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Abstract; Pitaya ( Hylocereus undatus) is a typical tropical cash crop that is not chilling-tolerant. Low temperature stress
seriously affects the quality and yield of pitaya. It is an efficient and safe method to apply exogenous natural substances to
improve the chilling tolerance of plants. Salicylic acid (SA) not only regulates many physiological and biochemical
processes such as seed germination, growth, fruiting and senescence, but also helps plants to cope with biotic and
abiotic stresses. However, the role of exogenous SA in chilling tolerance of pitaya has not been reported. To explore the
effect of exogenous SA on the morphology structure and physiology of pitaya seedlings under low temperature, the leaves
of ‘Zihonglong’ seedlings were sprayed with SA at four concentrations (0.1, 0.3, 0.5, 0.7 mmol - L") after spraying
for 48 h, seedlings were incubated at 4 °C. The change in the morphology and leaf tissue structure of pitaya seedlings
were observed on 0, 3, 6, 9 d. Physiological indexes such as relative electrical conductivity, contents of
malondialdehyde, contents of osmotic regulators ( soluble sugar, soluble protein, proline) and antioxidant enzyme
(superoxide dismutase, peroxidase, catalase, glutathione S-transferase) activities in leaves were measured. The results
were as follows: (1) Under low temperature stress, pitaya seedlings showed chilling injury of Grade 0, Grade I and
Grade II. The leaf shape, color and cell structure of pitaya with different chilling injury symptoms were quite
different. The percentages of Grade I and Grade II chilling injury of pitaya seedlings treated with SA were significantly
reduced. (2) Compared with the low temperature control, SA treatment could reduce the relative conductivity and
malondialdehyde contents of pitaya leaves, and increase the contents of osmotic regulators and antioxidant enzyme
activities. (3) After comparing with different SA treatments, SA at 0.3 mmol - L had the best effects on relieving
chilling injury symptoms, reducing the relative conductivity and malondialdehyde content, increasing the soluble sugar
and proline content, and increasing the activities of superoxide dismutase and glutathione S-transferase. The optimal SA
concentrations for increasing soluble protein content, peroxidase activity and catalase activity were 0.7, 0.1 and 0.5
mmol - L™, respectively. In summary, exogenous SA could alleviate chilling injury of pitaya seedlings under 4 °C , and
has a positive physiological effect on improving chilling tolerance of seedlings, and exogenous SA at 0.3 mmol - L™ is
more suitable.
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KIp R ( Hylocereus undatus ) X PN SN
RURHY), REEH YR A R
RAEEFRY T, B i 8 AR | R I s TR
9o 25 24 T D %, TR 32 ) R TH 2t & AR A 4 1 5
Fo KERE T EW LX)z 5 Fh T 3R E
JURY AR CHTILAE 2 L IX (AR iAE, 2020)
ERAHFT E KR FHE EFF(BF W
%5 2016 ; Wang et al., 2018 ;25 F}45 2019 ) ¥ U
SR FIHE X W 2> 8 52 FE TR 2% IR F Bl R
FHORI™” , RRATIRIBE, ITER, W
R 175 00 A7 A= il B BRI T K T SR A X
6] A6 77 4 Ry B e (XN %45, 2016) . [H L, dndif 2
e KO RAPUIEE S B AT EIS B ST A 7 SR | R
TR il TR 14 [

T B Bt FEPE 55 20 A 8 375 7 40 i P 2 3
T PR R AR O, R 5] R
40 240 B 0 M AR A 2R L 40 B PR ot S T ]
20 i P i BT R R ANE 1 U ) IR E . H
T, e R ot = TR AR Il 1) ot o, B2 8 oK e SR B

