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Abstract; By comparing the manifestation of freezing damage, changes of physiological indexes, and leaf
anatomical structure characteristics of Michelia ‘ Zhongshanhanxiao’ and mother tree of M. compressa
(Maxim.) Sarg. and its progeny without obvious phenotypic variation under natural overwintering
condition, the cold resistance of three test plants were comprehensively evaluated. The results show that
during the natural overwintering period (from December 1, 2021 to February 25, 2022), three test

iR B 2022-07-27

E&TH: LAV FH A ERIF 45BN H (CX(21)3044)

EEEN: B f#(1998—) , B VLV EAHN, BHF5EAE , R8N SR Y IR -5 A SR 7 R

DWAZVEH E-mail; yinyl066@ sina.com; ghwang@ njfu.edu.cn

SURMSL: B b, Wk, EXR, % IR A A R B0 USRS ] HOIVEIR 5B, 2023,
32(1): 29-38.



30

N7/ I AR SRS A

plants all have a certain degree of freezing damage, in which, the freezing damage degree of the progeny
without obvious phenotypic variation of M. compressa is the highest, followed by the mother tree of M.
Compressa , and that of M. ‘ Zhongshanhanxiao’ is the lowest. During the natural overwintering period,
soluble sugar content, soluble protein content, proline content, superoxide dismutase activity, and
malondialdehyde content in leaves of three test plants generally show a tendency to first increase and then
decrease over time, in which, the peak values of soluble sugar content, soluble protein content, proline
content, and superoxide dismutase activity in leaves of M. ‘Zhongshanhanxiao’ are the highest, while
that of malondialdehyde content in leaves of the progeny without obvious phenotypic variation of M.
compressa is the highest. There are significant differences in nine anatomical structure indexes of leaves
among three test plants, in which, the cell tense ratio and palisade parenchyma thickness of leaves of M.
‘ Zhongshanhanxiao’ are significantly greater than those of the mother tree of M. compressa and its
progeny without obvious phenotypic variation; the nine anatomical structure indexes of leaves can be
divided into three categories by using cluster analysis; cell tense ratio, palisade parenchyma thickness,
and leaf thickness can be selected as three typical indexes by using correlation analysis and correlation
index calculation. The subordinate function analysis result shows that in the comprehensive evaluation
based on five physiological indexes and three typical leaf anatomical structure indexes, the averages of
subordinate function values of M. ¢ Zhongshanhanxiao’ are the largest, while those of the progeny without
obvious phenotypic variation of M. compressa are the smallest. The comprehensive analysis shows that the
cold resistance of M. ‘ Zhongshanhanxiao’ is the strongest, followed by the mother tree of M. compressa,
and that of progeny without obvious phenotypic variation of M. compressa is the weakest.
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Table 1 Basic growth information of three test plants ( X+SD)
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bisL7/Ru ¥R/ em i/ em M4/ em SR/ em #REE/ em A8/ em
Plant" Height Ground diameter Diameter at breast height Crown diameter Plant spacing Row spacing
Z 600+50 15.4+2.6 13.3+2.4 472+66 50 50
M 67060 20.8+4.3 16.9+4.1 454+57 200 200
N 400+40 7.5+1.2 6.8+1.6 215+45 50 50

D7z, &% Michelia ¢ Zhongshanhanxiao’ ; M. & V& & 2R Mother tree of M. compressa (Maxim.) Sarg.; N &% & o] B £ RIS H R

Progeny without obvious phenotypic variation of M. compressa.
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Progeny without obvious phenotypic variation of M. compressa.
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Fig. 1 Typical leaves of three test plants after natural overwintering

