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LR YE . MDA & i, B BUCR S8 MR DGE R AR [5R ] AL, 50 B RSt
AL SOD. POD #l CAT {fitE34 8 %, MAD & B E (P <0.05), HH, Ca,,.-3 AbHEAY 3 Fifif G4
NP S T HABA I, Caor3. Cagor2. Cagorl. Cayn-2. Cag-l. Cayu2 il Cayy3 ZIMZEF AR, HEE
EET Capy-1o FEIEALFRSIH FILE N, P, K, Ca, Mg 55 Ca, 2583, H, Cayn-2 Fl Cage-1 ZFL
REEHE R, DE S TR Cagul ZHMYFTAACIE ;B AR B 270 55 0 i FH 2 it FH U< 4B 8 AT B S R
PR E DL Cay o3 Wb PRI, W THAMIE; Ca,,-3 AR IR (256.67 g) . FILIEEL (0.86)
W3R FHADAL I, " HEETE Y & i (13.03%) FLEBE O (11.38%) fiem, FITHERR & & (0.29%) Ak, Wi
Fe (38.81) MR THAMALRE, 570 A R (19%). [ S8 ] it FHAS AR5 AL T . 25 4 v SR S v S A i s 4 L
RBf . ESFIEE S, M SR AR, RS T RN R. AU H RS SR AT, MR
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Optimum application amount and times of calcium nitrate for better fruit
quality and lower incidence of apple bitter pit
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Hebei Province (Xingtai), Lincheng, Hebei 054300, China |

Abstract: [ Objectives ] The suitable application amount and method of calcium fertilizer were studied to find
an effective way to reduce the occurrence of bitter pit in apple production. [ Methods ] A field experiment was
conducted using apple cultivar of 'Nagafu 2' apple trees (15-year-old) as materials and nitrate calcium as Ca
fertilizer. We designed three nitrate calcium rates of 0.48, 0.72 and 0.96 kg/plant (Ca, 4, Ca,-,, Ca,ye), and all the
three rates were applied in three methods, as: one application before flowering (1), two applications before
flowering and after flower falling (2), three applications before flowering, after flower falling and at fruit
expanding stage(3), and no calcium application (Ca,) was used as control. At maturing stage, fruit samples were
collected for the measurement of antioxidant enzyme activities, MDA content, nutrient element contents, quality
and bitter pit incidence. [ Results ] All the Ca application treatments increased the antioxidant enzyme activities
significantly compared with Ca,. The activities of SOD, POD and CAT in Ca,,,-3 were significantly higher than
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those in all the others; those in Cay -3, Cayo-2, Cayoe-1, Ca,,,-2, Cayp-1, Ca,y -2 and Ca, -3 were generally not
significantly different with each other, but all significantly higher than those in Ca,,-1. The N, P, K, Ca and Mg
contents of fruit in all the Ca treatments were significantly higher than those in the control. The top two N contents
were in Ca,,,-2 and Ca, -1, which were significantly higher than those in all the other treatments, except Ca,-1.
No obvious order was found in P and K contents among treatments; both the highest Ca and Mg contents and the
lowest P content were in Ca,.,-3. In treatment Ca, ,,-3, the fruit weight, transverse diameter and longitudinal
diameter were all significantly higher than those in the others, and the soluble solids and total sugar contents were
the highest, the titratable acid content was the lowest (0.29%), with the sugar to acid ratio of 38.81, the incidence
of bitter pit was the lowest (19%). [ Conclusions ] The application of calcium fertilizer could significantly
increase the antioxidant enzyme activities and nutrient contents, especially the K, Ca and Mg contents, which are
very important for fruit resistance to bitter pit and quality, and the fruit commercial quality. Under the

experimental condition, the most satisfactory effect could be obtained by applying calcium nitrate three times in a

total amount of Ca 0.72 kg/plant.

