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FE: VA g & 3L (Pyrus pyrifolia ‘“Whangkeumbae®) A X A4, #F 70 40 R 2% 0.5% 2 I BR 45 F20.5% FH BR A5 A AR
BHE RN, REBUESB T MRHA 0. REI, T A FedT AR KA F AT HxT45 6 Bolak F 4k,
R ABRBAIRS T RELFIOTABEE, MAFHHASFARYARLE., RAFRRANSELE
EHRYRG, MAERTAK, $E545 R T, SxTRAAL, R BRES B AHERES ) T A B E 38 R
BRI, MACTASTURZERAN T ESA560EF, BITEHCEIR, BALEYm T RARAF45ELMm
Jon, BERS T @R 5wk 450 5, Lmit 45304 0k Tt ifeminft L, Bk, 24 %

B A5 R IR H IS5 EN TRk,
KA 45, H el Sk min
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AR G0 1o AR, 38 AT AR A5 E L AME
5 AR AN AR A . RIS 3R E SRR
H5H MR EY), (Al TE MRtz B
55 & Bt = (WhitefliBroadley 2003), ;=45 £ A 3
PERTE o AR ] I 4250 o B R 3RS, 4ERF4E I
1 ThRE S Atk & B (HenrikssonflHenriksson 2005).
AR FUEE R, SR AT A Bk SR S 2 AR
H, 2K H IR 2 (Gayed%52017). £ R F%(2016)
A AT CaCl 0t < 3 42 AL B ST Al v B A
RAF IRV AE P, BARR SR it M o ) IR 3o 2 K J g
JEZ W ECaCl, il 36 0 Anjou’ 4 45 2 B AT B
i) HoA% P95 45 (Raese fll Drake 2006).

‘S 4L (Pyrus pyrifolia ‘“Whangkeumbae”) 3
B R R g, RN HE 20, BREHE I, 55
Wk, HMEN S, &ZHREEZ. (HRAER
TR, AR R T RS I S A . AR I
XT B 4 AL AT S R R A A R A W i AL B, R AT
TE &) SR ST 0T < B 4 AR A4 B B AR A B R
SO SR S 1) SV A0 L 2 AT R S, R BRI A B
FUEGRE IR, Pem RS & EIR LR A .

1 APRS%

11 RIS R b
TR0 T201 646 76 17 46 T L SR AL IR A7, it
Yol BN —AEAE 4L (Pyrus pyrifolia Nakai

‘Whangkeumbae’). [N +3EpHIE N6.67. H
U5 81462 g-kg' BfERT75.4 mgkg'. #Hi
1#35.46 mg-kg'. HAAH251.36 mg-kg, TR b
ZX N3 mx3 m.

TRIG BT FH % B A R 5 (99 %o ) FH 28 255 1R 45 (|
HEIEFRES ). WRIG B (1) 0.5%Z LIRS,
(2) 0.5%FHERES; B)EKIMFE X . 3IREHE, 3tk
N—/NX o TESa2 8 AT S LR A B, B bk 55 it
2 000 mL, &FRF10 dmsg1 ok, b3, ALFRE
FEME17:002 J5 . A5 BB 5 A JEs, ST K
Rk AEE R HATELR.

545 25 o fE NS H 11 H B B 1A R A i
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FIRE 0 Ja e 45 B i R LA IR R/
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W, P G TN-80°CUK R B AE, T AL 45
H oy & 2 HIGE .
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Py 2 EE i AF(1992) I T5 1%, RIB 4
PEHUE, WA B MR R NS g/ fh, WS
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Fig.1 Effects of spraying different calcium on
total calcium contents of pear leaf
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11 Wi it 2, 256 T 605 R TR 465 1) SR s 55 6t HEUAH L,
S5 SR E S 1 18.5%M12.5%.

2.2 MEEALIEST R KRS R 2R

28R, B85 EE &R BN RN
Jedf N E FEAR, 6 H 1TH 27 H 11 HAPRE N, %
AEFRES & AR H G0 7 16.4%~24.4%. ]\
THITHRIBHILH, ¥ S8 & & T
B, R R 27.1%~28.8% . 2 JEW&H N M. Wi45 it
I S HE v EA h  RA A BE, (H R AN
55 0ot HEAR L, it 2 R 5 R TR S 1 3T A e S
SEAES 1 H BN T 3.3%F10.4%, 1E B N
T4.0%A11.3%.
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ZEAR SRR, S EERARE.

2.3 BHGANIET R RSP RS R =R

B3R, B & R SR ARk
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S, OGP RE U TR AR R A A 3 ) A R A A
RSN T T56.1%. 49.3%4150.9%. 8/ 11H
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Fig.2 Effects of spraying different calcium on total calcium contents of pear branches
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Fig.3 Effects of spraying different calcium on total calcium contents in pear peel and flesh
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Table 1 Ratio of each calcium component to total calcium content in the sample

AKIIERS 5SS S RRRAS R SR BERRES R A RN R R RERRES R
F39 LEAE/% LU AE/% LEAE/% LEAE/% ELAE/%

AT UEEREG  HEREG AT ZUSEERES MRS X ZUIEERES MRS XM ZUSEERES MHEREY X ZCUILERES MHERES
s-11 326 321 332 258 238 248 247 235 242 80 8.l 79 89 125 9.9
6-11 412 36.1 383 219 218 223 154 194 192 114 92 98 101 135 104
7-11 525 493 522 152 177 155 140 118 127 15 23 18 168 189 178
8-11  51.8  48.1 481 139 154 134 130 115 125 06 1.0 1.0 207 240 250
9-11 495 42,0 438 9.9 110 107 112 9.9 92 02 02 02 292 369 361

