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Abstract

and colors and long flowering period. Suitable evaluation methods and indexes can provide bases for the
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[Objective] The heat tolerance of Camellia attracts more attention due to its rich flower types
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heat-tolerance identification, the discovery of heat-tolerance germplasm, and the breeding of new cultivars
of Camellia. [Methods] C. uraku and ¢ Wirlinga Cascade’ were used as reference materials, and 7 new
cultivars of cluster-flowering camellia were selected as test materials. They were cut in vase. After short-
term (5 h) or long-term (7 d) high-temperature (42 °C/35 “C) treatment, changes of morphological and
photosynthetic indexes were investigated and heat tolerance was evaluated comprehensively. [ Results] (1)
The contents of chlorophyll, carotenoid, and chlorophyll a/b, net photosynthetic rate (P,), and stomatal
conductance (G,) of ‘Chuizhi Fenyu’ and ‘ Wirlinga Cascade’ were increased. Their maximum photo-
chemical efficiency of PSIl (F,/F, ). potential activity of PSI (F,/F,), and electron transport rate
(ETR) were remained at a high level. Additionally, they did not show signs of heat damage after 7 days of
high temperatures. P, and G, of ‘Jinye Fenyu’, ‘Shangzhi Huazhang’, and ‘Meigui Chun’ were de-
creased significantly under high temperature stress, while intercellular CO, concentration (C;) was in-
creased. Among them, the F./F,.., F,/F,, and ETR of ‘Jinye Fenyu’ and ‘Shangzhi Huazhang’ were
significantly reduced. After 7 days of long-term high temperature stress, these 3 cultivars showed severe
heat damage or became dead. (2) 15 individual indicators were converted into 4 independent comprehensive
indicators with cumulative contribution rate of 90% through principal component analysis. The compre-
hensive weight values of chlorophyll content, carotenoid content, and xanthophyll content were higher at 5
h under high temperature stress, and the comprehensive weight values of chlorophyll a/b, F,/F .., photo-
chemical quenching coefficient (gp), and non-photochemical quenching coefficient (qy) were higher at 7 d
under high temperature stress. [ Conclusion | According to the comprehensive evaluation value D, ‘Chuizhi
Fenyu’ is a heat-tolerance cultivar, ‘Shangzhi Yueguangqu’, ‘Shangzhi Huanlesong’, and ‘Sweet Gem’
are moderate tolerance, and ‘Meigui Chun’, ‘Shangzhi Huazhang’, and ‘Jinye Fenyu’ are the weakest
among the new cultivars of cluster-flowering camellia. Chlorophyll, carotenoid, and xanthophyll contents can be
used as the key indicators to analyze the short-term high temperature stress, while chlorophyll a/b, F,/F., qp -
and gy can be used as the key indicators to analyze the long-term high temperature stress of Camellia.

Key words cluster-flowering camellia; high temperature stress; photosynthetic pigments; gas exchange

parameters; chlorophyll fluorescence parameters; comprehensive evaluation
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Table 1 Codes of tested germplasm resources of Camellia

) 1 =
%5 i 4 RS
. e New cultivar
Code Cultivar name )
right number
MY L E Sweet Gem 20110036
MGC A Meigui Chun 20120002
CZFY MK F Chuizhi Fenyu 20130015
JYFY 4 1# E Jinye Fenyu 20210023
HZ i fE# Shangzhi Huazhang 20170059
HLS FAE AR AR5 Shangzhi Huanlesong 20170060
YGQ 4% H 6l Shangzhi Yueguangqu 20170061
MRC BAMRLT I ZS (EANZS) Camellia uraku X} F# Control

CHPB H AL # A Wirlinga Cascade X B Control
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Table 2 Morphological indexes of 9 Camellia cultivars under high temperature stress

