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Abstract ; To explore the response and adaptive mechanisms of Melaleuca alternifolia tissue culture seedlings to cold stress,

3-month-old tissue culture seedlings were exposed to low temperatures and then recovered at air temperature, the

W B HA: 2020-09-10

EE&TH . /v HARER 4 (2016GXNSFBA380224) 3 |~ P RH L 11X B (H:F} AD18281083, H:Fl AB18221058) ; Fi T & 75 IX.

BRI (2018019,2019016) 5 )7 P4 H 24 5 ik An HEAIT 5% 8 S 36 % T ERAS (EE P BT 202002 ) 5 )7 PUARE} Be S A BHIF L 55 9%

LI (BAAL 201812 5) [ Supported by Guangxi Natural Science Foundation (2016GXNSFBA380224) ; Guangxi Science and Technology

Project ( GuiKe AD18281083, GuiKe AB18221058); Science and Technology Project of Qingxiu District, Nanning City (2018019,

2019016) ; Guangxi Key Laboratory of Traditional Chinese Medicine Quality Open Project (202002) ; Fundamental Research Fund for

Guangxi Forestry Research Institute (LK201812) ],

EERA: KT (1985-) Al L0904, B IRAFSY 51, 328 A Al T 0% R B A ORAE M BT 9T, ( E-mail) sflzxn@ 163.com,
TEEEE . NG T SR TR, RN FEMARIE T RIS, (E-mail ) 50669291@ q.com,



9 SR IGE T A5 AR I I 30 XY 2 B 2 B i A R B R 1535

physiological indexes including chlorophyll (Chl), malondialdehyde (MDA, antioxidant enzymes (SOD, POD, CAT),
ascorbic acid ( AsA ), glutathione ( GSH), soluble sugar (SS), soluble protein (SP), free proline (Pro) were

examined. The results were as follows: (1) The stress at =5 °C for 24 h caused a significant decrease in the activities of

antioxidant enzymes and the contents of antioxidants, but an increase in the content of MDA. (2) At 0 °C, the activities of

POD and CAT first rose and then descended, while the contents of AsA and GSH showed an opposite pattern; After 48 h of

stress, the activities of protective enzymes significantly increased but the contents of antioxidants decreased. (3) At 10 °C,

the activity of SOD first elevated and then declined; All three osmotic regulators manifested a remarkable elevation after the

48 h of stress. Collectively, the 3-month-old tissue cultures seedlings of M. alternifolia could be lethally injured at =5 °C,

but they were able to survive the low temperature above 0 °C by rapidly increasing protective enzyme activities and

accumulating osmotic regulators. However, there was a certain difference in mechanisms underlying the response to low

temperature stress at 10 C and 0 “C. The results of this study will help to understand its cold resistance ability and

physiological response mechanism, and provide the theoretical basis for rational introduction and large scales of planting.

Key words: Melaleuca alternifolia, low temperature stress, morphology characteristics, antioxidant enzymes,

antioxidants, osmotic regulators

I ZH ( Melaleuca alternifolia ) XFRE.MH T
)2, ABEE IR Myrtaceae ) F T2 )& ( Melaleuca ) &
ER/NTR R, B IRRFE ( Shabir, 2005) , Ho i A
P2 EC A K Tl B PN S R (tea tree oil ), MUFR
TTO, =2, TTO A4l HUEiH & P ss
A BRTEE | BE = TCRE | JC R AR A B JER 3R
TET ) L T R 200 T, 0 5 269 25 A S0 i 4R, 2 i
2R 1k B B A O RARPU TR R 2 — , $ ) IZ
T2 B A & A EEETT L (Sanyang et
al., 2017; Byahatti et al., 2018; Felipe et al., 2018;
De Assis et al., 2020; Lee et al., 2020)
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W58 I 5E 5 AT P MERE (SS) B i FH R L ok
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a. X b 10 CHMA 48 hy c. 0 CHME 48 h; d. =5 CHIHE 24 h; e. 0 C A 48 h G IKE #F IR 72 hy £. -5 CHha 24 h JEHK