Key words: apple; antioxidant enzyme; bitter pit; calcium fertilizer; fruit quality
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Table 1 Fertilization scheme of calcium fertilizer

T AR A 0 K2 it i Fertilization stage and amount (kg/plant)

Qb Jifi Ca 12 (kg/plant) AR AL
Treatment Carate Fertilization time FHAEHT EAL S RS
Before flowering After flower falling Fruit expansion
Cay5-1 0.48 1 0.48
Ca -2 0.48 2 0.24 0.24
Cay5-3 0.48 3 0.16 0.16 0.16
Cayor-1 0.72 1 0.72
Cayn-2 0.72 2 0.36 0.36
Cayrr-3 0.72 3 0.24 0.24 0.24
Cayye-1 0.96 1 0.96
Caye-2 0.96 2 0.48 0.48
Caye-3 0.96 3 0.32 0.32 0.32
Ca, 0

1.5 BEMMESE
151 Wi &R RS, R BEL
PEE 100 AL, Geita s i & A 00 o ARAE 2
AR R %

KR = KRR IHER/100 x 100%
1.5.2 FACEEETE FH pH 7.8 BEERZE M (PBS) 1%
TR S R R MR LB A HOIRES, 10000 r/min
B0 20 min, U LEW, F4C FMETRAAEH
i E ALY (POD) T 4 R FH AL A A By S Ak vk 7
DA G R (AR AR 0.1/min S —A~ i S Y B G B0
B AE AL U6 AL T (SOD) 3% M R 20 U s 72 0 5
AL A (CAT) MR i SR &AM e, DA
JEEE(EAE K 0.1/min Jy—A4~ ik Ak S B I PR B
1.5.3 Ry RITER RN, PILEH H,S0.-
HCIO, Hf#; K. Ca. Mgt /il HNO,-HCIO, ¥
fif, N SECRAYLICE 2L E, P&k
e@kiE, K. Ca, Mg &R R FI et
JETFRIE
1.5.4 i RREHTSZ B FRTFEAN
FREE . FIBHRBONIAR R, AT & 4 3R 5
B AR, PR SRR A IR 5. vt
P T4 6L ATAGO RTINS S Ad i
F GY-1 BURSEREFE TN o SR S00E o AU AL
FEVEUINAE o SRS LR R AR HE NaOH ¥ & Al
T R IR
1.6 IS

JH Excel 2007, DPS 9.05 ZE 8K A T4 HE 5e 1143

M, KA Duncan #r & % 22 b 6B 54T 7 2207 o
2 R0

21 ARFEHBLENERRIMEUEEEER
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HBEAYIE LG (SOD)., ALY (POD). it
AAL AR (CAT) S A 40t b 2 (R Rl fig
ST B 45 TS I SR LA, AT 7 1 3 B 35 AT %o 4
MRS RGN, FEIER GO, Refliig A n ™
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) 240 B R o AR R — 484w, R A A fk
VERDEXHHI Y ANIEA T, 188 e R 40 5
fif, IERLIFEMIAIET,

P2 KW, KRR SN SOD. CAT itk
J MDA it il Ca, ZIIBIFFAE R #2555 . TEAMENE
AbBE . Cay -3 Ab BRI 45 AH AR A 5 H B A 38
AR 25, AR SOD, POD, CAT {f¥ELL
K BEAR MDA & & W80 e B2, bt A AL
SOD. POD. CAT {4 Ca, 23 ill48 5 T 157.3%.,
194.0%. 90.3%, MDA & &4 Ca, FBIKX T 77.3%;
Cay -1 IR AR, B L SOD .
POD. CAT &M% Ca, 53 E T 17.1%. 5.3%.
12.0%; MDA &Lt Ca, FEAILT 17.0%.

IFi) — il S Yk 50AN [ i A 2 Ak AR 52 ) SOD
POD. CAT {5 MDA & fll Ca, Z [AI¥I4715 il %
5. MBS LE T, Ca,,, LbFH SOD .
POD {EMHE S H BB Z HIfFER EES, MR
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Table 2 The antioxidant enzyme activities and MDA content in apple fruits under different fertilization treatments