Tl )40 FE R AR R A AR IR /8 T =2, AT
B G T AT K e R AR IR R 12 18 3 o
HAPUIE, IF I E B3 1 W & PR A VA
FHOCAE BRAR AR BT HAL ZE R B e M . AWFSE R
B K e RS B AR R AR B R R IR AL FS A
JfL bR o AR 1 i AR, o SR G R A
AT 4 35 14 49 5, T A R AR DA I R Y
I ERTE B SRR THRCR U B (5K
BRI R 2017 ;Zhou et al., 2021) , MAh, A
SEE T W BT, 38,5 ~42.4 Gy FlE MY
“Co y 4 BB ARSI R A, HARR iy R AT —
T B A /D P AR AT TS M S T T P AR i
PET W BN, I R FE A LR (KR
17454 ,2018) ,

Jiti SIS R R ) B B 42 e B AL il I M RS
VT O AR AR R S R B
FEM B R = A B % 4 89 7 % (Aghdam et al.,
2019 ;Tang et al.,2021), /K45 R ( salicylic acid,
SA) VE MY N B — T 264k &), A US55
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PR FI P & AR 85 R R A R Ak B A
et B i HLAE A 05 SR B B AL i 15 5 4
T, BRI HE W G BE L HRAT A U5 s IR AR 2% i
A=A EE A= W i 38 51 19 45 % (Miura & Tada,
2014) . 0.5.1 mmol - L'SA ZbFRfi g o 2 5 £
KAB R 0 56 A A FH RN S8 Ak 1l 3% 4, DT 4 o
HLFENE (Ning et al., 2022) . 0.5 mmol - L' 4MJi SA
W it Ak R o TR 8 R Ak R A Ak 4 v AL
Yy AT | E A S o AR ) B RN BT IR I R
A ALY T 0 M SRR RS O (BRI SR 2017 )
0.1~0.3 mg - L' AME SA 4bHA4 A FHR & MKE T
LI KA I R 2R AR Ca® —ATP [ FI Mg™ -
ATP B9 % M, 3 oA MR G A 7 T, R B, SA i
P2 AE AR DT R RETE  ,  RR A R L Ak, BE
RPN IR 200 X A A ) 0
(Ma et al., 2016)

TEWTTT K T v 4 3 B M X, g 1 ok T SR 22
SR AT AR B I Y S, LAWITLAA T T R
B, 12—1 ARSI R 3.8 C,5 CLLFRHS
T K e S BRSBTS L R R AR AR T, AR
SO K e R i BT S e, SRR el
B RN DT 0 A IR S R O 28 R AR W 3 $
ORI BB PR iR i, AN S KOk
TR AH DG I 58 8 0 A 1 e A U5 I it i
PR 55 ] DLt i KO SRA B BRI B8 ) ( o7 IR A,
2021 ) YRR, 107 AR IR SA b B S AT DL ok e
RHOAELL R TR) SA ¥R B 1) 385 R 2 15 A7 75 22 5+
AR, AR L KIRRL R, TR 4
CARIEI AL B 43 Hr AN SA X K e H4h 8 &
SR AR A5 | B AN ) o B AR IR SA X AR Ty
IR KRR i T A TR M B E R A
Az BRFEBR 052 ), DL SR A 4R KO R A P
PERYSMIR SA IE TR B Ry OB BT 8 AR B it
BARS%,

L AR

1.1 #F#

KOp S E A A e R T T I SR Ak
TR A, 45 Rk R 3 AR AR A KRR R
U RO B ORI VRS, R AR S 2 R
A AR R S AR R R
330 kg, Fh T2,

1.2 LW %

1.2.1 A&:B M8 X 3 S5 90 B 55 (2018) B9 7
Peo KIERFF2 0.5% K E IR S FE 5 min
J& , TR K PR, 25 CHEZE 7 d, ¥ 8 & (LLFh T 22
F IR B =2 mm i) B [B) — B0 415 35 Fh
FRFCEFLEMEAFLL N 1 1) BT
Rige BRI 25 C, G BRI A 12 h, )% BR 5
250 wmol - m™ « s MIXFIRSE 80% ~85% , BEANFH
HIZEAN 15 MR, Ff KO R 4 EDOL A K & 38
d B, TR LR AL B R Rh b BEAS 25