2.2 HEBIERTARESIEN
HARAT 3 PR AE Y A (098 15 87 ) 5T
T A I 2,3 RS RL Y R i R L
AT T35 PR 2 ) AR L3R 35 T 5 A
FRES PRI LE S TEM A5 R LR 4,
22,1 BFERATHRAEZTHEN GR(EK2) EBR,
H AR A I E) (2021 4F 12 A 1 H & 2022 4£ 2 A 25
H),3 Ffil it i nlis e s B 2 e TR e
FEARA AR AL a3 7E 2022 4F 1 A 15 H AR, H:
Il AR B R R (54.78 mg - g7 ), BIEEY
RRIPIRZ (53.37 mg + g7, BIE E R TG I R A
A8 S AR (51.89 mg » g7') fH =] 2% R
= O20214FE12 1 HE20224E1 15 H, G5
SR TCA i A A AR S AR gm0 3G
3 P R, M 59.32%, 2022 4E2 H 10 H
2022452 H 25 H 3 AP b Y R 8wl s
A TR H IR AN RO AR R K
GER(FR2) L IR H AR ], 3 kA
Yyt AT PE B BT R S T R R R AR Ak
G TE 2022 4E 2 H 10 HsEg(E, Hp < il &
S A A (1.81 mg - ¢ '), B SR IR Z
(1.65mg + ¢, AE TR B RA L S TR EAK
(1.55mg - ¢ "), H hIIFE S - HHERR
FO2021 412 H1 HE202242 A 10 H, il
8 I B AT A R 1A A A B R 3 ARk A
Bk, 141.33%, 2022 4E2 H 10 HE2 H 25 H,
3 Pt I R AR R T R R R,
o G 18 E BRI BRI, 0 21.21%,
FiR(FR2) I BoR . AR, 3 Rt iE
Yot v IR 1 i R ST R R BRI AR ek # 7E
2022 4F 1 H 15 HakBUE(E, Horpr, il &5 g
Hiem (67.85 pg + ¢, AIE HFEBM K Z (62.41
peg g ), BIEEEICH B R AR 5 R A (56.40
pe e ) H=FEERFEE 221 F 12 H1 HE
20224F 1 H 15 H, il &5 2R & = 11 IR 78
3 AR P RO, N 71.82%, 202241 A 15 HE
2022 472 A 25 H,3 Atk B 0l E R A e 2
RS H Pl R IR R, R 8.18%
SR EA 3 AR P TS e T
PEER (ORI 202 7 2 1 AR e B B IEE R
CHILEE B 3 ANERR I E S R, B SR
JCHA i A AR AR R A



514 BS g, AF ISR 5 B S AR L] R R S AU T e B 33

®2 BAABETIMEGIEYHEEEETUREIENEL(XSD)Y

Table 2 Changes of osmoregulation substance contents in leaves of three test plants under natural overwintering (X+SD) !

AR IEEAR S/ (mg - ¢7)

AR R/ (mg - g7) HERETE/ (pg-g")

H 1] Date Soluble sugar content Soluble protein content Proline content
g p
(CCYY-MM-DD)

M N 7z M N Z M N
2021-12-01 35.47+1.44a 36.38+0.43a 32.57+1.74b  0.75+£0.02b 0.89+0.08a 0.92+0.05a 39.49+2.58a 37.08+2.13a 36.56+2.05a
2021-12-15 38.71+1.01a 37.33+3.28a 35.35+£1.26a 0.85+0.10b 1.02+0.07a 0.86+0.03b 43.68+1.44a 41.52+1.64a 44.72+1.99a
2022-01-01 52.35+3.02a 42.94+3.53b 50.24+3.35a  0.99+0.10b 1.13+£0.07a 1.22+0.09a 56.61x4.53a 56.86+1.67a 53.64+3.29a
2022-01-15 54.78+1.24a 53.37+3.80a 51.89+2.55a 1.33+0.10b 1.34+0.11b 1.42+0.05a 67.85+3.04a 62.41£2.11b 56.40+2.70c
2022-02-10 52.59+2.18a 50.68+0.95a 47.26+1.50b 1.81+0.06a 1.65+0.09b 1.55+0.06b 66.81+1.49a 60.07+£2.79b 55.87+5.30c
2022-02-25 49.67+1.26a 46.22+1.33a 45.99+2.38a 1.44+0.04a 1.30+0.05b 1.34+0.06b 62.30+3.34a 57.75+1.46b 55.42+1.70b

D7z, 5% Michelia ¢ Zhongshanhanxiao’ ; M. & V8 & 2R Mother tree of M. compressa (Maxim.) Sarg.; N &% & o] B LRI H R
Progeny without obvious phenotypic variation of M. compressa. [RATHAIR/ING FHEFR R A [RFEY) 0] 22 57 .3 ( P<0.05) Different lowercases in the
same row indicate the significant ( P<0.05) difference among different plants.