AN TR) A6 A ) AR Ak 34 5 0 R R A — 3
G TR A A B ) SR S KA PR A BT o LA 7 2% B
ARG T X6 R i I A A 7, TR R4S BT o B A vy
T R A ER A AL B . AN [R] A B 1 SRR PR 5
PR 7E [R])— B AT o el e Rk . 9H 1T H K
PR BT 5 EL AR ), 341290.2% .
2.5 MEEEACIE X FYLHAE M $5 I ZHAR 9 7r A9 520

T I WL 55 A T PR 2 L 1 I 40 B 4 A T AR
B, St RIS 45 F SR PR 40 PR PN S A AN R . S
A~D R % i 22 J2 TR AR R 655 Ak L 1 A SR 1R 41 i,
FENA R (is) 40 HAE (ew) AR (1) L #0E K245
(154, HIB2 80, B (v) A b & R B eS
ORI AR A R ERAS . BRERAS, T 41
JoR A 1R 43 A A B S A . B S-BRIF T R
PR, o BB TR DA PR 4 B TR R (i)~ P BE (ew)
R b Al mT DOV S 2085, (55 & 5T I 2R A
AHEG B R0, R () JA D A A, 4
JiR AT o3 AR AR/ o U5 A5 T R T 1A R
(is)~ ZMMuBE(ew) VRIE AR (t) S A M (em) 85 1
AR, HAam it s,
3 Wit

I T % i 5 AL 7 B 0 4T ORI, & — b
AT ZAR PRI RNES i it (W g 55 2012) . AEHAAR A
(1045 2% 5 77 3 B0 o A o 0 36 3 A T 3 (SR
2000; 5K HrAE551999), H RS A 251 Fil 7% s VR
WMBEIE AR M. 18, R BN EE
RFAEERE, JLFAFEREZSHMI. A5
SEJRATR, T A AL NEAR AN R S B 1) R
R AT S, b 4 S RO > . BT RS AN 2

SR A R A A A A S B SR e, P T P
FHMZEAER LSS ERNREMALRE., S8F
SAES B AR R OCEL . BEE R LMK
B, RELRA DS S E—HE TR KRS
R, 70 &AL o) R AT B A5 AL 2L, w] DAKG
SR B A AT I R, A X < B AL i B i
05 A — ook 7R 4 2R A R it

RSE S PR T 5 R 2 K, 5
S SESTEA VAL R o A A OG . BT A TR B, W]
TP Ca LA o 40 M FEE (1 45 g 5 2 1 1 FH (Tiie-
manfliHanda 1994), AJ 71 Ca® N AL & 75 K 3E SR 55
SR e AR B JR R 2 —(PavicicZ$2004), Steemkamp
SE(1983) W FEUENT, SRR ST IRIR . FIR
Z AR, TS5 H Y B B RS W R 2 R IR
5 A D 20 i B 6 A TR RS A R, 3 DA SR IR A
I RAEAE, HERF R, AI T, £ 4
FURSTRE Y, REPAFEESH S KA T SR, X
AR 5 A R T 25 85 76 40 i b R A8 B4R A [ A
Koo XTI RS B B AN B, T EL
BRMERERES RITRES . BRI FL R Y
o8 AR R P o5 Bt 2 T B RERR S
=R E B, EE RN, TR LT
SRR B IR — KA PR S AR AR AR 1
BERR A FLIR G4 &, P ANEE SR, &Y
AEFT G B kKA T e . Silveira®:(2011) B
FORIL, WG 3 E R T RN H RS E
&, KBS S ERURGG . Alis LR
B, 7E 3 AL 20 SR BEAS [ (1) 25 AR5 T DA in 2R
S o (& B o A R 7KV PR A A SR R R 45
SRR AT RER ML Z () Ca”, AT LU HERAS &
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Fig.5 Effect of Ca treatment on subcellular distribution of ‘Whangkeumbae’ pear pulp cells
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Effects of spraying calcium on calcium dynamics and subcellular
distribution in ¢ Whangkeumbae’ pear

ZHANG Ze-Jie", LI Dong-Mei’, ZHOU Jun, WEN Bin-Bin, SONG Wen-Liang, XIAO Wei,
GAO Dong-Sheng, CHEN Xiu-De’, LI Ling’
College of Horticulture Science and Engineering, Shandong Agricultural University, State Key Laboratory of Crop Biology,

Shandong Collaborative Innovation Center for Fruit and Vegetable Production with High Quality and Efficiency, Taian,
Shandong 271018, China

Abstract: The effects of spraying 0.5% calcium amino acid and 0.5% calcium nitrate at young pear fruit stage
on the changes of calcium content in trees, calcium components and subcellular distribution in fruits were stud-
ied with Pyrus pyrifolia “Whangkeumbae’ as material. The results showed that the absorption rate of calcium
was faster in leaves and shoots in the early fruit development period. Spraying calcium amino acid significantly
increased the calcium contents of leaves during fruit development, but had no significant effect on new shoots
and perennial shoots. The calcium contents in peels and pulps were the highest in young fruit stage, and the to-
tal calcium contents decreased gradually with fruit growth. Compared with the control, spraying calcium amino
acid and calcium nitrate could significantly increase the calcium nutrition of fruit. And spraying calcium could
increase the contents of calcium components in pear pulp. The results of transmission electron microscopy showed
that calcium treatment affected the distribution of calcium subcells in pear pulp, significantly increased the dis-
tribution of calcium in cell interstitium substance and cell wall, and the calcium was evenly distributed in vacu-
ole membranes and cell membranes. Therefore, spraying calcium at young fruit stage is an important measure
to effectively improve the calcium content of ‘Whangkeumbae’ pear.

Key words: calcium; ‘Whangkeumbae’ pear; calcium dynamics; subcelluar
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