(1)SA Ib PR . XF 4y ff ot i K it 35 4 ) oot it
Wl 0.1.0.3.0.5.0.7 mmol - L™ H SA IE K (41
4390k SA1 . SA2 SA3 SA4) , BEFE 12 h Wit 1
W, LmiE 4 K, BEAR AR Wit 5 1 mL, Zb B 48
h &, T4 CALIEMG 12 d, HE,0.3.6.9.12 d i
IS W Gt I I 45 AR B AR AR AR A

(2) IR X B (CS) 21 - W8 it 45 8 25 1R /K, HoAth
[A] SA 4ZbHZ |

(3) %I (CK) 41 . WEil 55 R 281K, T 25
CH R, Fofh R SA AbFHA
1.2.2 A A Aam 2 M X 5 % (relative
electrical conductivity, REC) | 7] ¥ ¥ B¥ ( soluble
sugar, SS) AR 14 & 11 (soluble protein, SP) F &
o I 43 0 R IR M0 12 (B P45, 2022) ECHA 1
O35 (F 5 E,2000) & B2 i G-250 Y (0%
(7 & B OB fh #2003 ) #F fry 9O R
( malondialdehyde, MDA) J#iZ 2 ( proline, Pro) f¥
o A A AL W B AL B (superoxide dismutase
SOD) it & AL W il ( peroxidase, POD) | i S AL &
( catalase, CAT ). & Wt H ik S-B% ¥ W
( glutathipne S-transferase, GST) 36 P 2 MR
REUH A, B GEHEELTERYES 3 K, %
AR PRAE bR T A S LA TR () Rom
1.2.3 Bakdn h FIE AT AR B & ot
T W A AR . 3 ) TR RB A 5 0 5 3
556 55 9 5 12 K 171 8.00 X4 A HE T4 R
ORIl 62 e U UL S I - 3 T A AR
MAAHEES 3K,

I e U T S T 2 A 5% . A ol T AR 38
550263 566 5H 9 5 12 K B4 8.00 BURE, 7RI
KIEF L ZEH 2 mm AL FHF AR TTYIBOY R 37 B
A FAA [ E W (90 mL 70% 2 FE+5 mL vk il iR +
5 mL#R/REMR) S KB ERAE (2021) T
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AT AU E AL B A 3 K,

1.2.4 # %54 FH Excel 2019 S8 it H1 4 %R 1
B VAT EL B SPSS 25.0 #4: ( Duncan ¥ ) #E47 7
ZE53HT , Origin 9.0 AL B, AN [F) 7B R 443050
25 (P<0.05)

2 HER G oA

2.1 SMIE SA IHERMME T K ER 4 EEEERH
A

H PR 1 AT 4 R 2 R A0 T Aok ok T R
gt RS AR M R 4y 0 g, T %)
AT, 0 FgEtRnt R AR Hi Ot | 2 ae
(B 1 A) s SR A oA | 20 M0 2% 07 e L <
LR (K 1.D) ; MATZE 20 M HES) 5 % K
SRE(E1:G), T HIERMIT R ZKF & K
b R e (18 1:B) /0 S K B0 20
NG R A E (E 1. E) s AR
TR A R e AR R K (1 H) T
GUERI I BB R TR N RgH R
B2 (1. C) s RS 9k o ff | 20 i 3l i
FOBOM) 3R B B dq B (I 1. F) 5 ff TR ™ E
Pt 20 2 K AR TR i ™ L HE S 25 L L A0 i TR PR
BRCE 1.1 o AREM A, SA 40320 %) 1 1
BT v B e BROA 11 0% 00 IR AR B0 43R 8
B &/ F CS 4 SA ZbBRZH h , SA2 B T 2445
SRR T 2 v e AR A bR B E o Rl D (Bl 2)
ORMEAYE 6 559 45 12 K, 5 CS 4L, SA2 4t
PRZH 0 V% FAE R & i AR ECA 43 40 g T
26.76% .92.65% .284.76% , X W SA Wit &b BR
REA AL i KO R 4 09 v% IR, SA2 Ab vk
ERE S T3
2.2 5ME SA FHEBEHE TR EZRLE M/ REC
71 MDA &2/

