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271018

WE: A2 4 A 3L (Pyrus pyrifolia cv. Whangkeumbae) # X474, #F 5 R AT " BALBR 45 Fn AR 45 4T 2 3L°
ot B RS RA SRR, H F e SBANSE TR RHRE SRR REEARIBASAREZ, &R
A (DWEELIYRYHEEERE Tot A 3R, b BRSBTS A 4%
(SPAD/A )42t B4R & T 13.3%A498.3%, 4 b ik R(P)RZH T 11.5%A27.3%, &bk £(T)#R & T 12.6%F27.8%,
AILFE(GHRE T 7.8%F26.2%, % Z %Il (PSI)E R HALF HE (Do )R T 9.8%F07.2%, KA F A K F %
(gp)IR 35 T 11.6%476.4%, PSII#) R &K 45330 R (F)/F, )RS T 4.6%422.8%, PSR K RALF A E(F/F )RS T
5.0%F24.2%; AR BRAS A R RAF, QO TRERA M T, FELETUARGRESSSFRE, 52T
AR, RAABRAGFr A BR A5 AL T 0 R T S B A2 2R G T 11.6%F26.2%, B LR 3 T 49.9%F232.1%,
A FCEERET25.7%H11.0%, B0 a e Ko 3 RF BRI, 4 %X o fop-F JLAE o) 00 5 1t
AR, R E I3RS, RARSL A RA TR, Bit, AR FTHERLLZRLARS) A HE2ILR
FANASE T AR, RAT A RS ER £ R 26, T A P vl m B Ak,

KHEIR: 45; H AL, 4R, e R

R EYLHEREFR IR, EEEKKFM
JS2 3% FR S e A TG R 45 A (Hepler 2005),
Yo 24t B P 5 ) % AR ER AR A AR AR B EEAEH
(R e BN 5yt gr2017) . RSZN S =8 7RIk
5 JES2 i P UIAH OC, 5 58 SR 52 il JoT 1R % Mie) 12 8
B, BSE. RSIERMS A G 51 R 2 P A B
ANJRES AT R IR R SRR . 4R 40 i Th e AR gk
£ K & & (HenrikssonFl1Henriksson 2005), i#id 4k
PEANES 0] DAAS [RIFE B2t 32 v e = A i . 502
LRI b o R = | P I E = L § e
BTGy, DR A o ok 0 B4 2 4 R E
o v AR AN 5 () T AIVEE2007) . B AL
F, B it A B S IR R T A (Solanum
lycopersicum)yt-& EREI H = (1R I 552013), 4
VRS ] DU = 78 ) (Vitis vinifera) TR MU Capsicum
frutescens){E i B T )5 OGEHZ(P)FDE R
Gl (PSID i KOG A RR COE K FL 5520105 Fh o &
£52015), Wit I 4 IS RS A 1K RS2 (Pyrus <
bretschneideri) ) 5 S0 AN HEIR J& 42 (1) 2R
(ZhouAlIFeng 1991), Mt jifs S0 45 VA VR A 14 I Anjou’
A4 v 1) 45 B R B S 4 1) A B 0 45 (Raese I
Drake 2006). K& #AF0EG 4b BE G2 AS [R]F2 FE Ho 38 hn
TR AL S S i, 0 40 PR RE 2 R A SRR
LT U 31 R A SR OGS M, e S0 R (34

FIEE2014) . G750 W] AR f# &5 i . 4R P a
TS A, 5 S R PSS
(IR 352014; 2251552015, FRik #5552016).

‘P4 AL (‘Whangkeumbae’) & T WP 2L (Pyrus
pyrifolia) Z4t, &t E e 258 37 LA Hr e Al
CTAMA REARIL, K2R T MK, KE T
20t 2290 AR HAGI AN . RTAS S T EF R
R, WTANBIB T 2 P e RS R FE A 37 . 2
HHI(2005) 6t 78 2 I A5 45 5 18E K I (thiabenda-
zole, TBZ)I2 S A FE A] DA iy th ek /b < 3 4 B SRSk
KGN EEIR, K RERRE . £ R
(2016)IA A i G485 Ab FE T < 3% 42 AL SR T AEE A i
B RIFMPIE SR, B R FF T 5500 R
PEFA AN 0T, $2 1 1R SR . TS T
BT AL AR AN X FOG A M R AN R B
Mol (P AFE FEEE 4R IE . (R, ANRSS i@ I 7 s AL
) S AT W R AR R A AL R, B FL
XFE AL oG TG LA R R S R RS, N
AR T AL R TR LR K .

