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Screening of leaf cold-resistant structural indexes and
cold-resistance evaluation of five Michelia species

TAN Yinyin, JIN Xiaoling ", YU Qiuxiu, SUN Lingxiao
( College of Landscape Architecture, Central South University of Forestry and Technology, Changsha 410004, China )

Abstract; In order to screen the cold-resistant structural indexes of five Michelia species ( Michelia macclurei, Michelia
‘Danxia’ , M. crassipes, Michelia ‘ Yuxia’ and M. yunnanensis) and evaluate their cold-resistance according to the leaf
anatomy, nine structural indicators such as thickness were measured at three temperature nodes (normal temperature

natural cooling and low-temperature wintering). We selected cold-resistant structural indexes by clustering analysis and
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principal component analysis, and used the membership function method to evaluate the cold-resistance of five Michelia
species. The results were as follows: (1) Cold-resistant structural indexes selected by cluster analysis at different cooling
stages were different. At normal temperature, the ratio between palisade tissue and spongy tissue (P/S), sponge tissue
(TS) and lower epidermis thickness (TL) were representative indicators; at natural cooling stage, P/S, TS and cuticle
thickness (CT) were representative indicators; and in the low-temperature over wintering period, thickness of palisade
tissue (TP ), TS and thickness of upper epidermis (TU), and the orders of cold-resistance in three periods were
completely different according to membership function analysis. (2) The indicators selected by principal component
analysis were TU, P/S and looseness of palisade tissue (SR). The cold-resistance of five Michelia species evaluated by
membership function was M. macclurei >M. crassipes >Michelia ‘ Danxia’ > M. yunnanensis > Michelia ‘ Yuxia’. The
results were consistent with the field observation and physiological and biochemical evaluation results. It could be
concluded that clustering analysis on screening cold-resistant structural indexes and evaluate cold-resistance based on the
leaf structure indicators at a single period had certain defects, while the principal component analysis on evaluating cold-

resistance by screening indexes had more reference value.

Key words: Michelia, leaf anatomical structure, cluster analysis, principal component analysis, cold-resistance
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Table 1  Comparison of leaf structure characteristics of five Michelia species (2018-09-20)

Ei=L Y P &5 e ER AT CEE AR THMER B RE
Index M. macclurei Michelia * Danxia’ M. crassipes Michelia * Yuxia’ M. yunnanensis CV (%)
LT (pm) 461.928+1.237a 314.510+1.632¢ 395.231+0.805b 369.837+1.839¢ 318.224+0.630d 16.370
CT (pm) 3.444+0.024b 2.305+0.049¢ 3.408+0.020b 4.330+0.033a 1.321+0.015d 39.325
TU (pm) 40.779+1.073a 39.738+0.526a 23.616+0.413¢ 31.014+0.760b 19.494+0.252d 30.642
TL (pm) 9.224+0.030d 10.011+0.418¢ 12.858+0.208a 10.421+0.330bc 10.848+0.369b 12.75
TP (pm) 123.731+1.253a 103.501+1.032b 101.246+1.902b 82.420+1.133d 89.258+0.630c 15.818
TS (pum) 274.390+0.664a 181.058+0.643¢ 255.186+1.397b 236.136+4.230c¢ 195.458+0.313d 17.311
P/S 0.451+0.005b 0.572+0.004a 0.397+0.009¢ 0.349+0.002d 0.457+0.003b 18.702
CTR 0.268+0.003¢ 0.329+0.003a 0.256+0.005d 0.223+0.002e 0.280+0.002b 14.271
SR 0.594+0.003¢ 0.576+0.003d 0.646+0.004a 0.639+0.008a 0.614+0.001b 4.828

I ARVNG TR 53R R B 257 (P<0.05) . TIF,

Note : Different lowercase letters indicate significant differences ( P<0.05). The same below.
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Table 2 Comparison of leaf structure characteristics of five Michelia species (2018-11-20)