A& 3 AT AR TE M 3~ 12 d ) CS 4l A
H1 REC Fl MDA & ¥ W3 & T H iR 5 9% CK 41,
FF HAK 5 W 38 i AR, ¢S it BoH REC
MDA 19 & iy, R EE 3 d 5, SA Ab B4 nt
JH REC Fil MDA & 39(KF CS 4, 7 B SA
e BE B e 4 5 T SA2 44 i A REC Fil MDA
S R T HoAh SA AEFRZ X F W] SA Wi
AbFAE 2 R ARG IR e ok e SR 4 A
REC F1 MDA £ &, SA2 b PR R i b,

2.3 5ME SA SHEEME T A ERSHEMHFREN
& 1A 2 M

H &l 4 AT AT, CS ZH 0t 5 CAT,GST,SOD 1)
TR IR IE MG 3.6.9 d FFA B B KT % R
Ri g% CK 4 ;CS 1M /b POD 1S MEAE a5 3 46
12 KR EMT CK 41, Bl A KR W30 i) 8] 9 28
1, CS KR4 it /7 SOD ,POD | GST 9
PESETF B, CAT itk — B R,

U W38 3 d J5, SA &b 38 2H i SOD
POD .CAT il GST A& PE¥ & F €S 4, IF H bt %
SA Wk BE Y BE In4 Je Tt IS B 5 SA2 2 SOD | GST W1
P 25 T HAh SA AbBR4], SA1 41 POD 51 .
Fim T HA SA A FRLH  SA3 4 CAT iGtE W & m T
Hoft SA AbBHA , XA SA Wit BEAE W 1
IR 8 T KO R 4 it ) SOD  POD | CAT #il
GST By ifE, SA2 Ab 3 42 % SOD Fl GST Ay I P
SR B U, SAT 5 SA3 kb FE 4y I X 4 = POD 5
CAT IS PERUR fe s,

2.4 5ME SA JHEIBEME T K ERHEM FiSER
FHYREEMF T

&S al A R E A 3~9 d, CS 4t
SS . Pro M & f 34 B 2 5 T8 5 5% CK 415 AR b
H3~12d,CSHSP FRBBFEMT CSH, E
IR 300 ] A 4K ok e SR A T R R SS
Pro (& B4 S THE R, SP S 5t N7 Rl AR fk

IR M8 3 d J5, SA Ab BRI |+ SS SP Al
Pro B w35 T CS 41, I HLF & SA ¥ i Y 3
Jn,SS Al Pro W& ST ERE,SP rm—H L
Tt SA2 4SS Pro A9 7 544 4 2 5 T LA SA bR
2H;SA4 41 SP S i v T A SA Kb PR,
XK SA Wit kb B AE 2 B KR B T ke
A AP SS Pro 1 SP (75, SA2 Kb B X
1SSl Pro [ EAUR I 4F, SA4 Kb BEXT 4 5 SP
TR AT

3 Wi

KIERF TR R 2R E B2 Z AT %)
UL, O R R AR I IR ARy, R 2 TR R O
MRAFIRIE SR AR AL T B3 (TR i S FIXRAE 75
2019) ., MBEUIE LA o, KO R AR R
HIAIBJZ 3% B A0 ML 4658 A 4 ROk A A
A5 JZ 2 i K PE B BUOR K 2, AR ) ) L 5 )
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FALRBIGHI B S B L G0% FAERA A iy R G. 0 SO HRISIEI M A B UI T B s A HL 1 0% FAE
ARA Ly R B OIS 5 L I % BRI 2 i R R U T S s 1. AL 2. WA YR B 3. ABUE 4. KRB
Jfl; 5. 4L 6. MK,