SRS 72 h,

a. CK; b. 10 °C stress for 48 h; ¢. 0 °C stress for 48 h; d. =5 °C stress for 24 h; e. 72 h recovered at air temperature after 0 °C stress for 48 h;

f. 72 h recovered at air temperature after =5 °C stress for 24 h.
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BHFRIET: (Yildiz et al., 2014) . 40 M R 48 2
) 52 AR A 35 1 i i B A6, AR IR Btk 38 R 3R i
i ROS &5 & g 4L, MDA J2& s o S Ak 1)
=Yy, B ik 5 R A 0 RN A 0T A 4
B SCWEI A 2 e 2 30  OR E TR 4 M RS 25 A
I, MDA & &t B8 T 32 [ Wt i 37 45 2 B ( Rakei et
al., 2016) . 3 Bl B2 B30 T, WU 25 B 4 i it A
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IR B KAE B IR Ry 24 b, 26 W o R AR R 52 2 )
Wik B K ( Wang et al., 2019) , Z 5@ 5 36
VL T BT 22 Gt AN AR Ak 2R G 58 IR T AR 2 4 40 1Y
AREE, 1610 C,MDA T R&fFE%%E LT, &
BB IR Ja & AT B TR, X S 10 C
THERGZ BB 0 R G2 FA G, iX A MDA 7
I3 2 RN ) AR U 38 T R 2 GRS 1 N i B4
PRI T B RO 8 AT ek 305 5 10 3 V7 8 T B o % JiE
IR 545 1) 7R 3Z g

IR 5% 7 2 750 40 B ROS 7K F- 1 R B, 2%
5 R AE) B A 1A FR B9 57, SOD (POD  CAT  AsA |
GSH %52 5 555 it o ROS A B, Hoig dE ol &
T TH R B TA Sy 2 AL R X 30 58 3 — el 0 3R
FCNE, A 3G 5 AF ) B9 U % (Diaz et al., 2019)
R R IR VR 1753 ROS i ALl R34 T i DA BR

i A ROS, SR 4L ZAZHLZRALT Z — (Meng et al.,
2017) . SOD JEA Y B IA R iy 55 — B B 4k, BE
AL E B T (0, - ) Al FEE /N H,0,,
H,0, 7] #E — 2 # POD 1 CAT 4> i J /K Fl & <
(Farhangi Abriz & Torabian, 2017 ), #f 5% 3% Bl
SOD W& M= fb SAH Y L MR A C, — Mk hy
SOD (13 P4 AT LAk A 3 9T 380, 1o JHE 4 o X IR
B3 I RE T, ARG R s ] A2 K B 35 2 Bl 2 o 3 s
(] P 9 % T B (40 A5 2R AN B 0E —, 1994) . {HOR
[, L 28 2 (6] — W i AS [R) 0 JE B8 07 1 5 A AE
T AR ek 361 B, SOD A2 Ak B0 A A A S AH ], 4n
10.6.0 C A 12 h J5 KAE TURER SOD 1 P4 22
C X IR R 3 T, AR AE O AR RIS DU
) 452 R W (A IR 45,2008 ) 5 0 ZEPE SR I« AR A
&% 1 %57,S0D Se Tt B, bu F€ 1k 55 1Y« TF &
22", SOD I P 7E W36 i 0 B A 4k 4 P A )i Bl B
[] E K 52 B T R T A (PR S, 2015)
SOD & M AR Ak A 5 a0 A8 BE B )47 G, AS i
8 0 CF SOD W& PERFZE i, 10 °C SOD 1 M
JekEETE X SR AT T SOD AR fL AL AR AL,
TR LA F 3 C A 12 h J5 SOD Wi HE% 25 °C ik
F T M 10 °C ) & 2R R (fTER R 45 2008)
HEM 10 °C rid A3 SOD I8 MR i R [ mT g S I IR
T A 2 R Bl 2 ik 38 R [A) 9 22E K SOD LAk &R
GRS . R T IE R N R — A 2R
B, ZZ R AR R g L R, AR 10
°C i it B, B4R SOD I AR T A AT,
{EH A 2 Fp LR 4 g P30 5 16 M B 35 T R, 7E
0 °CF 3 PO 4 i 16 PE 34 B 3 W n X SR B £ Ff
P A AL U (R4 T, e [) 2 55 0 255 AR O 8 st 1
LA W 7 A B 3 AR

