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Induction of Melatonin Treatment on the Priming Resistance in
Postharvest Plum Fruit

LEI Changyi, WANG Kaituo " TAN Meilin, WANG Jinsong, LI Chunhong

(College of Life and Food Engineering, Chongging Three Gorges University, Chongqing 404000, China)

Abstract: This study aimed to research the effectiveness and mode of the disease resistance induced by melatonin (MT)
treatment in postharvest plum fruit. Plum fruit Cv ‘Fenghuang’ were treated with 10 mmol/L MT and/or inoculated with R.
stolonifer, then stored for 5 days (20 °C). Disease development, the contents of H,O,, total phenol and lignin and the
activities of resistance-related enzyme were determined during the storage. The results showed that 10 mmol/L treatment
effectively lowered the disease incidence and delayed the increase of lesion diameter of Rhizopus rot caused by R. stolonifer
in plums. Single MT treatment could induce the activities of phenylpropanoid metabolic enzymes and the contents of total
phenol and lignin in plums. MT treatment combined with R. folonifer inoculation showed most significantly effects on the
induction of H,O, burst, and the activities of disease-resistance related enzymes such as chitinase, S-1,3-glucanase,
phenylalanine ammonialyase (PAL), cinnamate-4-hydroxylase (C4H), 4-coumaric acid coenzyme A ligase (4-CL),
peroxidase (POD) and polyphenol oxidase (PPO) as well as contents of total phenol and lignin in the samples during the
storage. These results suggested that the MT treatment could activate the strong and rapid disease resistance upon the
pathogenic infection by an induction of priming defence, by which the treatment resultantly maintained the overall quality
in plums during the postharvest storage.
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Z= (Prunus salicina Lindl.) & 5B 2= B8 ALY,
HEAR IR R, TRIRET 2T LS SiEEh
e R A IS TEIC G W), InZ 2 G54 . 28
HHE N RABUIR MRS, RIEREZ R yamt, {H4=
SR TP ERAS A RS H R A& = R IR
(6~8 J), R J5 W FN 2 M5 BEIOGHT 22 5, S S AE I 5K
IR AL, BB 5 52 215 I BRIE G mi IR AR S0
2, TR Bk vk, Hoh, MIAAR 25 (Rhizopus
stolonifer) J&: FZEBUR T, 2 5 | =R SR 5
S5 AR, i B E S TR R LIRS A TR Can
WEPR S AT e . FNE:EIEE) i il 2R IR SR S5 I
PSR Ay i 25, 1B A28 B K T B T 2454 S5 ]
TUEE BRI T 2FIAREE A N P BB, AR SR AR
R ZE T R FANKAATR . AR Fi1% I L BRI A
IR wE M AR ARG £ R FH R (BTH) o B-2 5 T 1R
(BABA) . VHZEER NERSFIBUESE AT G R05 Rk
e, BRI 3 AN, Hik, SRR Fi5 5%
SR e b RS AW R W AT R S . ST
o5 PR AL FE B e 55 5 4 FH A1 8 Ak (Priming) 2 )V,
Priming JZ W JEF8 Y LBk FA B S HoA 32 30N
SRR Gt A e B0 T | SR BT RN, AR
PO EL R A | AL G AR, J2—FIMIRAS | S5k
AT BT IR LA™

AR B ZE (melatonin, MT) J&2sIAEY ) IZFTER)
—FPIS RS TER, 7T S S ARG S T R AT
AN BT E I DL e e A B AU . i gRER
AH, 2RJ5 MT AbEE AT R MR 5 B RED FFL s
T Z A, FEYEREREEY, AN At SRR SN
AR A IS, A T S0 ok o SRS T e 1 (] 14 o JoiT
LA . AN, SN MT 6 7] 55 S AR A E L RE
TF R PO KA TR AN 2 s N T 0 — R B B A L R i
IR, WAEAEARPT T M, [H MT ZbFEXT R 5 5%
SR TE R B E SABLAASBf . ASFSELL <R
JEZE RS, B FSE MT ZbFR] 2= Sk 56
TR H,0, . PotAH SCE i 1 X 2R ke 28l i 5
mi, 534 MT X2 REPUm s SAEH, S MT 4k
PR SR S PRt T T SRR E I ST
1 MR5E*%

