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Pel 04T . A SR A IERT 447 5388 Ccitrus sinensis
Osbeck, Beibeid447 orange) , WA AL, 7 F4,
PR IR ) BEACIR L, 3 pH (R 4.34,
THLCA 20.3 g/kg, BHf# N 89.5 mgkg, f4L P
273mgkg , R K 136 mgkg, A % Ca
150.3 mg/kg.

I S AMEH: CK; FERTHAMIE, s 20 5 Hms
s RSN RS s SRS s . FA 3 K,
10 BB —NES, 2057 LB &S I i
0.5%MHM S, BRI, 2 500 mL 247,
10 d Wiji—IR, ELEWE 3 IR RERIEWT iR R LT
S, G T S, DA R R SRR K A PR
1.2 tFmRERFELE

2010 4F 11 J 25 FERSEJA, #5402 10 FR
W RS AR, RS 43 Il e e — 3
KANEIS) L ot Joim HUF 1 5 A8 400 Nk
AT OCEUH R EEYE Y 5~15°C, AR
WS 85% /Ay, AEWR 120 d JR M At R e, 4%
WA SRR IFRE (%) = mi 88—
LEIRBO* 100/ R H, ME R sErbbl ., 1R 4iE=
C. I [T 5 FF 23 AR 58, OCRAM 4 KD
7. 14, 30, 60, 90, 120d HY 15 M4, PlsE R sz
LAY (peroxidase, POD) . i % 1k &
(catalase, CAT) . AW EALEE (superoxide
dismutase, SOD ) . X oF A b R M
(polygalacturonase, PG)  #F-4E % (cellulase, CX)
WML N 8% (malonaldehyde, MDA) . JR AR
(protopectin, PP)  H[ ¥ PEULE (soluble pectin, SP)
) it. R RFIA RBE T  —E RIRE &
ARG AFEAR—, IS R i I T
TR (e 4 R
1.3 #ERENETZ

FE KA S RV AR, AR5 R Rl oy
JEOGREEME RS B, BARNE AN (Higkil
Sy DOl Bz A AR DN E LS | GB
8210-1987"7:  BUWE I BEM R 2 15 T IE I
Y T REpE ok e s SR A AU B b R
%y dEEE C H 2,6- e ek, BRI LUE M
VPR SRS R T S POD (peroxidase)
SOD (superoxide dismutase) - PG (polygalacturonase) -
CX (cellulase)  CAT (catalase) 751K MDA
( malonaldehyde ) . SP (soluble pectin) . PP
(protopectin) 7 & [ I VA M, CRERR G R F A
sz g e 2y U, POD R I LAARE /B e f A%
AN 1 R R — AN IETE AL (UD 5 SOD iEfE
LA 1) D' 3 Jit 220 DY M 50% A — A Il T 1 R A
(U) ; CAT BEEYEA 1min W20 # 1 mg H,0, Fon

—AEEEYERAT (U s PG BEEPELL 1T h 774 1 g
e FUERE IR s — NS TE LA (UD 5 CX BgE T
L1 h WA 1 pg 3 SRR R s — AN S T BT
) .
1.4 EHEHSH

KH EXCEL #1 DPS B AT AH 5 /0 Hr il 22 7
T EEHT

2 FER5HH

2.1 AEIFTEAREE XS $RiE RN RE N A=

A Ti) HSF STV 55 347 T T s A R S 4 T o
S0 CAnBEl 1 FaR) 5 CARI ST (3 o4 FH 2
FEg i, S R L PR () 5 4y B i) BT B e
170%F1 46%;  HIE FESEIZ AT Ab 2, S A7
T PRV () J i 43 500 S B G R s 68% 11 37%; 25 —
SEACHT ARG AL, B L T RS R R 4 ) i)
FU X T 52% 1 30%; T80 Ab B AR 4 22
T RZ R TRV 1) 5 53 00 Sl LG R 31 39% 1 15%
TiAh, LT AT CUE Y, SR 1) i ) B
AT RA .
12000
10000
8000
6000
4000

2000
0

citrus/(mg-kg™)

R R A 1 J e 43 K
Ca mass fraction in peels of

CK 1EABP  4hRHIYP I AHIRP  pEIMP
1545 1} 1] Ca sprayed period

a. Y% Citrus peels

1800
1600 | a
1400
1200
1000 ¢

800 BoaEsE
600 -
400
200

be

R I T 4 5

Ca mass fraction in
citrus pulp/(mg-kg™)

CK 1EBP  AAUIYP  KIWIRP  pUIMP
15475 1 Y] Ca sprayed period
b. A Citrus pulp
i: CK, BP, YP, RP, MP ) 5IfUEXS I JERTIH . SR K.
PR AL AL B, AR R 5% AT s R BEN, N
Notes: CK, BP, YP, RP, MP stand for control, spraying Ca during before-
flower period, young fruit period, fruit rapid-growth period, mature period

respectively, different letters indicate significant difference at 5% level, the
same as below.