L R PR E 7 d
I - A g & 5 rd
o HcatzJ:;{l‘; '; i(?:%liljiavcs Heat damage Degree of J5 B TE %
Cnlut' 8 h ratio/ % heat damage Survival
ultivar rate after
5h 7d 5h 74d 5h 7d 7 days/ %
R 30 2 TR A R BAE A BEH , ER 4 VR
MY Leaf edge slightly Leaves appeared brown patches, 30 60 1 3 100
scorched partially detached
iR A A B it R R Bk, T
MGC Leaves appeared Large area of brown patches appeared on 60 100 2 5 60
brown patches the leaves, and the shedding was serious
CZFY JC None JC None 0 0 0 0 100
It B K T AR B B, F8 43 I 7
JYFY J& None A large area of brown patches appeared on 0 100 0 4 0
the leaves, and part of the leaves fell off
HZ Jt None I HH P (G BE B Leaves appeared brown patches 0 50 0 3 30
. . 1 DL - 22 £ Al
HLS & None Occasionally the tip of the leaves was scorched 0 10 0 1 100
. A8 DL Rt IR €8 B A
YGQ J None Occasionally the leaves appeared brown spots 0 10 0 ! 100
R AN A I R R T AR B e, ELE T
MRC Leaf edge occasionally Large area of brown patches appeared on 30 100 1 5 0
scorched the leaves, and the shedding was serious
CHPB J& None J& None 0 0 0 0 100
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HZ. FHEA T HLS, EAYCORSH:; YGQ. FAE St
MRC. SR LI (F AZE) s CHPB. H 4B A . [7) A A
INE FREFR IR SR 0. 05 KF A AR EEZER. TR,
K1 milpa T 9 AW RFm e aE S
FUAE X B K &2
MY, Sweet Gem. MGC, Meigui Chun. CZFY. Chuizhi
Fenyu. JYFY, Jinye Fenyu. HZ, Shangzhi Huazhang.
HLS, Shangzhi Huanlesong. YGQ, Shangzhi Yueguangqu.
MRC, Camellia uraku. CHPB, Wirlinga Cascade.
Different normal letters within same stage indicate significant
difference among cultivars at 0. 05 level. The same as below.
Fig. 1 Photosynthetic pigment contents and relative
water contents in leaves of 9 Camellia cultivars

under high temperature stress
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Table 3 Photosynthetic parameters of 9 Camellia cultivars under high temperature stress
e W& #E P /[pmol/(m” « 8)] SALRE G, /[pmol/(m® « )]
Cultivar 0h 5h 7d 0h 5h 74d
MY 3.0140.02e 1.09+0.01d 0.474+0.01g 0.03240.001f 0.01140.001e 0.00240. 001f
MGC 5.2140.02b 3.81£0.02a 0.14=+0.01i 0.05740.001c 0.046=40.001a 0.00240.001f
CZFY 4.26740.02c 0.33+0.01f 2.31+0.01b 0.06040.001b 0.00440.001g 0.01440.002e
JYFY 6.46+0.02a 0.24-+0.01g 0.83+0.01f 0.06440.001a 0.00640.001f 0.01340.001e
HZ 2.354+0.01g 0.25+0.01g 0.41+0.01h 0.01440.001g 0.007=40. 002f 0.035%40.001c
HLS 2.83+0.01f 1.734+0.01b 2.83+0.01a 0.03440.001e 0.01140.001e 0.043740.001a
YGQ 1.6340.02h 1.0340.01le 1.7440.01c 0.01540.001g 0.01540.001c 0.02840.001d
MRC 1.3940.01i 1.014+0.01e 1.1640.01e 0.01440.001h 0.013240.001d 0.03840.001b
CHPB 3.62+0.02d 1.6040.01c 1.6340.02d 0.04340.001d 0.02440.001b 0.01540.001e
o MifE CO, ¥EE C,/(pmol/moD) ZEMB#EE T /[mmol/(m® « )]
Cultivar 0h 5h 7d 0h 5h 7d
MY 241.8241.90e 243.314+3.57f 43. 6342, 04f 1.1240.02¢ 0.26+0.01d 0.05+0.01f
MGC 243.84+1. 32e 274.45+1. 60e 285.90+12. 83¢ 1.9440.01c 1.0540.01a 0.04=+0.01f
CZFY 278.3740.63b 285.2144.10d 125.16430. 42e 1.9940.01b 0.11=£0.01f 0.2640.03d
JYFY 228.09+2.55¢ 349.474+4.23b 298.83+6. 25¢ 2.17+0.03a 0.16=+0.01e 0.237£0.01e
HZ 170. 2944, 54f 364.04+13.72a 378.88+0. 62a 0.36+0.01g 0.194+0. 05e 0.824+0.02a
HLS 288.6640.41a 171.8745. 23g 290. 87+3.50¢ 0.80+0.01f 0.2640.01d 0.8340.02a
YGQ 254.96+4. 60d 308.55+2.41c¢ 300.19+2. 32¢ 0.3640.01g 0.37+0.01c 0.48=+0.01b
MRC 266.80+5. 71c 290.3742.89d 355.734+0.50b 0.33£0.01h 0.257+0.01d 0.474+0.01b
CHPB 259.324+1.07d 305.87+1.03c 222.67+4.88d 1.2940.01d 0.544+0.01b 0.347+0.01c