AsA GSH 1EAHTE AL ] 3 ) Z APk i2
$2 5 MR B 0 B K WG M % ( Farhangi Abriz &
Torabian, 2017) , 573 BIIK I Wy 5 2538 m 7
P EAA L T GSH B B i, FL7E TR ¥ 4 ol AR
Fh N IR 5 52 (Taibi et al., 2018) . AHF
59110 CHI 0 °C F AsA  GSH Se & Jm I, #E I 5%
PR E ALY B0 ) IVE MR 2 SR L &R
%t Jailid AsA-GSH FRAG R AE B,

SS AR A K i B A Y RE R R TR B AR
SR URGR AT ) B E W W BN RE BRI, L
FAGS o F AT SR AR g 23k, IR P
W) e 2 AR IR A0 3 (Ma et al., 2009; Ruelland et
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al., 2009; Van den Ende & Valluru, 2009; Wei et
al., 2017) , L5 i 5 i 9 1 %% U) 46 5 ( Rubio
et al., 2016; Zhao et al., 2020) . {3 s} | 2
WE AT 53 fifk >y 46 260 W5 RN SR W, i SS AWk BE A%, AL
T 248 45 A% IR W 38 i 0938 3% 7 # ( Ruan & Yong,
2014) , ARWFFEH,SS FEFE-5 CHpL LT+, e
Al AETE-5 °C M A 40 e 45 32 3 ™ E IR | b
Sy BT RT ARG SS R AN AR A5 R 7E 0 C
F110 CFSETHE B, H i & o o va ek o) o7 A1 7k
38 J 1O 2RI 1 L DL T 6 2 A 40 P9 AR T A
FFE, SP AR —FMIRIR S 2, A R ARR
SRR JEAT T T 55 ( Zhang et al., 2019) , 3§ /Ay
SP W] R4 2 ZEAR I M v 2 5 A Ak VA T 1 i R 2
H, LS55 A ORI B 5 540540 5C i
% 14 ( Strimbeck et al., 2015) . BN 1R 40
HITE 0 °C A 10 °C AT 2252 A I T3 1B P B e 1
FReH SP & s FF LRI N, 76 -5 CRBOE L M &4
TSP JeTtE I, X5 AR I 5 45 SR W4T A I
FE 0 CHI-20 °C 7] 252 0 BE i [ PSP it Bl
i 368 R B] 9 4E K SE T R T #E - 60 °C F1-80 °C
PRFFFRE (Wang et al., 2019) , £ SP A% A [A) A8
AR R 5 3 8 AR %) AU T T 1 AT G A AR O T
FER T, T AR AR IR A 5 A U, Pro 5
{14 TP v . P A A A A %o A L 36 5 1) 3 I i
1 (A ,2017) , SRITAWE ST, ALAE 10 °C
i 48 h T Pro R WM, 0 CHE T Pro
SHEBETEET AT, -5 CHEN E LT R,
=5 CF Pro &Y EH 2k N % T BEJ2 Hi 20 i 5 375
FoE R VR 52 B3040 5 1R A 4B B s S 300 . B
Z ,Pro SS.SP 3 P B M5 Y i AE 0 CHI 10 C 2
FRAGHR a3 12 h A8, HAE 10 °C B js
BEEREIN, XA P WURF FE X 2 AR IR e R,
RN A 357 A A PR A 2298 37 T ) T
SPEATIRR , RIS A ARTE Y 0 °C Fl 10 C
IR 38 s e R M — o 1 25 S

ENGI R IEO R o N R =Y SEN ORI PAy P U
TEA T 10 A~ 540 5 % U1 AH 5C 1 A= 346 A5 09 L
SRR E WA B W RE L 32 0 °C LA AR IR b
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(2017) OB FT 45 5L AH AL, B0 389 25 4 2 355 1 22 /0
AL Z B 0 C LA MRIR, R HE %
(2014 ) A 5T TN Ry WU A5 B 41 15 1 A 4T 44 7 Bt
JE 1E-5.5 CHMRIE T, 4L85 0 UF B g, B
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AT BE T PR S T A B 9 X 42 G % R L bR A
ML T AR RER bS8, Bk, 784 77
R X R AR IR AR 0 C 2247, 5 7E 0 C
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RSP A 08 1 A R B[] LSS I L hp JEpERE . ¢
TSR] 0 0 2 5 2 AR AR R 1 B0 FE A B R
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