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Abstract: The evaluation index system of heat resistance of Camellia gauchowensis Chang was studied to screen out
varieties with strong heat resistance, and to provide theoretical basis for the breeding and cultivation of heat resistant
varieties. Using six Camellia gauchowensis Chang clones as the test materials, 14 leaf morpholog, anatomical structure
and leaf stoma related indexes were measured by image software analysis, paraffin section and nail polish blotting
methods. Cluster analysis and correlation analysis were performed by SPSS software to screen out the main indicators
related to heat resistance. The average membership function was calculated by EXCEL software for comprehensive
evaluation of heat resistance and ranking. The leaves of C. gauchowensis Chang were composed of upper and lower
epidermal cells, mesophyll tissue cells and leaf midribs.The leaf was ectopic leaves, the thickness of the upper epidermis
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was greater than that of the lower epidermis, the stomata was distributed in the lower epidermis, the palisade tissue was
closely arranged 1-2 layers, and the spongy tissue was loosely arranged. leaf midribs were mainly composed of upper
and lower epidermis and closely arranged vascular bundles. There were significant differences in leaf morphology and
anatomical structure among the six clones (P<0.05). The 14 indicators were divided into four categories by systematic
clustering. Leaf length, leaf width and leaf area were in the first category, leaf thickness, palisade tissue thickness, leaf
structure compactness and palisade-sea ratio were in the second category, thickness of the upper epidermis, the thickness
of the lower epidermis, leaf structure porosity ,sponge tissue thickness and stomatal density were in the third category,
and thickness of the leaf midrib and the thickness of the vascular bundle were in forth category. Leaf area, palisade tis-
sue thickness, spongy tissue thickness and vascular bundle thickness were found to be the typical indicators of heat re-
sistance of C. gauchowensis Chang by correlation coefficients analysis. The membership function formula was used to
calculate the four typical indicators, and the comprehensive calculation and sorting were carried out according to the
average membership degree. The heat resistance ranking of the six C. gauchowensis Chang clones was A16>A5>
HMZ24>A11>HM19>HMZ25. The leaf indicators affecting the heat resistance of C. gauchowensis Chang are mainly
leaf area, palisade tissue thickness, spongy tissue thickness and vascular bundle tissue thickness. There is a big differ-
ence in the analysis of a certain index, and the comprehensive comparative analysis through the membership function
method can reflect the difference in heat resistance of Camellia gauchowensis Chang.
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Tab. 1 Leaf size of six C. gauchowensis Chang clones

TR N -5 I T AR EVEd

Clone LL/cm LW/cm LA/cm? LSI
HM19 8.45£0.65°  3.63x0.40% 22.57+3.70" 2.34+0.19"
HMZ25  7.83£0.64° 4.50+0.40° 26.71£5.19° 1.75%0.18°
HMZ24  8.30+0.65° 3.72+0.30°° 21.82+3.22° 2.23+0.1°
All 9.16£0.67°  3.83+0.45° 24.32+6.13" 2.42%0.26°
A5 6.73£0.519  3.40+0.30° 16.58+2.61¢ 1.99+0.12¢
Al6 8.52+0.72°  4.10£0.31° 24.79+£3.23™ 2.08+0.20°
S NE] 9.16 4.50 26.71 2.42
/ME 6.73 3.40 16.58 1.75
¥{E 8.17£0.98  3.86£0.50  22.80+5.24  2.14=0.29
F 49.08 33.79 20.85 52.63
5 R 0.12 0.13 0.23 0.14

e FBIAFE/NG FREFRR O R R 22 5 83 (P<0.05),
Note: Different lowercase letters in the same column indicate
significant difference among clones (P<0.05).

2.2 MRS ST

22,1 st EFAIL mMmEET gt EER
KA . MR LR 4L VAR AL ZUR T e B2 A A 4 A
(B 1) IMASH o Sy, R AT R
H—2KIE . FIE . #5400 % % 1S 4L,
HERKBEEHRTFERE ., AT IR,
SALAWEDIE B3 i B (B 2 ).

