%

0.9% 0.04%

Figure 6. Composition of the number of different
heat damage grades of the deciduous species

6. FEM XN T RREFRIERBEN
4Rk
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AR FRAFhA SH

1.1%

0.2%

Figure 7. Composition of the number of different

heat damage grades of trees

7. AR EIAE FRERBERIER

%
Lo AR 5

0.0%

Figure 8. Composition of the number of different

heat damage grades of shrubs

E 8. EATMENREREFRIER M EAHERR

Table 11. Comparison of leaf texture in 6 different heat damage grades
= 11 6 MEAREFREM Bt ERELER

A g [0 piE
R i 73y ik 73y

HE & b HE gk HE & b HE gk
0 70 36.8% 461 31.2% 43 17.9% 344 18.3%
1 57 30.0% 394 26.6% 77 32.1% 340 18.1%
2 68 35.8% 502 33.9% 98 40.8% 693 36.8%
3 32 16.8% 103 7.0% 68 28.3% 483 25.7%
4 1.6% 14 0.9% 15 6.3% 22 1.2%
5 3 1.6% 5 0.3% 1 0.4% 1 0.05%
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0.9% 0.3%

Figure 9. Composition of the number of different
heat damage grades in type of leathery leaf

E 9 FERMMANTRAEFRERKEN
4HRY

A% ¥R 5B
1.2% 0

.05%

Figure 10. Composition of the number of different
heat damage grades in type of non-leathery leaf

species
E 10. EEEFRMFENTRIAEFRERKE
HIZE R

TR AL E 1) 6 N IVESER . B 0 F(“ MR R ZFERAR ), NRIEMFER, E&MEkEEE L,
PR ER P AEFRIERII 1~3 HoAE, HP XL 2 FFHHIRGE. 23 3 HARFERFFIERK
FAXTEE D, %2 5] 4~5 ZHAGE [ Fh 28 SRR I A2 o HH B 4% 25 2 AR B K BN 2 2> 0> 1> 3>
4>5, Hrb2 ZiivERIFR 1195 tk, X BSHRE 35.5%, 1UH 1/5 MREMGE BB E I 3 g, &
BUA 4~5 2™ EAE KRB, 4350008 36 FRAT 6 #k, HE 1.1%. 0.2%. it 1/5 R BB 1
PFEREIR o
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ARAFEFRAA B AFAEY)Z IV RF S BAT @ FAAUE, (Al EREZER . MURET, 2
PANEFEFEAE A KB M 2 IO RE R I, 2 4~5 BINFERIM L LRI 8TE. AR SET,
1) 0 Z( “HIRRICHI S ZHE AR ) INE R ILAIYIID SRtk BRI A — e I LL), (HAPAE—E 257, BIH
LR RN 0 GRS REAR 7> AN 33.9% /% 32.4%, W= T Fh 2 FR R 2 2 3 ik
F IR SRR 2239 36.8% /% 31.2%, Wl TARSE A, 2) RIA 3 JAE IR S BUE MR A7 1E
LS, BIH AR A2 B 3 JANERIRISRAER 7 0N 17.0% K% 9.3%, WIEARFEM RS,
JFRIANF] (A2 b B R R S B RS rh 32 21 3 A [ AP RANAE R 20730 9 16.8% /% 7.0%, 1]
AR T AR R

4. &iL511ie

FREE R a2 A AR I E . BRI, B A K 2 B e AR B AN IR
RIEER, TR EEH 6 MAESSL. F— MRS HELl 1 EHAREEL. 2 ZRFERZEAR
R AERN AR EZRIE . 45 FP EAFEAREEMNFERIE . EWZINE—ERE Lk
SEFAVIERFEL iR A T I FRERE . AT — e AR R, P R SRR 2R S8 52 A B ™
oy O AR AR T e S S R i

MR R MR A I RE R AR B, AR KRR SR 23, R 2 e AR
PR ZE SR ) £ B B . W SRR it a5 4 K5 An S5 R I AR A S A AR 0 32 iy 2K S AR SR
PREERIERRE S o BRI, PR A S AP R AT A D i vt i A 0 1) 5 R AN 22 14 2 2 K30

TP SIS FOR R IL B 200, MRS m IR fma B, 0 52 22 U5 T 25 A PR R ) 3L R RS
MISR, EWmRIRAFEEN A Pom iR s, YRR AR, B, RIS, EIRBORESE. K
BRI T 7 BEH B A ERIL, UL SHEWI 3 DAY IR R AR, 0T IR A E TR
MR R, AR RN AR I,

SE MK
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