#s  2017-11-24  f&%F  2018-03-02
B/EY AU R T R B R B R e S HETT I (2014-
BAD16B03-4) 1 1L 44 BLAA 7 b B AR A 5 5 4
BTG F (SDAIT-06-01)
* JLFEIEIEE: B R TH(dsgao@sdau.edu.cn). ¥ (lilingsdau
@163.com).
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1 RS 73

1.1 X3 R

I T 2016554 H 7838 2 1 0 FH b fif A
fel 3£ 47, e ) 3 9k, pHAEG6.67, AL & &
14.62 g-kg', BfRA75.4 mg-kg', HAk#E35.46
mg-kg', HRLEA251.36 mgkg', TR A N3 mx
3 mo KA A O 12954 T &R [Pyrus pyrifolia
(Burm. f.) Nakai cv. Whangkeumbae], i HU2E KR
R, 2550 IEH HRAEEA — R #4758 .

RIS SL A3 AN A FE: (1)M5E75t0.5%0 28 FE IR 2 1 M
(T1); (2)miJit0.5% AR H5(T2); (3)MWii /K(CK). i
WX Hik 5 sit, 3IRESE, SN —/MMX . T1E)E2
JA AT UE AT S — It AR B, DAJE RERR 10 dis
it — Ik, EEEEWI3IR . W (R AR 5 6 17:00 LA 5 s
W AR, DA e AR TR KON PR .

ToH B e s R SR, O
HEAMZ S HAM Z R R CSEL, B AT
ST RAE, Bhit K/ANEIET . AR 45 A0 G
I HLUE ) SRS BT S EE, FR o FH 25 B 1 K I,
fEdT B R AR, 105°CA T, 75°CHET, I+
SE A B o URFE F T 2% T 5T 48 A A B ()
W5E .
1.2 MEIBIRR T 3%
1.2.1 HEEZESEMNE

KATYS-ARY -2 28 M E SO e, % 4b B ik
HCR 58 40 BT A P 3 AR K — S Thae k10,
5E M- 45 2L M % 5 & (soil and plant analyzer develop-
ment, SPAD), B F¥{E, EE3K.
122 XESHHINE

K FCIRAS-3 7 {i 45 ' & AL (PP-Systems,
E ), TR LR R, & A BE I R 56 A1
Wit EAERK 8L 2y — B H AR
A, T E49:00~11:00, MEP,. kR
(T) [ALFBE(G)FIIE COREE(C)) o M 7E I 2R
FALEDZL 56U, J63R 841 200 pmol m™s™; 5K
TR R G, M= N25°C,
123 MHRRWLHSHBINE

K FH ¢ [F| Hansatech 2 7] [ FMS-2 784 {5 465 fik 3
Y 2B GAMNE, SelllE s FRERIGF) &
KRH(F)), PRIG M 45 1E M. 20 min & 2446
WH(F,) T KR I(F,) FIPSILE Y e 540 2%

(FJF.), £t 543 BIPSIISL FR Ak 3 A (D) F
%1&#/@%%ﬁ(‘h) G=(F—F)(Fy=F,); @psy=
(F—F)/F, s F,)[F,ARIEPSIIH RS e 4 305
1.2.4 52 2RYNE

S4B A FTHNOS-HCIO, (4: D)3, FiH]
JR 7R3 66 B T E
1.2.5 REMmBRIBFRHINE

S PR bR 2 IECE AR (2007) I J7 %, i
B sl; BT R GY-3 7Y S sz 1 Hil Al
VP [l H2 W) (total soluble solids, TSS)FH FHr4T 4%
(LYT-330) 5 5 A B - 5 L B2l o
SRR F IR Hh AN 5 v 58 5 TR LU AE FH Sl b
AR 25 R AT I B, 4e A RCR H2,6- —H e
VEDGE -
1.2.6 4HPREEERERINE