6 A MM A TOE & 3R B 5 JE 0 HM19, J&

JE35.11 pm, TR EH&IEHHM19, B 21.61 pm;
BRI AS, 435 23,130 13.85 pm,
MRS e FRE, 6 DEmAETrERMT
A SALBEEAE 126.75~183.09 N/mm” LI, X
LK E N 24.61~3033 pym, S HFER KA
HMZ25, /v Al6, SALKERK N Al6, i
o HMZ24 (%2) .
222 RN 6 DEIMIMZSTICNE R AU
LG RALIEEA B 2SS (K 1), Hr
HMZ24 F1 A5 #4220 20l 9 )2 40 Bf 20 g
HMZ24 W28 BEART, HEFHRS, AS
FEMEANER T TR, LEHPIES, B
G40 2000 T 2 MRS 4 ZUHE S B AL . HMIL9 |
HMZ25. All, Al6 HA— 244, HMI19
W= Zan s A HHES 3 5%, HMZ25, All,
A16 W2 20 B e A EHES B o T4 AL 2R
BN, AT/ N B AN TR



740 #oaw A M F m 44

Q
= ———
Lﬁm&ﬁi’wﬁfv‘i b

>

(@)
&

TS

F»7

i

50 um
A: HMI19; B: HMZ25; C: HMZ24; D: All; E: A5; F: Al6, Cu: fifii)Z; U-ep: LKL 40MI; Pa: w‘%zﬂzﬂzmﬂ@;
Sp: MGZMHZIANN; L-ep: NREMIM,
A: HM19; B: HMZ25; C: HMZ24; D: Al11; E: AS5; F: A16. Cu: Cuticle; U-ep: Upper epidermis cells; Pa: Palisade tissue;
Sp: Spongy tissue; L-ep: Lower epidermis cells.
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Fig. 1 Leaf cross section of six C. gauchowensis Chang clones

B ©

100 pm 100 pm

A: HM19; B: HMZ25; C: HMZ24; D: Al1; E: AS; F: A16.
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Fig. 2 Microstructure of stomata in leaves of six C. gauchowensis Chang clones
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Tab. 2 Anatomical structure and stomatal characteristics of epidermis of leaves

Je £ Clone AR R LT/pum FFRLEE TU/pm  FTREEE TL/pm  KAL%E SD/mm’ SALKHEE SL/um

HM19 330.28+6.52° 35.11+3.53° 21.61+2.64° 152.79+5.19° 29.78+2.66"
HMZ25 294.90+7.76" 24.2042.26° 19.94+2.62° 183.09+7.47° 27.25+2.86°
HMZ24 354.95+8.92° 28.46+3.59° 20.47+2.18% 182.16+12.34° 24.61+2.72°
All 307.81£11.01° 24.22+3.32¢ 16.89+2.37¢ 138.43+17.63¢ 25.84+1.02°
A5 305.26+11.41° 23.1342.82° 13.85+2.32¢ 131.34+16.92¢ 27.84+1.88°
Al6 330.93+13.98" 23.31+2.12¢ 18.37+2.83¢ 126.75+11.27¢ 30.33+1.76"
¥ 320.31+22.72 26.36+5.19 18.39+3.63 27.61+3.34 151.33+26.57
F 138.38 68.56 40.06 30.67 20.14

BUETE S 0.07 0.20 0.20 0.12 0.18

T WS E AR/ NE SR n Ttk R 22 5 B3 (P<0.05).

Note: Different lowercase letters after the same column of data indicate significant difference between clones (P<0.05).
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Tab. 3 Mesophyll tissue characteristics of six C. gauchowensis Chang clones

JitER Clone W2 ZHZURLEE TP/um  WBARAHLUSEREE TS/um 45 RS0 TST - 45 i Aa 2 TSL Hib Lk P/S
HM19 88.71%6.51¢ 183.47+9.32° 0.27+0.02° 0.56+0.03" 0.49+0.05°
HMZ25 82.43+7.08° 170.89+10.53° 0.28+0.03° 0.58+0.03" 0.49+0.07¢
HMZ24 137.41+10.66* 171.65+14.17° 0.39+0.03° 0.48+0.03¢ 0.81+0.12°
All 101.09£12.37° 166.48+15.51" 0.33+0.04¢ 0.54+0.04" 0.62+0.11¢
A5 109.70+15.37° 160.20+£21.24% 0.36+0.05° 0.52+0.06° 0.70+0.16¢
Al6 136.48+9.83° 153.63+16.86" 0.41£0.04° 0.46+0.04¢ 0.90+0.15°
B 109.08+23.61 167.78+17.66 0.34+0.06 0.53+0.06 0.67+0.19
F 127.50 12.43 69.63 34.41 57.20
5 REL 0.22 0.11 0.19 0.10 0.29