T RGNS 5B R 7R SR ITE 0. 05 K P A 7E B35 22 5

Note: Different normal letters within same column indicate significant difference among cultivars at 0. 05 level.
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Fig. 2 Chlorophyll fluorescence parameters of 9 Camellia cultivars under high temperature stress
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Table 4 Correlation coefficients between different indexes of 9 Camellia cultivars under

high temperature stress for 5 h (below diagonal) and 7 d (above diagonal)

I}Edjf?x XS Xl X' X(S X7 X8 Xf? Xln Xll XIZ XlS XH le)
Xy 0.99" 0.06 —0.15 0.19 0.23 0.31 0.01 —0.14 0.31 —0.30 —0.46 —0.21 —0.41
X, —0. 0.21 —0.19 0. 0.877 0.847 0.76° —0 —0.91"  0.76" 0.16 —0.02 —0.46 —0.12
X, — 0.14  —o0. 0.07 0.11 0.22 0 0.00 0.22  —0.36 —0.48 —0.15 —0.48
X, 0.897 —0. —0.11 —0.13 —0.07 0 0.28 —0.07 0.27 0.16 0.18 0.10
X;  —o. —0.40 —0.54 0.21 0.25 0.05 —0 —0.29 0.05 0.67 0.58 0.11 0.37
X 0.20 0.08 0. — 0.977 0.897 —0 —0.8 " 0.89" 0.48 —0.09 —0.66 —0.24
Xy 0.20 0.09  —o0. 0.99" — 0.947 —0 —0.79"  0.94" 0.46 —0.16 —0.75"° —0.33
Xy 0.04 0.02 —0 0.78" 0.83" — —0 —0.63 1.00" 0.30 —0.40 —0.81" —0.52
X, 0.14 0.14  —0 0.65 0.73°  0.877 — 0.86" —0.20 —0.27 —0.50 —0.16 —0.54
X, —o. —0.17 —0.01 —0 —0.80" —0.73° —0.51 —0.26 — —0.63 —0.43 —0.25 —0.27 —0.17
Xy 0.04 0.02 —0 0.78" 0.837 1.007 0.877 —0.51 — 0.30 —0.40 —0.81" —0.52
X,  —o. 0.01 0.01 0 0.47 0.37 0.10 0.09 —0.57 0.10 — 0.52  —0.06 0.40
X3 —0. —0.01 0.11 0 0.15 —0.01 —0.15 —0.26 —0.43 —0.16 0.80" — 0.66 0.94"
Xy, —o. —0.03 0.01 —0 —0.73" —0.77 —0.63 —0.74 0.37 —0.63 —0.54 0.01 0.76"
Xi;  —o. —0.15 0.01 0.57 0.08 —0.07 —0.20 —0.37 —0.29 —0.20 0.68° 0.95" 0.09 —

WX, IHRE SR X,

Note: X, . chlorophyll content. X, .

M4 E a/bs X, KBEH P ESREX, M ERT X, MY EKE: X, F,/F, :X,. F,/F:
ETR;X ,. P, 3X 3. G 3X . CsX 5. T Rl * 5 o 2050 328 AH G MK 5 3% (P<<0. 05) 54 i 3% (P<<0. 01) K-

chlorophyll a/b. X, . carotenoids content. X, . xanthophyll content. X; .

Xg. Ppgp 5 Xg.qp3 Xy qns X

relative water content, X, maximum photo

chemical efficiency. X, . potential photochemical efficiency. Xy . actual photochemical quantum efficiency. X, , photochemical quenching coefficient. X, . non-pho-

tochemical quenching coefficient. X, , electron transport rate. X, , net photosynthetic rate. X, .,

X5 + transpiration rate. The same as below.

stomata conductance. X, »

* and ** indicated significant correlation at P<C0.05 and P<0.01, respectively.