®3 BHAELST I MEREYH FE8SLYWELE (SOD) F A _E (MDA) MK (X+SD) "
Table 3 Changes of superoxide dismutase (SOD) activity and malondialdehyde ( MDA ) content in leaves of three test plants under natural
overwintering (X+SD)"

H # Date SOD 7%/ (U - g’l ) SOD activity MDA i/ (nmol - g’l ) MDA content
(CCYY-MM-DD) 7 i N 7 Vi N
2021-12-01 112.38+2.59a 98.13+2.86b 93.65+1.38b 18.21£0.17a 16.99+0.39b 15.82+0.47¢c
2021-12-15 121.29+4.47a 108.83+3.47b 96.13+0.81¢ 19.74+0.65a 17.28+0.41b 19.64+0.25a
2022-01-01 141.65+2.39a 119.74+3.78b 104.46+2.59¢ 24.28+0.71b 23.42+0.96b 26.07+0.92a
2022-01-15 134.41+1.36a 135.36+2.09a 123.61+4.74b 25.70+0.52b 26.33+0.45b 31.30+1.43a
2022-02-10 156.83+3.67a 143.71+2.34b 133.47+3.45¢ 32.53+0.57b 30.15+£0.92¢ 34.74+0.47a
2022-02-25 130.61+4.02a 128.55+4.65a 121.42+2.28h 29.48+0.74a 27.29+0.73b 28.29+0.55b

V7. W& % Michelia “ Zhongshanhanxiao® 5 M; 55 E Mother tree of M. compressa (Maxim.) Sarg.; N: &5 &4 0 i AR 744
Progeny without obvious phenotypic variation of M. compressa. [FAT AN R/ ING PR R AN [RI AR P 18] 22 5+ 2 35 ( P<0.05) Different lowercases in the
same row indicate the significant ( P<0.05) difference among different plants.
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Table 4 Comprehensive evaluation on physiological indexes of three
test plants
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»e e e Sha Mo 46.45% . 2022 42 F 10 % 2022 4E 2 A 25 H,3
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Dz, Il & % Michelia * Zhongshanhanxiao’ ; M. 375 & S 144
Mother tree of M. compressa ( Maxim.) Sarg.; N. 515 &I B %
HIAF 5% F % Progeny without obvious phenotypic variation of M.
compressa.

2)SSC. Al A A Soluble sugar content; SPC: R RS
1 Soluble protein content; PC. i %12 & & Proline content; SDA .
HRAAPE AL G PE Superoxide dismutase activity; MC; P9 &

i Malondialdehyde content.
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Table 5 Comparison on leaf anatomical structure indexes of three test plants ( X+SD)!)

)
i%%tz) CT/pm UET/pm LET/pm PPT/pm SPT/pm LT/pm P/S CTR CSR
an
7z 4.54+0.25a  18.59+1.13¢  9.82x1.24c  138.55+5.25a 157.94+7.55a 335.00+11.83b 0.88+0.04a 0.41+£0.02a 0.47+0.0la
M 3.44+0.41b  26.71+2.18a 13.63+2.40a 131.88+3.95b 157.56+9.88a 347.92+11.49a 0.84+0.06a 0.38+0.0l1c 0.45+0.03b
N 3.20+0.16b  21.32+1.94b 11.89+0.85b 120.74+4.41c 141.37+3.85b 303.63+7.02c¢  0.85+0.03a 0.40+0.01b 0.47+0.0la
A 3.73 22.21 11.78 130.39 152.41 328.85 0.86 0.40 0.46
CV/%  17.65 17.35 18.94 6.65 6.92 6.51 5.27 4.84 3.87

DCT; fFJZIEEE Cuticle thickness; UET; b3 JZJEFF Upper epidermis thickness; LET; 2 ZJEF Lower epidermis thickness; PPT; HFRA£H 415
J Palisade parenchyma thickness; SPT. ¥ 4% 20 1% & Spongy parenchyma thickness; LT: M FJ5 & Leaf thickness; P/S: HF ¥ Lb Palisade
parenchyma and spongy parenchyma ratio; CTR : ZHfi25 4 5% B Cell tense ratio; CSR: UL BRALFE Cell spongy ratio. [F5 R /INE F 1}
INAN ﬁ*ﬁ%lﬂ%ﬁ‘ﬁ%(fROOS) Different lowercases in the same column indicate the significant ( P<0.05) difference among different test plant.