b3 Treatment SOD [U/(g-min)] POD [U/(g-min)] CAT [U/(g'min)] MDA (umol/g, FW)
Cay -1 3.29+0.02¢ 335+0.07 f 8.89+0.05g 436+0.06b
Cay -2 471+£025d 6.61+0.05d 10.97 £0.03 f 3.28+0.09d
Cay -3 527+0.14 be 7.48 +0.08 be 11.35+0.04 ¢ 2.55+0.10 ef
Cay-1 5.27+0.03 be 6.55+023d 11.29 £0.07 de 3.91£0.07 ¢
Cayr-2 5.32+£0.01 be 7.31+0.04 ¢ 11.34+0.02 cd 1.68+£0.04 g
Cag -3 7.23+0.02a 9.35+0.17a 15.11+0.02a 1.19+£0.03 h
Cagge-1 523+0.02c¢ 4.86+0.03 ¢ 10.98+£0.01 f 2.63+0.09¢
Cayo-2 5.36+0.03 be 7.44 £ 0.04 be 11.27+0.01 ¢ 2.55+0.02 ef
Caye-3 543 +0.08b 7.61+0.09 b 14.94+0.01 b 244+0.02f
Ca, 281£0.11F 3.18+0.01 f 7.94+0.02h 525+0.06a

I (Note) : [RIFIEHREAR/NG FREFR AR HEIAE 0.05 7KF-255 12 Values followed by different small letters in the same column

indicate significant difference among treatments (P < 0.05).

5% SOD. POD {GPERUR WL, 5 Ca, 43042 5
T 104.8%. 143.1%, Ca,y, [HHtAE EALBRFSR 2, T
Cay s AL HXT RSB A LT SOD . POD i 14 5% i fi
AN, AL Ca, A B4R T 52.4% . 82.7%; Cagr,.
Cayoo AEFR) CAT 151 . MDA &5 5 H g > b 3
frEREER, HPh IR RGN Ca, ),
CAT T ME#E Ca, 32555 T 58.4%, MDA &% Ca, 5
KT 57%.

[i] — it A £ AN [ it A o 50 Ak B SR S 1% SOD
POD. CAT i%f%: K MDA &Ml Ca, Z [BI X775 %
25 FEAMEESACALFE T, 3 At AL FE A ST A AL
HHES e AAEREZER, MEmES SOD,
POD. CAT {HEMEMRCR BN, oA AL BEE ML
Ca, /P9I T 105.9% . 156.3%. 73.8%; 2 K4
Jiti . 3 WAL FRY MDA 25 FUH T WS A BRAEAE
BFEXES, H 3 WRMMEM MDA S5k, # Ca, %
KT 60.8%; 1ML 1 YR 4 it b BEXT SRS 45 Bt SR AL i
IGPELL S MDA &2 /N, 3 P A b mE v L
Ca, 7ML T 58.3%. 54.7%. 30.7%, MDA &
It Ca, FEAR T 30.9%.

22 AREHBLCEMERRITRTESEA
A

3 KM, Ca,,n-2 Fl Caye-1 AEBRAYE A
W, ¥ 7.56 gkg, 5 Cayu-l MMM B EZESR, 5
HEeABAfEREES, Ca, -3 A SRR
T Ca,, N 6.67 g/kg; Cay,-3 WFA SRR, N
6.51 g/kg. Ca,q-1 ACFRAYBE S SR, M 1.03 g/kg,

[

HHEALH (Cayor-2 BRIM) FAAER E 255 Cao-3 AT
AW & B ik, M 0.68 g/kg. Ca,.,-3 KEFRIK
Mg SHfRE, N 0.39 gikg, 5 Cay-3 AR
5, SHELBEAAERERESR; Ca, I Mg &
A%, H0.22 g/kg, Ca,.-3 AbPRAOHR & R,
4 16.00 gkg, 5 Ca,,-2 AbBRIC W E 25, SHEL
PRTETE B 255, %5 Ca, bR T 37.3%, Ca, -3
) Ca Friefeis, N 1.24 ghkg, SH TR
FES, B Ca APIHER T 275.8%,