T SR G A FNG 5 B3R Ttk R (1) 22 5 .3 (P<0.05 ),

Note: Different lowercase letters after the same column of data indicate significant difference between clones (P<0.05).
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T i Xy Y
o P e 4
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566.23~821.28 um yulElN, HwKH Al6, F/INA
HMZ24 485 R R BEAE 262.12~403.07 um 5 4,
KA Al6, H/NR AllL,

2.3 6 M EMBRELERMHBMESEEEN
23.1 TRk FHM i FA AR SRR
RiEbRfE R R B EMES, BB EARE

100 pm
L

A: HM19; B: HMZ25; C: HMZ24; D: All; E: A5; F: Al6, Cu: fiffi)2; U-ep: LFLAM; Pa: ML 401,
Sp: MEZRLHLIANML; L-ep: TRIEZYIM; Xy: AJBEEB; Ph: #IHEH.
A: HM19; B: HMZ25; C: HMZ24; D: A11; E: AS; F: A16. Cu: Cuticle; U-ep: Upper epidermis cells; Pa: Palisade tissue;
Sp: Spongy tissue; L-ep: Lower epidermis cells; Xy: Xylem; Ph: Phloem.
B3 64AEMmFELRERMNF EREYI®E

Fig. 3 Cross section of main veins of leaves of six C. gauchowensis Chang clones
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Tab. 4 Main vein characteristics of leaves of six Camellia
gauchowensis Chang clones

TR FIRE O OREENEE  WRIEE 4SRRI
Clone TMV/um XT/pm PT/um VB/um
HMI19  634.59+13.57° 235.15+22.55° 104.19+18.28°339.35::35.48"
HMZ25 633.34+19.20° 191.66+17.58° 81.55+7.75¢ 273.20+17.54°
HMZ24 566.23£19.67° 210.46£16.45% 61.22£6.00° 271.68+16.27°
All 574.85£19.97% 175.65+13.72" 86.48+6.31¢ 262.12+13.44°
A5 689.72£15.59* 249.21+20.38" 97.71+7.78° 346.93+23.48"
Al6 821.28+£36.31° 289.72+13.45" 113.36+5.11° 403.07+14.45
BIE 669.43£95.52 232.59+43.03 92.52+19.34 325.11+57.38

F 337.04 108.51 80.97 142.45
AR 0.14 0.19 0.21 0.18

T WU /NG 5 B3R R T R A 22 5 3 (P<0.05 ),

Note: Different lowercase letters in the same column indicate
significant differences among clones (P<0.05).

PERYHE bR AR Pt . B SEXS 6 A iz o
PEZR M RIE SR RIZE R 14 D4Rz SPSS

AT IR0, 14 HRER AT A4y 4 28
PRAFE s, A 2 2 BRI E

W2 ZHSUR B | i 250 BSEEE L L 2R 3
*@%L%ﬁ P\?%ﬁfﬁ ST RN
. A BREE | SALEEE; 4 RAUPE E K
xuﬁﬁﬁgg(@4%@msmsﬁﬁwm

x5

TR FRIEAT A SRS AT, FRAFAH S RBUERE (3R
5 )0 FEARIAIA A OC R E S W T 4 5 s 8] A AH DGk
HRHE R AT 5 R CHE o, # A (1) 11
B4 KPS AR IR OCHE R, SRS AR AH T 2L
KNG HEATHER (38 6). 4 Za48FR a5
FrRaral e 55 1 R E R 5 2 R4l 2
JERE; 55 3 RNIGAALUREE; 0 4 KAgEER
JEE (£ 6)
232 6 AEHMEELME ARG RELEASFN R
PR 6 TR VE T AT TR 25 DIAH DG /Y 4 g bR (i
AL MR R SE iR LU | dEEREE ),