Ei=L Y P 5 K R ER AT CREEER nMER SR A
Index M. macclurei Michelia‘ Danxia’ M. crassipes Michelia“ Yuxia’ M. yunnanensis CV (%)
LT (pm) 349.556+3.060a 311.377+3.038¢ 300.93+2.266d 339.864+1.265b 301.089+2.109d 6.253
CT (pm) 3.668+0.052b 2.974+0.112¢ 2.810+0.021d 3.879+0.070a 2.086+0.087e 23.246
TU (pm) 28.885+0.932b 26.643+0.549¢ 25.943+0.549¢ 31.764+0.777a 20.143+0.533d 25.068
TL (pm) 10.036+0.089b 7.700+0.194d 8.61+0.219¢ 10.489+0.101ab 10.901+0.528a 14.100
TP (pm) 127.068+1.702a 103.023+0.847¢ 112.620+1.727b 96.909+1.052d 95.852+0.671d 12.141
TS (pum) 179.900+3.604b 171.038+2.021¢ 150.946+2.131d 196.824+0.868a 172.107+1.744c¢ 9.519
P/S 0.707+0.023b 0.603+0.005¢ 0.746+0.018a 0.492+0.007e 0.557+0.002d 16.882
CTR 0.363+0.008b 0.331+0.002¢ 0.374+0.006a 0.285+0.003e 0.318+0.001d 10.731
SR 0.515+0.006d 0.549+0.002¢ 0.502+0.005e 0.579+0.003a 0.572+0.003b 6.287
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A-C are M. macclurei; D-F are Michelia ‘ Danxia’ ; G-I are M. crassipes; J-L are Michelia ‘ Yuxia’ ; M-O are M. yunnanensis. Samples
from left to right are September 20th, 2018, November 20th, 2018, and January 20th, 2019.
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Fig. 1  Anatomical maps of leaf structure of five species of Michelia in three periods



1302

L

x3I EMEXEEYMH R SMSMELRE (2019-01-20)

Table 3 Comparison of leaf structure characteristics of five Michelia species (2019-01-20)

ity
Index

P 5 K

M. macclurei

PHE ER

Michelia ‘ Danxia’

M. crassipes

LT (pm)
CT (pm)
TU (pm)
TL (pm)
TP (pm)
TS (pm)
P/S
CTR
SR

311.107+2.997a
4.399+0.048a
32.544+0.492b
11.564+0.429h
137.666+1.828a
124.934+1.614c¢
1.102+0.013a
0.443+0.003a
0.402+0.003d

282.047+2.300d
3.577+0.003b
33.981+0.950a
9.391+0.113d
109.189+1.157d
125.901+0.671¢
0.867+0.010b
0.387+0.003¢
0.446+0.003¢

309.950+2.264a
4.469+0.081a
23.398+0.908d
10.688+0.205¢
122.624+0.611b
148.770+2.155a
0.824+0.009¢
0.396+0.002b
0.480+0.004b

41 %

CERD ZROE BRRM
Michelia ‘ Yuxia’ M. yunnanensis CV (%)
297.349+1.446b 290.122+4.099¢ 4.215
4.393+0.058a 3.002+0.018¢ 16.445
33.436+0.339ab 25.896+0.738¢ 16.278
13.082+£0.459a 12.134+0.785b 12.386
112.702+0.450¢ 101.392+1.657e 11.975
133.736+0.922b 147.699+3.984a 8.444
0.843+0.006bc 0.687+0.026d 17.363
0.379+0.001d 0.350+0.009e 8.637
0.450+0.002¢ 0.509+0.007a 8.768

F4 HXEBHEREFHFE (2018-09-20)

Table 4  Correlation coefficients of the parameters

and their orders (2018-09-20)

Fzo6 MHXIBHEREFHF (2019-01-20)
Table 6  Correlation coefficients of the parameters and

their orders (2019-01-20)

e LE R b ga)&ééﬂz KR e SRR Tﬁa‘é%ﬁéﬁz %EPﬁFJ?
Classification  Structural index orrelation  Sort in Classification  ruetural Correlation  Sort in
index class index index class
1 M Ltk P/S 0.442 1 1 Wit Lk P/S 0.597 3
YN LAY BB CTR 0.403 2 Lk R CTR 0.686 2
IR KR TU 0.226 3 2R BE CT 0.502 4
M 1 4R BE TP 0.225 4 ML SR BE TP 0.747 1
2 R B TL 0.660 2 iR LT 0.477 5
4R UL BE TS 0.716 1 2 REIRE TU 1.000 1
f R R EE CT 0.444 3 3 MR ZURLRE TS 0.442 1
3 N R EJEEE TL 0.622 1 TR TL 0.037 3
LA BLIAEE SR 0.622 1 YN M S5H AL HE SR 0.397 2