Fsd 2 JEP FUNE IR R I (poly galacturonase,
PG). £ 4 &K (cellulase, CX)iH % 1l € IS
2 H @ FEAF(2007), B-F- 7Ll (B-galactosidase,
B-Gal)iif 1 2 [ WeiZ:(2010) (1) 7 i1 dEA T 2 o X
TPGiEME, A1 h= A1 png P AUBERE IR R s —
fifg i e BLAL(U); W OXaEYE, LT hA7P7 4 T pgih
JRBE R R — A B S VEEAL(U); X T B-Galig i,
PAT hA P2 A1 pmol fiF 5 My 6 7 — A i 14 517
U).
1.3 HELLIE

K FExcel 20071SPSS 20.03: 47 44z b ¥ 5
411> #7, i Graphpad Prism 61F [,

2 SLIRLER

2.1 FEBEM EER HAMHRES 2/
2% 2 R AE Y BEAT 6 AR - P i LA, 2
SRR e I AR AR, W e A5 SR (1) ZR A, Wit 2
PR FHAH R A5 1 35 6 ALy I SPADAE 5 % e
(CKOAH L2 5 53, 7l 4 1 13.3%F18.3%, i
PR AT ISR T 2 FE RS
2.2 AEEEMTEE T TR ESHFT
e 25 R WG, Wiz LB 1 1 AL
AP, T GAXIRAHILZ 3 B2, 7l S
11.5%. 12.6%. 7.8%. Wyt jita i & 4% F Ak 38 25 SR B
2, WAL T RIS, P. T GO HRIRE T
7.3%. 7.8%- 6.2%. FHACHERIMCERHALE.
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Fig.1 Effect of spraying calcium on relative chlorophyll
content of ‘Whangkeumbae’ pear

[ — bR el P A )/ 5 7 REBR IR 3R Bl 1) 22 57 i 2 (P<
0.05), F.

2.3 NEIESAEX EEH M R RASHBIFMN
MER2HRI A Y, W R S R A AL B
T H R P, i TR, B8 B 2K, B
RIS HOR e lef, SRR LR = 179.8%, W g
FESETN T PSR JT TRORESEE o it 2 ik R 45 ) i

g T TR HEL T W e A R A Ak B (s A R v
G0 HEAR LG 22 AN B3, P 40 ) Lot R A
4.6%F12.8%. Wit FEERES IF, /F, L R &
15.0%, LR RS m50.8% . G L IR AT &b 3 f -
A PSR KA 22 BOR (F JF,) 5 06 AR HL 2 5 B
%, MRS MR IE = PSINF/F A8, 3% 5l Exf
FEAR T T 11.6%H16.4%.
24 FEECEM BT RIS ENF I

W it 2, 25 R A6 AR A I 65 220 T 3 448 o o A
S S a (E12), DL RS 0 3 A A s R
B UF, B R SR RS B 40 ) B RS 30.6% A
23.4%; WIS AL BRI R . RS B4 il Ent
HE1123.8%F118.0%. ULAPATLLE H, RS ER
THRA.
2.5 REIEALEN REH REMRAF N

FH 2R 3] T, % il s R A R Y TR Ak B T
TE A AL WA R TR R, i RS 1
PRLSIRE T e e, N5.63 kgrem”, EEX IR 5714.9%, EE
TR =12.9% . WE R LIRS A R TSS & &
BEE T, N11.6%, 5T EM LIRS 17 7.1%,
Jit T R A B 5 St R b 22 R R B 25 . W

R WG TG E A S EI R

Table 1 Effect of spraying calcium on photosynthetic parameters of ‘Whangkeumbae’ pear leaves