L1 AR

INAF Y RUEL” 22 ( Prunus salicina cv ‘Feng-
huang’) F 2020 4 6 AR A 4 T ML X
= R ARCE PR A SR, SRI% 5 2 h Wiz BISEEE,
SN A o HL R UARATS A2 SR S L B, PRk i 1y
5] RUN—SI SRS PET LS 15, 4 AR RS HR]
P WARAREE (Rhizopus stolonifer) =% Li 2515 iy
VEIEAT o1 ES L aifb S e, DB IR S I 2244
Bk, FHICE A BRER K 2212 st H AR B, IF
KT R 1.0<10° A/mLQlEki-%et ), #4
FCEEH; AR EEZE (MT) . JLT )8 | Follin {5, 4-7F
fiz  JEE Sigma 2N F]; AR Tl . WAHBREN . L-2K A

5 . N- LB 280hERE . WARER AN . — ¥ FH L L H
Le(Tris) . BIEUKREY SRR AFNE Y HAF RS
Al 3, 5- T AEALKAZER (DNS) . BRATEZHE . *F H &
FHEPE(DMAB) igiEHARRAF],

PAL-1 BUEC B ¥ 56A H AR ZHi 4\ 7l DW-
861328 MUMAMNIR vKFH  WiiLtEE I & H RA A
HWS-P400C [HIREIRIEF=FE S ALEHT-RERRH
HIRAF]; UT-1900 B4 K406 Jhatif
i A A BRI AF .

1.2 KWHE

1.2.1 FESHAREE  MT 4B EE S Ball'Y fys25s
LERATHAE . 2L 75% (vIv) IS R 5
I, Bl FHICR AT FEIR S B AR R b X
FREEFL 2 (2 mm=2 mm), BEJSBEYLRISHN 4 3. %
HRZH: FARR WA AEZR IR SR Zf IR B A A 15 pL JopZE
17K MT AbFRZH: 85 10 pL #BEEH 10 mmol/L A MT
AT NS ZERIERNL; R. stolonifer $EAN2H : B3>
ZERNFRA A 15 ul B9 1.0x10° A~/mL #7801 & 7%
W MT+R. stolonifer AP . SeArZ= RSz g b =
A 15 puL 10 mmol/L i MT ¥, T 20 °C lE 6 h,
M6 J& 7E 4% 2R i Ab 32 FF 15 uL A9 1.0x10° f~/mL R.
stolonifer HlF2IF . LI_LACBESERS, FH PE Y8k}
ST AR, A 6 IUREE, REALPRA I 15 &, B
F(20+1)°C . 80 %~90% RH £ FIV7jE 5 d. FEIL
HH (] 4 O 2R R AR Fe 11 o T 0L, TR] s ESURE
TR F AR T YT B R SR P 20 20 U R R T
—80 C HANIR VKA T E-A7E, F T /a8 tnillE . 4%
ACFRIAER AT 3 YR, #EASLE TR 2 IR,

1.2.2  RICREFFRBE EARMWME RSN E AR
AL 2 mm B, DU AT A SR A s R s S BXE B AR A
Wit R EIEE .

1.2.3 H,O, FHERUME  FRE 1 g JRIZRRE A 5 mL
RIRERSIIE, SRS P2 1 h J5 T 2 °C, 10000xg
5.0 10 mine UREE I WARYE Patterson 281 (147
PANE H,0, & i, 4552 nmol/g FW FiR .