*F5 HEEBHEEHRE (2018-11-20)

Table 5 Correlation coefficients of the parameters and

their orders (2018-11-20)

e A bR fﬂa‘é?&?ﬂz %ftﬂﬁff?—
Classification ?tmctural LUI"[’CIHUOH Sort in
index index class
1 Wt P/S 0.834 1
N 551 B 9% B CTR 0.816 2
B 4H LR TP 0.664 3
2 R EEEE TU 0.769 2
FBREE CT 0.856 1
At frREEE LT 0.692 3
3 AR ZUSE TS 0.368 1
N R B TL 0.240 3
YN S5 H AN BE SR 0.334 2

3 it

FEL) I o B 35 728 A 5 S SR, i B TR BE
FBCJRERE M 21 215 i 45 45 4 o of 3R 5 2 A
Az N (25 22452005 ) WA I R fife 5 45 4 X F
SRR BT HA BB

ABIFE 38 X = A AN R E i B 2 246
PR L5 A B, A M R 2 U ) A it i
H IS L R s A DR AR Ao T S5, AN [R] EESBS LA A TR Y
PR TR] —$5 A5 0 HE e I A S DR F — 2 A B
Wzl B LLE TR SR AR Y R UL, a5 TR K
SIMTIE AL RN 08 1 R S BT TE 45 A 48 B S Al
g LE AR SUS RERT R EJRERE 3 F AR IR )
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Table 7 Change rates of leaf structure indexes () of five Michelia species
b e PR EE E Vi CEE AR MR
Index M. macclurei Michelia * Danxia’ M. crassipes Michelia * Yuxia’ M. yunnanensis
AR LT -0.33 -0.10 -0.22 -0.20 -0.09
R EE CT 0.28 0.55 0.31 0.01 1.27
MR TU -0.20 -0.14 -0.01 0.08 0.33
R R TL 0.25 -0.06 -0.17 0.26 0.12
M2 LH 2R TP 0.11 0.05 0.21 0.37 0.14
A HLURE TS -0.54 -0.30 -0.42 -0.43 -0.24
M 1 P/S 1.44 0.53 1.05 1.40 0.50
YA L H B CTR 0.63 0.18 0.54 0.73 0.25
20 M S5 R B FA BE SR -0.32 -0.22 -0.26 -0.30 -0.16
*8 HAMEXKEEVYHREMEREBERE
Table 8 Variance of total interpretation of leaf structure indexes of five Michelia species
E RSy EINGEESNR (N T3 2 DU FitUr 2 vikoR
Principal component Initial eigenvalue(\) Variance contribution rate ( %) Cumulative variance contribution rate (%)
1 6.067 67.415 67.415
2 1.724 19.154 86.569

Fabm R M LU I 4 A1 2SR R A 52 R 5 AR
A IS B 48 B oA M AR 4 SR R A AL 40 )R R
AR 20X =S I A bR R AT SR
J& BB AT, T AR B A B FEMEHE T IR N AR ] X A
A3 Uk B LSS — > B 1 1 b R 85 4 48 B 50 A 4
HEAT LA R BT FEME T A7 AR — AN 2 . 47
BT FEGX R A B TR = A A e
SERBCHE W ST Ok A S R A R, N
I, 3 R FE AR AR A (B R, 2010) X — 5 A
[ FF 3 11 8 A I R RS ok, BB AE — 8 B b 0 X
— AR, BRIE(2015) iz HPLFE RS G E oo
Bk ik 7 3 Fh % 5 Jm A ) 1) U FE A= B AR A R
RO T B g = T ML G s g
4 (2019) 13 H FE 8053 43t i 07 0 6 B R B 4
IR0 5 6 T AR AT o SR PPN A D A . X1
BH 2 14 43 vk v A SO TR AR B T 1k . PRI
ASCHEAE b AR A X — FE R b, )R 32 B4 40 i
DT HRAR TR 1 , 15 2 3 T HFELS R bR, IR s
JH SR a8 pR RS0t T B 5 T AR ) Y 0 8 Ak AT O
W, PR 45 55 [R] 00 5 A B S AR PE A 1 25

FEAR—B, UL FH 3 B o3 o0 A 3k 0 3 1) 40 JE 2

R A —E NS H M H.