A. Seedlings with Grade O chilling injury; B. Seedlings with Grade I chilling injury; C. Seedlings with Grade II chilling injury; D. Leaf
microstructure of seedlings with Grade O chilling injury; E. Leaf microstructure of seedlings with Grade I chilling injury; F. Leaf microstructure
of seedlings with Grade II chilling injury; G. Leaf cross-section microstructure of seedlings with Grade O chilling injury; H. Leaf cross-section
microstructure of seedlings with Grade I chilling injury; I. Leaf cross-section microstructure of seedlings with Grade Il chilling injury;

1. Stomata; 2. Wrinkled epidermis; 3. Stratum corneum; 4. Epidermal cells; 5. Vascular tissue; 6. Water storage tissue.

B 1 REMET 3INEFERERHNERDERSHM FBRED

Fig. 1 Morphology and leaf microstructure of pitaya seedlings with three chilling injury grades under low temperature stress
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Fig. 2 Percentage of pitaya seedling plants with three
chilling injury grades under low temperature stress
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£ Wraa R G 8 4 A ( Bernard & Joubes, 2013)
BT R W aE T BOK T 2R 4l v i i R AR
AR K T WK, i A& 2 LS5 2 4
A B BT SR B BV R BE R, 40 i
TEREBVER I, NEY K =SNG S HE A h 7
ANTE I, S A R R AR T R, M
REEICE T & G N N E R S e e
(hFA55,2018) (F AN (E/NYESE,2016) i
ST F- 45 ,2017) S5 BT 45 R A — 2, i E
WREI MR SA T LLGE Ml v 35 51 B 1Y K e SR 4 i
W A A A, 9D T g I 9% 3 e IR ok e 2R
AV I E oA D PRI AT R SA 3 gk 4 oik 40 g R
BIUBRSR B2 | 5072 200 i 5 3t 2l P | 905 20 L N 12 3 T
SEIRARYE A A0 ML 45 A8 58 B HAE L PR 2 3 —
RN

30 OCKOCSESAIOSA2ESA3ZE SA4
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MDA content (nmol.g™")
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VS 368 I T

Time of low temperature stress (d)

BEALPRER CK 207 25 °CH 35 FR N 141, LA 20 149 S IRl Ak BRI [H] A ) 7 ek 2 45 10 2 ) 22 5+ i 3% (P<0.05) , TR,
The abscissa is the time of low temperature stress except for the CK group, which is the incubation time at 25 “C. The same below.
B3 SAXREMETAERGYEHFAMNESEIR_BEENIN

Fig. 3 Effects of SA on REC and MDA content in leaves of pitaya seedlings under low temperature stress

ET L EIEStY/) ) SERSISE I G R /E Y ISR AN s
WS, a0 0,7 F1 H,0,, 36 TEE S 51k S T A
b B 5 AL AT DNA 543, DATT 52 A 4R 22 400 i
e (Gill & Tuteja, 2010) , MDA & JE g i & 1k
M=) 22—, AT AR S s e S5 B A 5 R B Y o B4R
b (RRRK AN 55 ,2022) , ASHWFGARIR A T KO R
Gt B MDA KRR 40k N H R R A
B ,REC B3 ETb, 1 AN IR SA it A 3 m] f& A
A MDA i Ml REC, 5 Zhang %5 (2021) #5745
FAEAL, T R AT BEAE T, AR B 38 FT 8 T A0 AR
b R AR A P 3 S R TR S SR R 22 TR Y

S S TR A2 A T B TR A B AR D [
PRBERES | Ui 3 R A3 7 1 e, 20 P H i B 2
o MIZMNIR SA BE S i JBEIBE o AN 16 IR 17 19 A 5
L U7 TR AN R 5 25, S = A A L B R
HRAGLAS , LADRASE 200 JH0 14 R AR 45 4 (5K 45, 2020)
it TE B, BRIl W A SNIR SA A REIA F
BRI AR AR BE SA RE TR B3k 7% P 4, 410 11
FEENG I S AL, P Tk 200 A 1100 A T P A 45 4
SERENE T e L SA ] BE 23 5 i 200 g 15 fr) 1 2
AE , X 4 A2 R AR