1.2.4 AUMREKARREE PRI E  ARYE Abeles ¢
P L2 LT R EEA B-1,3 - SBERHE 1, LI/
A LA B 1 mg N-Z BRI ARG S 1 LT R
WAL, LA/ N R | mg A28 1 4> B-1,3-7
TRBHBRHS P DA SRR TESE RIS LA U/g FW FoR.
1.2.5 ZREPIBEA ISR SCHEBTE M 2 AR YR
Zucker" [ 77 71 22 AR TH 24 18 fi 2 1 (PAL) 5 1,
/N N HEAE 290 nm ARG EERE AN 0.01 S 1 4>
Tt 7 PR s AR AR B A (1 Ty 0 P 1R -4-
FRALEE(CAH) A 4-F5 A A EEIEREF(4-CL) T
P, LLAE/INESE 2N W TE 340 nm AR W7 G EEHE N 0.01
A1 A CAH BEERG T RANT, LAERS3-40 I W RAE 333 nm
AL SEEERETIN 0.01 2 1 A4 4-CL B i P4 B A7 5 AR i
Cao F5 1y 7y P 5 b A Ak W it (POD) 15 1, DA F:
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Ay SR I AR 22 AE 470 nm ZEWZSGEERS AN 0.01 Ky
1 AEE AL DL EEE LS SR L, U/g FW 320K,
1.2.6 SRR SEIME MRS Flion-Cioca-
lteu 7550 I 52 BN B D R T R & R =8 Wang
SR W A TINAE . BRI TR R SR A R L
mg/g FW /R,
1.2.7 HABEATE(LOX) FZ Wy EALE (PPO) I P19
M AE Lin 2522 (90776008 LOX 164, i1
B A 4 °C T AIBEIR 22 vk (0.1 mol/L, pH6.8) vk
WHRE LOX MLEF# . HX 2.75 mL 0.1 mol/L, pHS5.5
-2 RANEE bk . 0.05 mL #JEE A 0.1 mol/L H9IF
YHERENTE, 75 30 °C £ 10 min JGIA 0.2 mL #1
BRI ST, LA N R B4 FE 234 nm AW SGEERS hN
0.01 2 1 4~ LOX Wi PEBAAL; A4 Cao 51 11y J7 7k
M 2E PPO #& M, LABES-SP AR S AR R 420 nm 4k
e SEEERG N 0.01 Sk 1 AEFE M DL b W vE s
RIFLL U/g FW FEos .
1.3 HELIE

[%: SR IARFEHR AR R AR R B AR I 5 IR
Ah, RS Fe by EmE 0w 3 K. 4 K2R Excel
2010, 2= 5 W Z LK 5>k A SPSS26.0(Duncan £ 5
PR, Horp g S KPRE S 5%

2 FR57Hh
2.1 MT &IBFN R. stolonifer I RIEFERSLIRS
TRAFZN

Xof BEZH FT MT Ab 33 2H 2= S (1) 38 0 JC BH fnd A8
1b, 2R DLBH W 09 R SR 55 2RISR R, stolonifer
JE R FRANHT L TE, R B B AR 2w,
PR 5 d J&, MT+R. stolonifer 3EFPLH 0 SRS & 95 5K
55.35%, JBEEASHT 14.31 mm, B 23580 R. stolonifer
RSB TFRE T 36.24% F1 45.65%, Ui MT AbFE
AENS A RS 2 IR IR G FE I R A (K 1AL B) .
2.2 MT &IBH R. stolonifer ¥EMFTREZFRE H,0,
ESENEI

an &l 2 A, R RR R SRS AE 20 °C I HH [A]
H,0, &8 At — MT 4bHZH 5%
MR Z [R] Y H,0, I i FH 225 (P>0.05), MiEfp
R. stolonifer W25 RS2 H,O, & 4 KME BT, IFAEN
AR 1 d IRWEME, BEJS AW T I, TR FESZ 2N
SRR AR YLt 23 7= A O N, HyO, B A& 2 LRI 1) 1
WO, BT AESERN G s KB il . S —3Fh R
stolonifer HRSZAH L, MTHR. stolonifer 3251 | T Sy
35 (P<0.05) Wi S T ARS8 H,0, B R, Hodr
HEE(HRA 4R BT T 31.90%.

2.3 MT RIBH R. stolonifer FEMXT R fEZE R SLAPE
Bk ARRR TR RSN

WE 3 Fras, X REEEIR SR LT Bl B-1,3-4
ST (0 1 PEAE R B R R e . & rR—
MT Kb B S T LT BT A B- 1,340 SO0 k1 4=
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Fig.1 Effects of MT treatment and R. stolonifer inoculation on
disease incidence (A) and lesion diameter (B) in postharvest
plums
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Fig.2 Effects of MT treatment and R. stolonifer inoculation on
H,0, content in postharvest plums

