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Evaluation of Cold Resistance and Physiological Mechanism of Seven
Manglietia Species

HUANG Yibo, WANG Jieming”, LI Ruixue, XIANG Yanci, SONG Yu, YAN Lingyu

(School of Architecture and Art Design, Hunan University of Science and Technology, Xiangtan 411201, Hunan, China)

Abstract: In order to establish a comprehensive evaluation system for cold resistance of Manglietia species, the
key physiological indexes of cold tolerance in seven cutting seeding were determined under low temperature. The
fitting logistic equation was used to calculate the semi-lethal temperature of low temperature (LTso), and the key
indexes of cold resistance were screened and evaluated by membership function method. The results showed that
the LTso of seven Manglietia species were in the order of M. fordiana<M. insignis<M. nucifera<M. patun-
gensis<M. conifer<M. paruicula<M. crassipes, which had positively significant correlation with relative
conductivity. With the temperature decrease, the contents of free proline and soluble protein, activities of
superoxide dismutase and superoxide dismutase in seven Manglietia species fall after rising, while contents of
soluble sugar and malondialdehyde increasing and gradually leveling off. The cluster analysis showed that 7
Manglietia species could be divided into 3 groups, cold resistance of Manglietia fordiana and M. insignis were
stronger, M. nucifera, M. patungensis and M. conifera were medium, M. paruicula and M. crassipes were weak.
Key words: Manglietia; Low temperature stress; Physiological response; Cold resistance
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FEME, B REAL T X A S = . [ AR
SRR AR IR R E R .

H TP R RRZ, BB R
ok A7 O S B R A T SEVE DS, DR AR AR AT
FEMEAMN TR B BEE B RS, B R BB UE T
M. IR EHEIRE (semi-lethal temperature of
low temperature, LTso)FHHAtAH I E B TR bR FH T-90
FEVEVPN T8, T S PR BRI F T
FEARFEREE. BERE. BEOWIES. H
SR BB RE AT R S BT SE I AR
ICEEAR R, A FEREA I ZER, B2
12 TR 2% 8 (Magnolia)® 19, 4 %% & (Michelia)t-12]
FIE L8 (Malus) 3 Y ISERE ) (M BT SE MR T b o F
Wi SRS A AT ¥ 1 25 & POD i P 1T LAVE R ITAR
AW (2 N 711E S I R = v e S | L S SR RT3
18R AR AR E T % (MDA) fIl i 4 R 5 & K
POD. SOD itk kA S ER . BIRCHATER
HEYIPTIEME T T2, (22 e TR
R A AEFRFRFRIARA, XS HUIEME PEAN H
Tife bRk %, BIAEDIA . 276 Rt AE R
TV FEERT,

NIRRT AE B I HFE M S A L, A
BT 0 DA 7 A S Ja A 0 T M R R e iR B e
FEAR IR W38 W 5 - A XS 3 3, 481G Logistic
7R THEAEY ) LTs0, XFAHIC A B4R A5 AL 2 B At
FEREAT R A 3 Hr , 38 F S5 8 bR B0k AT PUIE VP
M, DU SR 2 A 8 A Y P SEME LR 6 VR
(N

1 PRI ¥

1.1 MR Ab B

2018 4% 4 F Dl e 48 KD AEA) el i B BEMRARY i
FEAA A KA B AR E (Manglietia fordiana).
ZLAEARTE(M. insignis). i fEASE(M. nucifera). =
ZRAE (M. patungensis). ERFLAE (M. conifera). #E
TEAIE(M. paruicula) FTFHAL ASE(M. crassipes)it 7
TR J& AL 5 A AR B AT 148 Sl . 2019 4F
10 H BF MR P ade A K AR — SO 14 B % 54 1k
BEER, JFE TR A AY) iR % 7
2 J, IRE 26°C, ¥RJE 70%, J% 55 200 umol/(m? s), 6
JA: 14 hoGRE/12 h B, X5 IL1 6 b, 78

N TAGIR A AT 5°C. 0°CL -5°C. —10°C. —-15C
A-20°CAKIE A 2 hDT, DL 5°C yxt i, AEACEE 3 #,
3IREL o YA ML 1) LA Fr, W 5E HL T
RAAH AL B AR bR o

1.2 ik

2 IR IR A 0 2 T8 v s T R R S R
(REC). Z M [ W 45 (g g vl JHG A 28 B 45 4%
MDA & &= HIRACEL L Z /R V5, I 25 i 208 (Pro) &
& AR M B0 =iy, SOD i A 20 VU M Y6 AL JiR
%, POD VEMER MG, AIVEYERE(SS) & & H
B Lty nIIE R 1 0 (SP) & & A 25 B e il
G-250 7%, B 3k, BUFHME.