B 1 RE 45 IR A5 6 R 54
Fig.1 Mss fraction of Ca in citrus fruit under different
treatments
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REW] (R 1 ), S SRR Km0 Ab 2
() e SR 23 B 2 v T R, L AR 4 i) B xS R
23.4%F1 13.4%; AT A RS EG Ab BE N i 2
o R TR) AT W A 25 5 o fh Il i B 4 SR SR 2 K 3
A5 0T gk /D> SR S ek A ) Py e R 2y — e I EH
L&) SIS E0G 2 R dpe e, A 1A s e Ak 2
X S ST S AT W 2
Fz 1 TEGEELEXHFICE 120 d FRRNZM

Table 1 Effects of different treatments of Ca spraying on
quality of oranges stored for 120 d

P Fae 5 . o .

wpmp SR g oo wm w

Ca sprayed ?;rﬁa Ve/ 2] Total Total Sugar/
time rate/% (mgkg') TSS/% sugar/% acid/% acid

450+  307.0+ 9.4+ 9.17+ 0.73+ 12.65+

CK 1.4c 0.9d 0.1d 0.07¢  0.02c  0.13c
. 432+ 4152+ 99+ 973+  0.79+ 1239+
16HT BP

1.6¢c 1.1bc 0.2¢ 0.04c 0.01a 0.03¢
684+ 4317+ 109+ 1082+ 0.69+ 1580+
H)
AR YP 2.3a 1.2a 0.3a 0.08a 0.03d 0.09a
584+ 4239+ 103+  10.63= 0.70+  15.26+
AN
B re 2.4b 0.9b 0.1b 0.08b 0.01d 0.32b
- 442+ 4059+  10.1+ 9.38+ 0.75+  12.57+
S
PR MP 1.1c 9.5¢ 0.4bc 0.01d 0.02b 0.14c
e F— A AR B IREELE 5%KF PR BE M, TR
Notes: Different letters in the same column indicate significant difference at
5% level, the same as below.

&) SR IGIITAG A B ) B A S AE I 120 d
Y3 C M0 4317 mgkg, W T
M ALEE, B KIIWEES AL B, i FAd AL PR T
P N TE

A WG Ak PR SR R [ A 1 R S
F TR, P gl RIS A BE K AT R T
R, 4 10.9%, HLOZ RS YIS A B,
A T I 55 T ol A YT 45 Ak B A W [ R
BA%, HoBZRZERARE.

FAC B2 ] S BE S R O, HIEE) T
FACE, BRI A g AR > SRS iz
RIS LE T85> I E5>CK, W] g 2R s
SR AT R,

MR R SEI8E 120 d Je s SAER (A5 AR i
PEAL PRy, HUGE ARG AR, H R
ey T HCAdAR B, Al SRIYITES A I Ak B o R
SRS, HEZMR T, —HZ R 2R
AT E 3 PR ARSI R B RIIE SN N GISEPOE SN e
SI T R UA 1 DA W B ROR

REAG R SRk 120 d Jm, 5 AR E PR /R K /Iy
WY g - 4y RSP > SRS I >CR> il 4 40
WA B ST 8, G m 2 R ST £ Ak BRI K 301
WA AR B Wk 2 (1 e T ARAR B, L At b
Pezee, HARACHZ M ZE AN B2, U4 RN
SRS DR ST WA SR el 30 1) SR S R b 1) DR R
RELLT, JCLLG RIS A AR Itk

2.3 A[EIETHARE 4G XF I 4 SR So T — B8 & #E < BB
FEERI R
2.3.1 R

N R I A E R I =28, S
(PR E YA, Wl 2 Fros, SRS g mE ik
S AN A D R N v 38 o iy SR B e A, 1
FEREAN TSI, 40 P 1 6 T et B E AN T 3
F5E 120 d I AERFER SIS o AR 4% 4k
HEOOGTHR, FeRris, g9, RSO, i
WOTE ) SR R TR R I BT 0 5 23 i) b SRS 3
46.7%. 62.3%- 65.0%. 72.3%A1 43.4%. FEANIE
WIH, A5 WA A Ry R () TR A BT
TR, &) S A A B A R v T R T R 2 B
%, ZEBEAN TN R 34 0 2 P RE (p<0.05)
HVUGE R RIS A EE, 2 T AT 3 m As x S
B o IR IR B M R N . AT L, S S
5 BE B T PR AR O T B TR, IR
¥,
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Fig.2 Dynamic changes of MDA mass fraction in peels of
citrus during storage
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Fig.3 Dynamic changes of CAT activity in peels of citrus
during storage
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RAKEERA . WHSAELE) CAT i TEEREA
U 309 ) 347 155 B, 300 B I A ) R ) L Rz
CAT JE A — s MR T o b & S HImE 4 4 21
1) CAT JEMEIR AR = K, BWEEET
X (p<0.05) , B RHAmTESAbE Rz, WL
IR B R CAT S 710, 4l I 124
AU
2.3.3 A HEACEE (SOD) BaE 4