T e A ) 5 B 7 [) — DE 50N (1) 2% 2 1) 77 7 1 35 1k 22 5+
(P<0.05); &l 3~& 6 [,

TEN R I (0] 2 37 T, ARG 3 d fE HLuE M i
(P<0.05) =5 T-XF BRZH /K5 4252740 R. stolonifer J5, JL
TGN B-1,3 -4 FEME NG G P T, FEAESS 1 d
IR ENEE AR, BE/E 25T T R, B LT B
1 B-1,3 -4 SRE NG [ A S IR, SEAu 4y v i
Y BT AH DG, JIT L 2248 2 SR S 52 [ R AR Y
B, HOE ST B S . MTHR. stolonifer fFp AT
AT B 55 T PR R R I D B AR i v v, R
W A AR BURE 25 34 1 35 (P<0.05) i FEA—32F R.
stolonifer F5L
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50 A —o— Xﬂ‘Eé;{m 160 - A T Xt A —o— Jp I A
= —=— MT/Zh3 —=— MTAbH  —e— MTHRJFEE R
Z a0t —o— RSB - bR
o —e— MT+ 5 z
5 a a a a o0
*.E 30 é
e 3
20 gb oo
= ¢ =b é
E 10% c qJ d S
O 1 1 1 1 1 0 1 1 1 1 1
0 1 2 3 4 5 0 1 2 3 4 5
TETEH ] (d) JP25BENTR] (d)
20 250 -
= | B B
o
g) L% 200 a a
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e 2
&2 Caal
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TN ] (d) I 1] (d)
Kl 3 MT AR R. stolonifer ¥R R G ZESLSL LT FiliE 30
(A). p-1,3- BN (B) 5 PR C
Fig.3 Effects of MT treatment and R. stolonifer inoculation on —~
the activities of chitinase (A) and f-1,3-glucanase (B) in E
postharvest plums %D
H
2.4 MT &IBFN R. stolonifer ETHITRIEFERSLEKRA 5
S AELVA £ o 1/, ®)
R IHER IR KRR RIS 3
a4 B s, AE g ), X BR2H 2R R S h 0 . . . . .
PAL Fl 4-CL 97 PEEASYERFAR 5, C4H Al POD ¥k 0 1 2 3 4 5
2 2 e S e ~ ”’Lt* i
PEWIZEDS 1=}, MT Ab BT AT AR |- ATk IR @
IREHIRAR GBS M . 2RSSR R, stolonifer ), 150 -
PAL. C4H. 4-CL 1 POD #f PE i [ F+; MT+R. 120
stolonifer PERIEFE AT 5Ty 5 35 15 S AR S0P PAL, g
C4H. 4-CL Fl POD & LAY 1 TF, [l PErEss 5 9
SEIIATIA 5 (P<0.05) 5 T BER b IR Y- o
2.5 MT ALIEH R. stolonifer MR RIEE R [
—_ " ~ 30
BARRZEZENFN
WP S 7%, o A2 2 S SEAE 20 °C IR it —

Hh, H R AR BT 2 S S 1 d R UEAE, Bl S BT
FEAR . MT AbHEA AR UE T 22 SRS R A S 315
PR, RS 7RI YT [R] B 2 (P<0.05) &
XTREIKE o R. stolonifer e i 35425 T 2250 Ay
FIARTAZR M & e, (BZ: MTHR. stolonifer FEFALFRA)
SRS R R A T 3R S AR A S Y ] Y4 S 2
(P<0.05) 1= T E—HEFhH /K
2.6 MT AIEFN R. stolonifer FEMFTRIEZERSE LOX
#0 PPO FEMHIR M

anE 6 o, SRJE e A ME], X MR gH 2= R S vp
LOX %P Bt sk i 6] 49 4 M 2242 1T, [RIH PPO
TEPEIEAR e R . — MT ARFHZA AR LOX
W PELE RO [ 2242 T, PPO WG TEAA IR E . R

WS R] (d)
Bl 4 MT ALBEFN R. stolonifer RIS R G252 PAL(A) .
C4H(B) . 4-CL(C)#1 POD(D) 1 1H: it 52 i

Fig.4 Effects of MT treatment and R. stolonifer inoculation on
the activities of PAL (A), C4H (B), 4-CL (C) and POD (D) in
postharvest plums

stolonifer £ Fj i 3 (P<0.05) 75 T 2= R 592 LOX I
PPO 3G _L T TS5 28— R. stolonifer 35EFh4H
FHEE, MTHR. stolonifer $Fp A FR ] 5 i3 2 (P<0.05)
RS IS A A P A R 16 RO, (R ARF
TR AR S
3 Thg

MT A N RIS ER , HOm (5 514 1
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Fig.5 Effects of MT treatment and R. stolonifer inoculation on
total phenolic (A) and lignin (B) content in postharvest plums
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A —o— X IR
—=— MTAb3H