1.3 Fm M

2 R I AR S5 ROV 7 ik S P TE SR R R A
(H)o S IEM IR HX) = (X~ Xmas)/ (i~ Xmin); £
A A R HOG)=1- (XK= Xmax)/ K= Xemin), 2o,
Xi NFEARIEE, Xmine Xmax NTEFRITR/N K
fH. 2RI RFERIW I, KIEA Logistic /7
2 y=K/(1+ae—bx) T &40 )R, Hrdy AR
TR, KOS RAME (55K E A 100), x NHE
R, av b NEMERIA R %, RAE LTso=Ina/b 15
PEOCIREE . KR8 R EOERP BPIZR AP 7 FhoR
Y JR AR P FE M TR 55 . 38T Excel 2019 11 SPSS 16.0
BT I ZE 0T bRHEZE AT RIS 4

2 R

2.1 FAX} B FRAPLBICERE

A FE AT E A S A R
P2, 20 5 A ) 2 52 TR AL B ) & A AN ] i AR
o B EARIR T 7 FPAGE JE i F AR HE 5
RPEFNA 1 Logistic 7 FETHA - ES0IRE, T H#%
SAEIT FEE . N 1 AT, 7 AR R A S
K (REC) SR BE IR FE N B 25 TR e EFH1«S B
thekifadh . M KT LTs i, REC 21871, 1K
T LTso MR B FF, X RO FEREIREE TR, A
YT P 52 5 AR ik, I MR R SR . KIR
INETR, HEFEAER REC 28w T HA 6 WiFh. 78
5C~-5CF, BRHEIEATES, H AR 6 WFH) REC
BUAEFEP>0.05). MiREMKT-5CH, HEfEAR
HE MR REC IE ETFF, —10°CHY, fiffEAR
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M BRIEASE R REC il I i H AR A2 (P>
0.05); —15°CH}, ZLAEAE . EARAEFIAER REC
W ETE, IX U] LTso HBLBRIG AT FE MR R
M L] hL, 7 AP IHLA Logistic 7 FEAH G
RERZIME 0.8 DA Lo HAARE, fffeAE, BRE
AV HETEAGE . HIBAGER) REC 5 5°C ~—20°C 4k
B2 h 1) LTso [0] AR EAHOR, LAERES AR

W A Manglietia fordiana

100 - TAEASE M. nucifera
90 B ERRAGE M conifera
80 RS ASE M. crassipes
70+

S 60}
<
2 os0r

CIHEAEATE M. paruicula

ARTE N B 52 EA . 7 FhoRSE B AN LTso N
—17.02°C ~-5.767°C, HHPAEMALEAER] LTso
KT —15°C, MEAE., ERAEMREAREN
—15°C ~—10°C, i #E 48 A 3% R B A% 53 0
—9.242°Cf1-5.767°C; W0, LTso MKIKAARIE <4
TEARTE <M fEAE < AR AR < BREAE <HEE K
HE<HBAE.

B 2T AEASE M. insignis

F 18 4 M. patungensis

i Temperature (°C)
1 ARIE S 7 FOASE B A AR SR (REC). B EARFFRFRRZEFEE(P<0.05). FHEIM,

Fig. 1 Relative conductivity (REC) of 7 Manglietia species under low temperature stress. Different letters upon column indicate significant differences at 0.05

level. The same is following Figures.