Kb 3 P,/umol-m™-s™ T/mmol-m™-s™ G/mmol-m>-s™ C/umol-mol™
CK 10.97+0.31° 6.93+0.15" 429.33+5.51° 276.67+£5.51°
Tl 12.23+0.35" 7.80+0.26" 462.67+7.09" 285.00+5.57*
T2 11.77+0.25" 7.47+0.45" 446.00+£7.00° 281.33+10.50"
F2 BUREEG 0T BT G AL B S 3R RS B R
Table 2 Effect of spraying calcium on chlorophyll fluorescence parameters of ‘Whangkeumbae’ pear leaves
ab Dpgyy FJF, qr F/IF,’
CK 0.572+0.021° 0.638+0.010° 0.824+0.019° 0.694+0.011°
T1 0.628+0.015° 0.712+0.010° 0.862+0.022° 0.729+0.014°
T2 0.613+0.011° 0.679+0.021" 0.847+0.005™ 0.723+0.012°
3 WX B LAY G ST R
Table 3 Effect of spraying calcium on fruit quality of ‘Whangkeumbae’ pear
A T 2 /kg-cm™ TSSEE/% RO/ % B Y% WEIR L ek RCEHE/ng g
CK 4.90+0.26 10.83+0.35" 8.12+0.18" 0.22+0.02° 37.06£2.55° 30.0+1.0°
Tl 5.63+0.35° 11.60+0.26" 9.04+0.19° 0.16+0.02° 55.57+3.94° 37.7+1.5°
T2 5.47+0.21° 11.50+0.44" 8.80+0.18" 0.18+0.01° 48.95+1.75" 33.3+1.5°
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Fig.2 Effect of spraying calcium on total calcium content in

‘Whangkeumbae’ pear fruits
JLPR S SRS B S S B E RN, B & T

H0.16%, LT HEBFAR 1727.0%; &b BE [ E G b 22

S, TI>T2>CK; £ 403 g 0 3 3 R gk 2k

KOO R, BRI E 25 THRE, a5

XTREAH EL A R 1 25.7%H111.0% .

2.6 TEEEIEXT EEEL RCIHp0EE K REGE M
spAl)

W3, AS[E) 45 A B p SRS (PG T E A
TrPHR, S Ab PR (A 2 S S, R A A B 1)
PGt Bk o M40 b B A) DLIE 35 PR AR R S CX
FIB-Galiif P, Z FERR S Kb BE A BT T RS FR 45, 2
Z R AR BE, CXMPB-Galidi It 43 51l Ho 3 B AL T
24.2%F134.0% . i BH %) 5 WA % R SR S
1] B B K A T e PR AT PR AR AE FH, DT R K SR 5

4001
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Fig.3 Effects of spraying calcium on activities of cell-wall
hydrolases in ‘Whangkeumbae’ pear

Tk A B R AR ST R TR R T — A, Wi
IR RO et
3 g

A AE R A R G 7= 51 R R,
AR NE SRS SHEY B E R B LEA
oA B A SR B AL AR, XTI OE A EH
BAEEBEOEM. — I, SIEES ] LU e
FH SR R S (LR 552014, JTERE5E2014),
MR AR R R EARRK KT, B
T LA AL 1 SPAD, P,. TAHIG, X
52BN (2013)E K pr(Allium sativum) bR 45
AL

RS EOT TR G A R )RR
WS A5 S5 H B (P B 452013), I
AT, 2R 2 RO AR A BT DLAE — R
b R WA B R X R A 1) 5 R (Jiang 552003)
SR D4 EE(2011)1E B Ca® R A5 25 B AR ol 36 %o 76 I
(Citrullus lanatus) %16 AF I SFLR G, 2/
S iE XA 2 E R, A RER S RO
Gift. MARIRIGE RE, Doy FVIF,~ qpfIF,/
F, #RIECa™ [ e 17 7 2 2% 52 v, RWIE— €K
O, S R BB S T e A AR A R
A T A, A IR O R TR o A Tk
HAEH, $Emt ek 2 ROt A, B PSIIR) R 4k
FXCREM IR E . AR SR, o]
Rei it 2 5, 2 — PR E A
W AR

G E FR T T SRS O ) 5 e — L B AT

HZ —(RFE M Saure 2005). RXBEHEZE(2012)I0
SR B A K ) < P R DA AL R SE AR, B
IERSZEER. TSSUL R4 RCH B, fiF
Sl B —E RARAE A . H 5 (2014)
JUIIA g A 5 5 45 i 2 it v 1 4L M BR R A 1A D
SR SIS (AT 5 R, T e A I A E AN R AR B
BA% 7 TSSEr &, 1M W it il FRAS 7E AN [FI R b3
TRETSSE = FHZE(2016)7EHF 715 jifi 45 X
HEIRBE (Prunus persica) % SZif 85 & & & HAE
V20 43 AT PR R e R T, R R R R TR S
P 1 SR S A 00 L R K A M A B SR T 1
8 1 24 B 116 4 A RN SR Bk SR DAY I AN v R
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=