B AT (SOD) &MY i EE Y
TRYEE, AEIE SO0 N RSS2 AR RN B A
TR . ARt R (B 4, R
H1 SOD i PEAE I e R R AR U S 1 kA,
TEWEE 120 d AR TR &K, HREKEE
YIRS . AERTE AR KA AS R I S5 45 1) e A
AR ) SOD iR (i, IR S 3
2, FEKIE], Sde ) HLm e kb 3 4 B H SOD
T, SRSEIEE 120 d N, SRR SOD i i
FZE TR (p<0.05) , LLXHE T 25.8%, Hk
JE RIS AL EE, W SOD ik bt IR
151 20.9%, HESCECGRImTES RO B 22, % SOD
TR EE R R 1.0%, Ji DA AT BEAE T st i R s i
A b A L TR AN 2R A, TSR R
(K45 Z Wik T SOD G

——CK —a—{¢ATBP  —a— L YP
—o— [ KIWIRP —%— J 2 YIMP
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Fig.4 Dynamic changes of SOD activity in peels of citrus
during storage
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Rz POD JEPEYE X, JE R v BEAE T 9%
2 NI T POD & YE, B A T
1B P (1) B 605 N 1T 55 T T P ) R 4 . T 4y SR
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Fig.5 Dynamic changes of POD activity in peels of citrus
during storage
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Fig.6 Dynamic changes of PP mass fraction in peels of citrus
during storage
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Fig.7 Dynamic changes of SP mass fraction in peels of citrus
during storage
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Fig.8 Dynamic changes of PG activity in peels of citrus
during storage
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Fig.9 Dynamic changes of CX activity in peels of citrus
during storage
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H IR R E B PrE M RGOk ek, FEATE
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IK— A TRE R — D TR AN R it 4565 ST I
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Improve fruit quality and prolong storage time of Jincheng orange by
calcium sprayed in growth period

Wen Mingxia®?, Shi Xiaojun®*
(1. Zhejiang Citrus Research Institute, Taizhou, 318020, China;
2. College of Resources and Environment, Southwest University, Chongqing 400716, China)

Abstract: Calcium (Ca), as an important nutrition, can regulate the physiological metabolic process and is closely
related to fruit quality, the shelf life of fruit and physiological diseases during storage time. It is meaningful to
study the relation of Ca nutrition and fruit quality and senescence for producing fruit with high quality, alleviating
economic loss from rotten fruit and prolonging the fruit storage time. At present, there were some reports about
Ca nutrition and fruit quality but many reported the effect of Ca on storage property of fruit by studying the
respiration intensity and electric conductivity of fruits supplementing Ca solution on fruit during maturing stage or
harvest time, few reported the effect of Ca on the inherent quality and the shelf life of fruits supplying Ca nutrition
during fruit growing period. In order to make clear the effect of Ca nutrition sprayed on citrus trees in different
growing periods on citrus fruit quality and senescence during storage time and propose comprehensive
management measures for Ca nutrition of citrus orchards, the effect of Ca on fruit quality including vitamin C,
total sugar, acid, total soluble solid (TSS), some enzymes and materials related to fruit senescence including
peroxidase(POD), catalase(CAT), superoxide dismutase(SOD), polygalacturonase(PG), cellulose(CX),
malonaldehyde(MDA), protopectin(PP) and soluble pectin(SP) were studied in this paper. The effects of Ca on
quality and enzyme activities of citrus fruits were studied by spraying calcium nitrate in different growth periods
on Beibei-447 Jincheng orange (Citrus sinensis Osbeck, Beibei-447 orange). The results showed that Ca mass
fraction in citrus fruits increased significantly, the oxygenolysis of vitamin C was restrained, total soluble solid
(TSS), the ratio of sugar and acid increased and the fruit quality were maintained during storage by spraying Ca
on citrus trees in different growth periods. The activities of polygalacturonase (PG), cellulase (CX) and
peroxidase (POD) of different Ca treatments decreased but those of superoxide dismutase (SOD), catalase (CAT)
increased because of high Ca mass fraction in fruits. The structure of cell was protected and lipid peroxidation
was alleviated so that the mass fraction of malonaldehyde (MDA) and soluble pectin decreased, the senescence of
fruit was postponed and the fruit was eventually kept in good during storage. The best effect on prolonging
storage time of citrus fruit was to spray Ca on citrus trees in young fruit period, then spraying Ca on citrus trees in
fruit rapid growth period and the worst was in fruit mature period. Spraying Ca on citrus trees in young fruit
period and fruit rapid growth period were important measures to keep citrus fruit in good quality during storage.
Key words: calcium, fruits, storage, quality, senescence, citrus