1T PORTEJRRII: Jy AR L A B 7 FE AR 2 BOEELE (LT s0)

Table 1 Logistics equation of the relative electrical conductivity and the semi-lethal temperature of 7 Manglietia species

1Y) Species Logistic 772 Logistic equation LT (C) R?
A% Manglietia fordiana y=100/(1+2.695¢0058) -17.02 0.911
ZIAEAKTE M. insignis y =100/ (1+4.04e00%2x) -15.23 0.809
{6 ATE M. nucifera y=100/(1+3.863¢0106x) -12.72 0.909
ELAR A M. patungensis y=100/(1+3.308e 009) -11.89 0.833
ERGLAE M. conifera y=100/ (1 +4.25¢0122%) ~11.84 0.939
HELEAGE M. paruicula y=100/(1+2.789 0111x) -9.24 0.974
HEATE M. crassipes y=100/(1+2.029¢0122¢) -5.77 0.963

22 MAEARAR

M2 70, 5°CH, BRABASESN LR 6 Fiid
VI R R AR R (SP) S E AN B3, HEIR
IR RISTHE RS A AEARE 5AER SP
FERNERIE-15C, AR, ERAME, B
RARFERIEN-10°C, TR A HEEAESESTC
KER. SP & BB NRAEMK IO ARTE > LLAERE > 2
TRAE > fai AEAE > BRFAE > HELAE > FHAAR
HE, 43Itk 5°CHIHE N 76.07%. 70.45%-. 65.36%-

60.88%-. 57.05%- 50.91%7#1 45.91%, 1}iHH LTso BRI
SP Er EEik BIUEAE 1T [HI G, SP & & B MRS .
SP S MBI f5, LTso B SP & & 1 P MR,
F|-20°CI}, SP EEBERNE T ERZMRAE, T
B% 1 3.01 mglg, HAICNATEAME, T T 2.73 mglg,
TR D AR FHAARE, R FE 0.67 mg/g.

2.3 AIEERE S BT
M 3 AT, BEHRE PR 7 MASE SR
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W ASE Manglietia fordiana B 21 {EATE M. insignis
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[ BUAASE M. patungensis
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W
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B 2 AR R 7 FhoASE A I P B0 R 9 2 B 9 5 R (SP)

Fig. 2 Soluble protein content (SP) in 7 Manglietia species under low temperature
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FE L ACARTE M 1) Pro & &5 K E HBLfE-15°C,
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Fig. 3 Soluble sugar content (SS) of 7 Manglietia species under low temperature
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Fig. 4 Free proline content (Pro) in leaves of 7 Manglietia species under low temperature

327.06%. 349.03%. 174.98%7#1 295.83%. )5, 7
FAGE B HEYI 11 Pro & &35 N, (E AT X R
—20°CHJ 1) Pro & BEAKUCHARTE > LLAEARTE > feA
HE > ELRACHE > BRFACE > HEARACE > HHAAGE .
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L 3
(=} wh
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KRR, HAMHEAEM T MDA S ES5EER
AR K R, HE-10CHEETRE. 5CH 7 FARE
JEAY) MDA & & 27 AR #(P>0.05), fE5°C ~-5C
I, BRABAESN A 6 #F - MDA & &E51%
T, Z10°CHIRE N, -15CEBTRE. X
FUURIEIE R, LTso bk i i AE R AE Y 20 B I N
ALK R, R T2 1) MDA RIR N
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ELARACHE > i fEAE > LA ATE > K%

o

cberf T
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Fig. 5 Malondialdehyde content (MDA) in leaves of 7 Manglietia species under low temperature
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MR 2 PR (P <0.05);  —5°C i AT A 2T 48 A T2 1)
# LFH(P<0.05), TMfifEAE . ELARAME., BREA
MEM PR R s I, (BHETEASE . HFASE
% TP (P<0.05); —10°CH}, AFERLIEATEM 1)
SOD &ML 5°Clf 43 Al = T 234.44%7F11 180.02%,
POD 520 R 5 1 722.81%F1 419.30%; #£—20°C
I, ASEMF A ) SOD JE M 5°C I 22 5 AN i 2
(P>0.05), ZIAEAME. faifb AR, EARAME, BRE
ARTE | HEAEA EFIR A A E I i) SOD 3 1 &
L 5CH R % T 32.97%. 72.59%. 73.80%-
84.31%. 96.40%I1 98.26%; A% FILLAEAE I A
Hff) POD 5 PE L 5CHFHIN T 166.36%F1 9.11%,
WIAEATE . ERARE, BRIEATE, HEIEATERIAHA
ARFER ) POD W& & B 5 CI 2 RN (P <
0.05).