S 4r —o— Y JEUIR A
£ —e— MTHpJ5 R A
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5 3
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JETHCIN ] (d)
Kl 6 MT ALHEFI R. stolonifer 3FXT K5 ZER S LOX(A)
1 PPO(B) T LR S
Fig.6 Effects of MT treatment and R. stolonifer inoculation
on the activities of LOX (A) and PPO (B) in
postharvest plums

HZ 5P ARZPCS RN, SN MT 4B ATy
RSE SR i | RCEPED | MR AP0 S 2
RELAR A R, e R SLER G T, TEASITSE

#1, 10 mmol/L MT AR RI R R R S PGP
BE R | BRI AE GBI T I 1 S FAS BT 2 Y
A, P TTHIHRIR o T e SR SeAR 25 1y 2 24, 4
FER SR G ST

ARYEAE Y5 P S, PUR MR as & —Fh
SUARURE ) I N, PRI BHZH SR ZH R PN A Fi e
2 MIEH AR S AR 5% AR R AH G FE A (pathoge-
nesis-related genes, PRs) W) 223X M BE 9 52 11 & 1k,
& AT REFR AIAE 4 1 AE K FNE 5 priming W JEAH
Wy s R e L EIRIE, BRI S S bR e E
TEAMMIAILH, BRI TR AT TSN AE )
PUPEAR K, T W 2 gl AR ) 14 RS N, BE AR AT IS
W], L Ae2E R A SO AR IR
TR AR, YT AR08 S R SEAY priming [ W, AT
el SR S A A7 25 I R AR YL B SRk R R Pt .
BA BT 394 BF 5T 4l 41F B, BABA( 10~50 mmol/L) .
BTH(0.1 mmol/L) FZEF R FFEE (10 pmol/L) 853 A&
Ty n] i A AR | AR A 4 P AR IR A
HY priming JZ W, SREEFHR IR G HOPE, [FETdL e
T AT ERERIR R . AT, H,O, 3 R IZAEY) 32 29
SRR PR G LRI R B N, HFE 550 F IR sh
TEYRB U, PRI Sehe SO P LT il
1 p-1,3-781 SOVERG AL ) BB (A AR U RE 7K At i, JECTT
R S K A B PR AT RE, BEASR I AT Y i — R L o,
TEP AR E AU AR 2 G i JS IR BT R 5L
YR E 2R FE, PAL. 4-CL, C4H 1 POD J&i%i
R SCEEREIER T, LOX MY S5IT K R
B SRR, 1 LIS BT RN A
HEERGEEVERP . TEAUISET, £858— 10 mmol/L
MT AbFR 2 RS 2R P Be A Qi LA S Sl AT AR
JoT 2R B R A g A [R] 4y v X PR 52, {H MT
Ak BRXTHLIR A CEE 5 S E A R 2428 MT b3
MRS FAEFN R stolonifer J& , LN H,0, & & .
JUTBTHGFN B-1,3 -4 SMHIE T A S AR T e 2 A it
(PAL. 4-CL. C4H #1 POD) Vi ¥ . A 0T 2 FILEL I &
EAEIEES 1 Yy B B, I e S R A [E]
P 2 TR KO, X SegE IR, MT Ab3i
53 2R IR S I AT U R priming e Sy, B
Ba— MT b n] o SRS 4B 7 A5 (primed ) IRE,
R 590 i B 452 G s DU S I R B TR vz, BELILE
I L PRI — 24 5, AT R AR 23 T 4/ IV B
o AN, MTHR. stolonifer AbFEHLEE B35S LOX
PR B, B R MT 35092228 52 priming [ W 7]
BEEH 4519 ISR (induced systemic resistance,
BFRGEDIM)I,, S5ARMRAEIEL, AR AR
W AT 3 A 2 BCR R PR IR AR 155 A ) 1Y priming [
NP HEIRE, MT AT E s KA R (SA) i85 5
R JEH RS SAR (systemic acquired resistance, %
GEARASPEPTME) SN DT 48 i o RO, BRI,
MT PEFEEAFUE S5 T BEAR BT TN B AE & 5T L
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HIAFrE—2L
4 g

a.10 mmol/ L MT A] A3 805 5K 5 2R S PUis
ARG PE A S S A BT 2R & i v, Al T
TORPE, PSR R A AR e 1 A A

b.28 MT 55 A2 R AR A2 It TR AR G i) m]
JEE B HH 5 ZN T A EBE e L B R BT A DG T A
ReATT I AR ) BT B BRI, BRI W YA R T
FRULTY A priming WAL o

SE K
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