intercellular CO, concentration.
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0. 053X, — 0. 026X, + 0. 067X, + 0. 067X, +
0.088X; + 0. 198X, + 0. 173X, + 0. 098X, +
0.077X, — 0. 194X, + 0. 098X, + 0. 249X ,, +
0.189X,,—0. 174X, +0. 162X ;) F & a7 d
ZEATR M REAI (D =0. 082X, +0. 216X, +0. 052X,
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0.150X, — 0. 202X, — 0. 240X, + 0. 150X, +
0.158X,,+0.106X,,—0. 031X, +0. 072X ;). D
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Table 5 Coefficient (C), contribution rate, and comprehensive weight (W) of
principal components under high temperature stress
4 47 oh rd
Index c1 &) 3 1 W c1 ) 3 1 W
X, 0.13 —0.35 0. 37 0.12 0.122 0. 147 —0.263 0.473 0. 310 0.082
X, —0.13 0.07 —0. 26 0.70 0.054 0. 346 0.105 0. 248 —0.094 0.216
X, 0.12 —0.31 0.41 0.11 0. 144 0.102 —0.299 0. 454 0. 348 0.052
X, 0.09 —0.29 0.42 0.21 0. 310 —0.071 —0.023 —0.091 0.683 0.019
X —0.04 0.42 —0.04 —0.02 0.029 0.041 0.307 —0.129 0.228 0.118
X 0. 39 0.11 0.01 0. 00 0.077 0.376 0.113 —0.049 0.026 0.207
X, 0.40 0. 04 —0.05 0.03 0. 089 0. 385 0.072 —0.100 0. 049 0.195
Xy 0. 37 —0.02 —0.18 —0.15 0. 060 0.378 —0.052 —0.137 0. 051 0. 150
X, 0. 35 —0.14 —0.18 0. 04 0. 104 —0. 155 —0.337 —0.395 0.217 —0.202
X —0. 30 —0.21 —0.17 0. 25 0.079 —0.309 —0.260 —0.220 0.103 —0. 240
X 0. 37 —0.02 —0.18 —0.15 0. 060 0.378 —0.051 —0.138 0.052 0. 150
X, 0.16 0. 37 0. 24 0. 31 0.102 0.115 0.340 —0.298 0.392 0.158
X 0.02 0. 37 0. 38 —0.02 —0. 050 —0.120 0. 448 0. 100 0.151 0.106
X —0.32 —0.08 0. 14 —0.49 0.052 —0. 301 0.198 0.319 0. 104 —0.031
X5 —0.03 0.41 0. 31 0. 00 —0.034 —0.170 0.420 0.174 0. 044 0.072
FFE{H Eigenvector 5.664 3.628 2. 889 1. 246 — 6. 440 4.097 1. 744 1. 403 -
Conlribjffétf}rale/% 37.76 24.19 19. 26 8.31 — 42.933 27.316 11. 627 9.352 -
E ST
Accumulative 37.76 61.95 81.21 89.51 — 42.933 70. 249 81. 876 91. 229 -

contribution rate/ %
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Table 6

Comprehensive index value [CI(x)] and comprehensive evaluation value (D) of

9 Camellia cultivars under high temperature stress

B 5h 7d
Cultivar CI(1) CI(2) CI(3) CI(4) D CI(D CI(2) CI(3) CI(4) D
MY 1.27 —0.86 —0.79 —0.14 0.121 1.53 —1.39 —0. 46 —1.62 0.191
MGC 1.27 1.07 1.49 —0.24 1.122 0.74 —1.65 1. 00 —0.69 —0.090
CZFY 3.25 —1.65 —2.14 —1.26 0. 348 2.75 —0.62 —1.01 —0.43 0.935
JYFY —3.85 —2.47 —1.13 1.03  —2.436 —4.45 —2.98 —1.23 0.74  —3.060
HZ —3.83 0.59 0. 24 —1.86  —1.578 —3.89 1.80 1.80 —1.05 —1.172
HLS 0.61 1. 64 —1.96 1. 60 0.428 0.20 1.85 —1.23 —0.75 0.412
YGQ —0.31 2.49 0.56 0.67 0.726 0.14 1.37 —0.88 1. 94 0.565
MRC 0. 37 1. 69 0.59 —0.50 0.693 0. 54 2.93 0.01 0. 50 1.182
CHPB 1.21 —2.50 3.14 0.70 0.576 2.32 —1.48 2.13 1.34 1.057
s W i e ThEE I Tk PS T Wk i e REH Tl
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