2.7 BLEMEM
MRES T SR RBEEIRIRIERE A
KA T (3R 2), LTso 5 REC Fll MDA 24 42 %

IEAH%(P<0.01), 5 SP. SS Fl Pro #%\% 2 A%
(P<0.01), ifi'5 SOD Al POD MR EAE, #HiF
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Fig. 6 Activities of peroxidase (SOD) and superoxide dismutase (POD) in leaves of 7 Manglietia species under low temperature
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Table 2 Correlation matrix of 7 species of Manglietia physiological indexes
LTso REC SP SS Pro MDA SOD POD

LTso 1.000

REC 0.924" 1.000

SP -0.993™ -0.918" 1.000

SS -0.953™ -0.763 0.963™ 1.000

Pro -0.985™ -0.813" 0.986™ 0.991™ 1.000

MDA -0.986™ 0.866" -0.988™ -0.978™ -0.989™ 1.000

SOD -0.712 -0.761 0.706 0.579 0.634 -0.599 1.000

POD -0.512 -0.625 0.563 0.305 0.363 -0.496 0.756 1.000

* P<0.05; **: P<0.01. LTso: {RliFBOLHLE; REC: FHXTHIGH; SP:

{Llig; POD: ALY, TRIF .

A E AR, SS:

TVEYENE; Pro: IR, MDA: 7 —[; SOD: Ly

*: P<0.05; **: P<0.01. LTso: Semi-lethal temperature of low temperature; REC: Relative electrical conductivity; SP: Soluble protein; SS: Soluble sugar; Pro:

Proline; MDA: Malondialdehyde; SOD: Superoxide dismutase; POD: Peroxidase. The same is following Table.

R 37 FIAE B LIV AR VY

Table 3 Comprehensive evaluation of cold resistance of 7 Manglietia species

LELY)] P He
Species REC MDA Pro SP SS Mean Rank
A% Manglietia fordiana 0.923 0.589 0.779 0.712 0.677 0.736 1
ZIIEARTE M. insignis 0.790 0.486 0.690 0.637 0.501 0.621 2
FIEATE M. nucifera 0.812 0.460 0.589 0.490 0.461 0.562 3
A ASE M. patungensis 0.687 0.439 0.598 0.566 0.469 0.552 4
BRFLAGE M. conifera 0.587 0.418 0.299 0.460 0.449 0.443 5
HEAEAGE M. paruicula 0.465 0.376 0.255 0.316 0.414 0.363 6
HEIATE M. crassipes 0.431 0.321 0.238 0.295 0.391 0.335 7
R TP R R EE AT R IE (B 7), 45 % (7
%,7Wkﬁﬁﬁ%m%umﬁﬁ76ﬁ3%,ﬁ .
VERLAAEARE IR NG 128, LA PisEM; frle

ARE, ERAREMREAREITNGE 2 2K, ZEH0 F*
FEME A HEREACERE ARTET NG 3 28, 45 )
ryTIENESS, ORI B S AR B LT s 45 L
%*E 1&0 3
2

R AR (

1 1 L T T I

25 20 15 10 5 0

4 B T 52 49 2 1 A S AR 1 55 1 R R A, A
V)2 BRIE P E e, A HBFREH, B
K24, Ak, REC nJ T4 4 A i R 48 32 45140
(IR RERS-200 IR A N, 7 ARPE REC A RBE TG
JE T2 TG LT S R i 2 s, Bk
TRACIEX AR BOE  , BNHRIEH, X5
AT NP2 0 45 I — 35 HEAEAE . KA A AN
WIEASE . BRIEASE DL KA EAE ., ERAE. A
HE/ MIAE-5°C . —10°C . —15°C i} HL STk BT, 5

i e R Subordinative function value
B 7 7 MR R YR T . 10 AKSE; 2 ZLAEARTE; 30 farfk
AR 4 BIRAIE; 5 BRARAGE; 6: HEIEAGE; 7: MIBIARE.
Fig. 7 Cluster analysis of cold resistance of 7 Manglietia species. 1: M.
fordiana; 2: M. insignis; 3: M. nucifera; 4: M. patungensis; 5: M. conifer; 6:

M. paruicula; 7: M. crassipes.

R AR L BB AR A B B AR SR
FEPE™ B o LTso St 1 AR 470 T 11 55 95 MRS 1R B
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PR, LTso BRRAE 4 PTFE PR 5 3031 ACHIF 57 &5
R, AAEATERATEN LTso 2 7 Jy-15.23°C
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