V7. I Michelia * Zhongshanhanxiao® ; M &5 &% Mother tree of M. compressa (Maxim.) Sarg.; N: 5855 5T I ZRAR 74X
Progeny without obvious phenotypic variation of M. compressa. A: YJ{H Average. CV: 285 2% Coefficient of variation.
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vb: 4R Vascular bundle.

A: WUIESE Michelia * Zhongshanhanxiao® 5 B: {31 & 5C B Mother tree of M. compressa (Maxim.) Sarg.; C:

Progeny without obvious phenotypic variation of M. compressa.
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Fig. 2 Anatomical diagram of leaf structure of three test plants
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Fig. 3 Cluster diagram of leaf anatomical structure indexes of three
test plants

Table 6 Correlation analysis on leaf anatomical structure indexes of three test plants'

Je ks ARIRIFEARIAI YA ZREL  Coefficient of correlation among different indexes

Index CT UET LET PPT SPT LT P/S CTR CSR
CT 1.000

UET -0.475 1.000

LET —0.555 = 0.640 = 1.000

PPT 0.700 3 -0.152 -0.331 1.000

SPT 0.455 0.081 -0.115 0.673 ** 1.000

LT 0.300 0.359 0.133 0.718 % 0.815 1.000

P/S 0.272 -0.287 -0.257 0.384 = -0.422 * -0.129 1.000

CTR 0.537 ## ~0.675 # -0.618 = 0.410 * -0.162 -0.341 0.694 1.000

CSR 0.282 -0.421 * 0.399 * -0.004 0.394 = -0.211 -0.510 #x* 0.264 1.000

DCT. 2R Cuticle thickness; UET: |35 Upper epidermis thickness; LET: TR Lower epidermis thickness; PPT. MRL 2 4
J& Palisade parenchyma thickness; SPT: 4% 20 212 ¥ Spongy parenchyma thickness; LT: M F JE B Leaf thickness; P/S: i} i Lt Palisade
parenchyma and spongy parenchyma ratio; CTR : 4HJfI45F4'E % Cell tense ratio; CSR; ZHHIZSHBIIARE Cell spongy ratio. * ; P<0.05; *# . P<0.01.
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Table 7 Correlation index and ranking of leaf anatomical structure
indexes of three test plants

S qhRY LB 4 FrhflEr
Category Index" Correlation index ~ Ranking in category
I CTR 0.335 1
CSR 0.149 6
P/S 0.193 5
CT 0.195 4
LET 0.265 3
UET 0.270 2
I PPT 0.453 1
SPT 0.453 1
I LT 1.000 1

D CTR . #4544 Z % & Cell tense ratio; CSR ; M 25 R R AN BE Cell
spongy ratio; P/S: M} i I Palisade parenchyma and spongy
parenchyma ratio; CT: ffi5i)ZJ5 % Cuticle thickness; LET; T}
JEJ# Lower epidermis thickness; UET: R Upper epidermis
thickness; PPT; A2 240 41 )& B Palisade parenchyma thickness;
SPT. MF4ZH 4R JE Spongy parenchyma thickness; LT AR R
Leaf thickness.

F8 3MHEY I R BRRE SAERN S SN
Table 8 Comprehensive evaluation on typical anatomical structure
indexes of leaves of three test plants

] SO PR
izt Subordinate function value? i ey
Plant! Average Ranking
CTR PPT LT
Z 0.679 0.770 0.608 0.686 1
M 0.246 0.553 0.803 0.535 2
N 0.476 0.190 0.136 0.267 3

V7. ¢ d 11 &% Michelia * Zhongshanhanxiao’ ; M 7% & S5 £ 4
Mother tree of M. compressa ( Maxim.) Sarg.; N B SEICH E
#1745 5 F R Progeny without obvious phenotypic variation of M.
compressa.

D CTR: #0 I 45 4 % % B Cell tense ratio; PPT; A} 4% 41 41 & JiF
Palisade parenchyma thickness; LT: " & Leaf thickness.
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