K A it A7 ML 7T e % W5 B (Vaccinium spp.) 55K
B, DRI R I K . AR RS, 5
it I R AR R A S5 R T R SE R I Ca™
i, Wn 7 RS, X S5 ET N B AE R
AR N B 1B A RS TSS & B AR IR
b, X 55K F) = 25 (2014) E &l K (Cucumis melo)
s R —8, HeEERCEHEREFIRS ., 2t
PR 5 1 A B KSR T A ER 45, W) e A2 BT 2 A5 IR
B [ Ca” LB G S I AP, A it
b, g I AR TR B R LA B iR, A
HELREE2016) . BEAN, EIALRRES 5 AR FS A LE,
oA, SGE T MIRRE SRR, e T A
A ReS), (i T RME IR R, R G
E TR B 78 R LR, i BRITR FESE Tt o

21 i B AH A JoT ) 7 A ke SR S ) 11 A S
BARSEHR A B2, RS PG, CXHIB-Galds
TK ARl 3 RV F 51 SRR 5T 1) SR S TR R, S 3K
Y B S5 AN 73 R AR AR, e RSEAE T, K
A= B4k (MielnikZ:2006) . J6 B 85 F1 47 2231(2013)
A INIRIGTE e ik 3 PR SR S A S 8 2, L
2 v Z iy 5 AL B (polyphenol oxidase, PPO). PG.
CX P& TEAS AR . BREHE S (2013) LA 5T K Al
M5 5 56F < 21 5 b 39 SR B S it A IR M e 1) B
ORI, SRR A A 3 Y SR SR R DL S PGRICX G
PR I TN R o A AN (R 45 Ak 2SR S
PG. CXFIB-Galifith35) i E MK TX I, Har Awst
SR XARER T RN E RN, (2
TS A EE 2 R E LSS, REF T 4R
B () SR, AT 411051 40 AR B 7 A Il P 12

Zi b, R 4 R AN S T LR R S
H R 6 A e, et Rz Ca® i, IR 32
AR SE A TSS . B4R RCE &, K
AL E R O B, A 4 BB K A R 1, D RSk
i 55 Tt R A T R
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Effect of exogenous calcium on leaf photosynthetic characteristics and
fruit quality of ‘Whangkeumbae’ pear

ZHOU Jun, XIAO Wei, CHEN Xiu-De, GAO Dong-Sheng , 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 calcium amino acid and calcium nitrate on leaf photosynthetic characteristics
and fruit quality of 12 years old “Whangkeumbae’ pear (Pyrus pyrifolia cv. Whangkeumbae) tree before harvest
were investigated to provide the theoretical basis and technological approach for adding calcium nutrient and
improving fruit quality. The results show that: (1) photosynthetic efficiency was significantly increased after
spraying calcium on ‘Whangkeumbae’ pear trees in young fruit period. SPAD, P,, T,, G, Ppsu» qp F.//F,, and
F/F,, under treatment of calcium amino acid and calcium nitrate solutions were improved by 13.3% and 8.3%,
11.5% and 7.3%, 12.6% and 7.8%, 7.8% and 6.2%, 9.8% and 7.2%, 11.6% and 6.4%, 4.6% and 2.8%, 5.0% and
4.2%, respectively, higher than those of the control. The effect of amino acid calcium treatment was the best. (2)
For the quality of fruit, spraying calcium could increase the calcium content and fruit firmness of pear fruit.
Compared to the control, soluble solids content, ratio of sugar to acid and vitamin C content of ‘Whangkeum-
bae’ pear fruit under treatment of calcium amino acid and calcium nitrate solutions were enhanced by 11.6%
and 6.2%, 49.9% and 32.1%, 25.7% and 11.0%, respectively. Meanwhile, the activities of polygalacturonase
(PG), cellulose (CX) and B-galactosidase (B-Gal) under different calcium treatments were decreased. Calcium
treatment could improve the fruit quality, and the effects of amino acid calcium treatment were better than those
of calcium nitrate. Therefore, spraying calcium (especially calcium amino acid) on ‘Whangkeumbae’ pear trees
in young fruit period were the important measures to increase calcium nutrient, as well as improve the photo-
synthetic characteristics and fruit quality, which can be applied and promoted in production.
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