T A A2 B B AR A, R H AT



12 L AN A R XK IR P T KO R4 BB A B A BRA N 2315
600 CICKO CS M SAIE SA2E SA3E SA4
1400
T 500 " 1200
#2400 2
jo 2 )
o Q.2
8 1:, 300 8%
n < A
S 200 a
2 2
2 100
0
G S {3 36 I 1)
Time of low temperature stress (d) Time of low temperature stress (d)
0.12 OCKOCS M SAIESA2E SA3E SA4 0.14 OCKOCSHSAIE SA2E SA3E SA4
"0 0.10 "o 0.12
] =
#H= =
iz 0.08 %b R:L0
< 2 wn S :
32 0.06 58
: S 0.06
0.04
“ O .04
0.02 0.02
0

ARk Bl 38

Time of low temperature stress (d)

6
AU 1 38 o T/

Time of low temperature stress (d)

B4 SASHEERMETNERLEM F SOD,POD,CAT 1 GST i £ K #20\
Fig. 4 Effects of SA on SOD, POD, CAT and GST activities in leaves of pitaya seedlings under low temperature stress

P VA AR i i BT AR B T R 4, AR SR
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( Hasanuzzaman et al., 2020) , S5 Y50 PEAH
HPi A L EEZEE SOD  POD  CAT GST %, S0D 2
) A R T ST B AR R B B 56— T B 26, 4% 0,
%Ak H,0,, CAT 1 POD £ H, 0, 43 % i H,0 Fl
0,,GST Nk H,0, 4= B4 A6 B 4% b H AR FTH, 0
(535 45,2017 ; Elsayed et al., 2019) ., AR5 &
B, IR0 X K R SR i R CAT 39 P 4 i 4
FHE W &, 1 SOD . POD GST H7E ) 1 B 2e 4
Mg, JRHFTRESE T 4 CARIEM A I A AR
KR T SR B R BT R DA AR T Y 4 2 RE
HA SOD ,POD | GST fig 1E M B AR IR A5 5, 38 i =
P AT 480 Ak 58407 5 (E < Asf ] A A9 3R 2 o i K
TEPE A RE B ST B, R NP AL R Gk A 3
WL, 0 ) Tl 5 1 SR T P R L RE R B
BB E . AR BRI FE A SRR SA Ab
FRAEUE SOD \POD , CAT F1 GST F) 3% 1 , {H %5 i ik
FE B SA R ERCRAS It | ELIE 580X 4 Fl i 5 A0 A

£E SA W BN [, 3X 5 A /N 22 I B 5 45 SR A AU
(Wang et al., 2021) , X UiHH SA Ve & X4t S Ak il
T P 5 T A A, 1 D 5 47 4 A P 3 1 0 Y ML
HlA 5 RTE A T SA B SIEL R G e —Fh
WCRC IO, V% R ( ABA) 4 IV iR Ca™ 3% 1E &
(ROS) %5 5z 5 H o HAEH e A 4
ZURR MR R AR

SS.SP Fl Pro 2 tH ) 1 N 1B 3 15 )
JB, FEAE ) M o7 390 5 36 s ARG AR BR L DA K A e
WAL 24 200 0 BB 119 375 SF- £l , 314 58 48 R 1 R K
AT, G2 ik 3 35 W 38 XA R B3 405, SS . SP AT Pro
R AR SR TT D o M ) ) B SE P QDR A A L R
FPG AL B 25 (AT 2 %5 2014 ; Shin et al., 2018;
Li & Wang, 2021) , j& i £ F Ak BT FE BB 7 1Y o 24
bro FARFIE & B, SA T8 1 FgE f2 1 fE A8 4 4
SS il Pro & 1Y F & (Khan et al., 2013 #X ik %,
2022) . ABFFEH AMIR SA B3R e T K e B4
FSS Fl Pro [ &, AT RE S HEFCIHEG  Pro ZEH) & K
it 11 375 1 48 5 A 56 5 SS T Pro B TRl SA WK
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Fig. 5 Effects of SA on SS, Pro and SP contents in leaves

of pitaya seedlings under low temperature stress
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