A RS R WA RL Y - i 5 45 H S AR P B
FEVEA G, R ITRMEA TR d M v 2 L 4544 1) B
FEARMW], R BRI LU A0 i 45 H K R R 4 i 4
PR BE 5 0 T 1R S DDA 5, ] A D AN BT 8 4
AOFE bR (RIFEFSAE,2012) o K5 53 25 (2009 ) A H]
I - 2H 2R 45 R 1 5 8 R R s B X ) R R
I 308 < B B T E R R AT LB Y 45 2R 5 S P
BER S5 R A — B, U I IX P45 b A5 T 28 1
DIRAG . VRBESE(2009) BIBIFFE 45 58 W 39 6 Y 2F
LR S L | b3 R R R S A 2 GAAT O
S SN L R IR ARG, AT
JG3 0 B O 8 B 3 JATC S I R gk ) 4 A 4 A )
AR EU 20 0 2 A R R R b R R R
FE L SURI 4 L 21 2 TB) A AL 1 A7 A6 3 M 0. 1 24
(5 2 (114 AT, 1986) , AN 5 FA A HE AR B 1
A TR 5 1 2 A )R R 22 T ) i 24 56 &%, AT LA
A BCHERR B — 2 A5 F 22 DR i B8 A 22 S5 A A
SE RN S A2 AR | S BOHRRE MRS 8 19 AN ) 52
Wi, 3% 5 5% R AF (2005 ) OB TS 45 R — B, 22 4
52 UEW] PR 2648 bm wl AR M U FE P E 46 b5
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Table 9  Principal component initial factor loading ( B,) matrix
F s W L fi 52 R TR WH=ZHE S B 4l 5544 YN 5514

Principal ]T‘?R JEERE JEERE JEERE JERE JE R P/S B B
component ’ CT TU TL TP TS CTR SR

1 0.903 0.879 0.546 -0.444 -0.489 0.963 -0.987 -0.933 0.987

2 0.205 0.112 0.804 0.496 0.770 0.198 0.143 0.327 -0.131

10 BAREMETEMEXEENMHFBISHARERHE
Table 10 Membership function of five Michelia species under low temperature stress
Y Ao Pl A 5K CPHEET AR VIS E B ER
Tree species M. macclurei Michelia * Danxia’ M. crassipes Michelia ‘ Yuxia’ M. yunnanensis
SR I e fE 0.523 0.502 0.505 0.445 0.497
Membership function value
HEJ¥ Ranking 1 3 2 5 4

7B — T8 b 19 0 e 20 & A AR ) b J8E 32 T A
HEE (BT T, 2014) il kR (B4R 4 2014) |
J7E 2 (XUHEREAE, 2013) IOPTIE S E I A5 46 b s %
THE JeE AL W) 1) A1 T )2 B JEE B TR T BB (PR R SR
2014) o BT SR B JE BRI AR S O AN [) 5 1
Ll 25 T € 1 A 25 48 s (# B 945 2016) o AS B
FE PR Y B B —FR AR bR R R B AR B
TRIR A5 25 3 BB AE ) (9 i 7 7K (Arrias et
al.,2017;Ana et al.,2018) , Hy It i 0 A% 9 i - 4%
PP XAV ek 1 e 3 ok R — 8 4 P 2 A1 25 s 3k
FRH IR A SR BUR, PR E TR A
21 AT kK AT BEZE R, R B b i AL AT 4 ol
T 55N TSR ISR R ZE R v R
& H ELAT Ul TR IR i i ) RE 2 pT FE RE T 5 1 R B
(BRIEVEAE,1992) X S K 240 5 3% J JR 2 B B A
K R, bR B IR B R AR S P FE S M AR AR A —
MSHMAE, AL, A8 AL A5 R I T A 9
YEHIFNEE A5 T 2 Ji BE 1Y) R 1 0 o8 AE ) 1 B JE 1
{HAFHE— LT,

4 i
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Yo 9 WM R S5 AR b, T4 25 LA — i
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