5 10 15 20 25

S5 AL 10
M 12
HRLARRRE 8
HE 4

FIKEE 13

P RZEE 14
98 2

HEf 3
1
WHHLEE 9
ﬂf)#%miﬁmJEU;,
TREEE 6 |
SEE 7
LREEE 5

4 14T F AR S IER R E ST
Fig. 4 Cluster analysis of 14 leaf anatomical structure
characteristics
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Tab. 5 Correlative matrix of leaf structure indexes

fibr M MgE MTER

EEOEE O EE

MR B TR MHEAL e

SRR JURZ

3‘3’171( «E H;ﬁ /—;Lﬁ

WIS BAE W
R OB o

Index LL LW LA = U iy P Ts TST TSLPs oo o
S 1
-5 0364 1
LRTIEA 0.522" 0.648" 1
)5 02327 -0.188" —0.056 1
EEREEE 0165 01997 -0.021 03657 1
TREFEE 02997 02017 0273 0363 0.5007 1
WHigigym g 0081 —0.119  —0.086  0.5747 -0.187" —0.093 1
wgg s 0046 —0.083 0033 02717 0318" 03037 04797 1
B 0.012 —0.078 -0.094  0.299" —0.349™ —0.259" 0.947" -0.687" 1
B P BE -0.092 0.080 0.082 -0.374" 0.062 0.074 -0.849" 0.776" —0.865" 1
W L 0.035 —0.066 -0.087  0.326" —0.260" —0.189"  0.932™ —0.747" 0.974™ -0.940" 1
RIS 3 —0.105 0.096 0.003 -0.045 —0.297" —0.139  0.363" —0.437" 0.443" 0422 0472”7 1
HEHRIERE 0116  0.009 -0.078  0.095 -0.157 -0.166 0327 -0.310" 0.372" -0.369" 0.395" 0.870" 1
RALE R -0.073 0.141  0.077 -0.070 0428 04337 —0.226 0217 -0298° 0256 —0.276 -0.535" —0.555" 1
T RN BEME (P<0.05), "FRARM B EMK (P<0.01),
Note: " indicates significant correlation (P<0.05), " indicates extremely significant correlation (P<0.01).
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Tab. 6 Correlation coefficients and order of parameters

gy VRS R Ky
7y .

IIE:dex NZ Leaf anatomic Correlation Order in
' structure index index category

1 K 0.202 3

H i 0.276 2

A 0.346 1

2 & 0.175 4

A 21 21 5 i 0.698 1

I 5 0.645 2

i L 0.641 3

3 R 0.135 3

T 0.134 4

TR RN 0.211 1

SALEE 0.121 5

AN RN 0.169 2

4 R 0.757 1

YL HF 0.757 1

NS RREGE, A (2), (3), KRiliFY
SRIERBUE, X 6 MIMASTCNE R I e iE 725
BV . RJE R B, TR, 2R R
B 6 A2 o R SR A 0.125~
0.793 Z[a], Hrpr Al6 PR R HAx &, 7 0.793,
HMZ25 “F¥RE Ak, H 0.125. 6 MMM
P R it PR SR SR N . A16>AS>HMZ24>A11>
HMZ19>HM25 (£ 7).,

R7 6N BMEFTERM AL SITN
Comprehensive evaluation of heat tolerance of six
C. gauchowensis Chang clones
R R I S E SCY
Ttk & WAL T 41 AR i B Average value FFF
ZETB LA

Tab. 7

Clone BURIE BURJE = of membership Order
TP TS function
HM19 0.114 0.000 0.548 0.410 0.268 5
HMZ25 0.000 0.422 0.079 0.000 0.125 6
HMZ24 1.000 0.396 0.068 0.483 0.487 3
All 0.340 0.569 0.000 0.235 0.419 4
A5 0.496 0.780 0.602 1.000 0.720 2
Al6 0.983 1.000 1.000 0.189 0.793 1
3 itig
T 2 ROV P B AE 2, R T R S A
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TEVERE LA S B T i, iR A1 Il
22BN YT R BRI A R
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ORI | U4 L 2R I AR R A 3
A, A AN SR HLURE | 4EE R
R IEAR G, 55165 45 4 205 B A T R A O
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HMZ25, 24 2 218 B R/NIUT 2 . HMZ25>
Al11>A5>A16, WA LURRR K, HaRALE
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