Tii] — it A Y 5 AN [ it FES e A SR 92 R0 5 R
Ca, Z A E 2SS, H Ca, o ALFAA S i
Fio Cagry Cayo ALHR AT A i A B WA b FRAEAE
2SS, H Ca,,, MBS M, H0.82
g/kg, # Ca, AbFHFEAR T 14.6%. 454 it AT &b Ay 4
Hm 5 Ca, AP Z MIfFFE N E 225, H Ca,,, 2B
HiE R E, N 15.32 g/lkg. Cay,. Cayoe ZEFRH
Ca ML EAHAEREZESR, H Ca,, AFEH
Ca i, HN0.77 g/lkg, % Ca, WhNT 140.6%;
Ca, s AP Ca FHFHE T Ca,, 4 0.49 g/kg,
Ca, AbPRYENIN T 53.1% A HEESAEALEE Mg & &
Ml Ca, Mo Z HIfEEREZES, H Ca,,, LHP
Mg &hb i, N 0.37 g/kg, % Ca, AbFENG N T
68.2%.

1 RGN 2 YR A3t 1) 2L B e MU B AN b BEAF
TERFEZES, RS RLA S, H7.31
g/kg; 2 AT R SCHE S e, M 0.98 glkg, 5
Ca, Wb Z RITC S, SHEWMCEAERE
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Table 3 The contents of mineral elements in apple fruits under different fertilization treatments
Qb Treatment N P K Ca Mg

Ca -1 7.38£0.02 ab 1.03+0.05a 13.77+£0.21 ¢ 0.38+0.02 g 026+0.01¢
Ca 52 6.84 +£0.05 cd 0.97 +0.01 be 14.65+0.30b 048+0.03 ¢ 0.27+0.01 de
Cay -3 6.51+£0.11d 0.87+0.01d 1491+£0.83b 0.62+0.01d 0.36+0.01c
Cay,-1 7.01 +£0.02 be 0.82+0.01¢ 14.63 +0.16 b 0.43+0.01f 0.37+0.04 be
Ca,,-2 7.56+0.03 a 0.95+0.01¢ 15.35+£0.14 ab 0.63+0.01d 0.36+0.00 ¢
Ca,,-3 6.67+0.11 cd 0.68+0.01¢g 16.00+0.59 a 1.24+0.03 a 0.39+0.01a
Cayg-1 7.56+0.03 a 0.87+0.01d 14.60+£0.11b 0.40+0.01 fg 0.29+0.01d
Cage-2 7.01 +£0.02 be 1.01 £0.05 ab 13.28+£0.24 ¢ 0.76 +0.01 ¢ 0.34+0.02¢
Cayo-3 691+£0.59¢ 0.77+0.01 f 13.06 £0.11 ¢ 1.15+£0.02b 0.39+0.01 ab

Ca, 6.72+0.19 cd 0.97+0.01c¢c 11.65+0.57d 0.33+0.01h 0.22+0.01f

I (Note) : [RIFIEHREAR/NG FREFR AR HEIAE 0.05 7KF-255 12 Values followed by different small letters in the same column

indicate significant difference among treatments (P < 0.05).

25t ANt A VR 50k B SRS B B Ca, AbFEZ
AR 25 5, H 3 ROt Ab B SR S0 8 5 s i
B, N 14.66 g/kg; 3 RATHALBRA AL Ca & it i
=, M 1.00 g/kg, 2 RATHitAT 3 YR 43 it A 3R A SR 5
Ca & & FIH B FRAAAE & 25 55 3 IRkt
PRAYIRS: Mg S B, N 0.38 g/kg, 3 IRAMIEAL B
RS Mg & A B AT 0 25 5, B Ca, 3N
T 72.7%.
2.3 A EIHEEE AL TR 3 R SR S0 M R AV S M

SESR AN T et B RS BOR

RACFIRAR RV, AR L BT 1Y B 32 28 2 R
PRI — S/ R Y IR E . 3 4 R, Kt ss a2
RS T Ca,, Hr Ca,o,-3 A FHHY 45 AH G HE
PoERAE, SHELOHAEREES ., HPRER
256.67 g, % Ca, AbFEIETNT 45%; nlEMEEEY &
1N 13.03%, 8 Ca, AbFRBEIN T 28.1%; L& i
M 11.38%, % Ca, AbHE AN T 10.2%; Al C RS
1w 0.29%, & Ca, LI/ T 37%; HIR SRR
K, K877 kgem?’; FILAEEI =, M 0.86,

Ii] — il S Y 50T A [ i S Ak 4 ) SR 512 5 Jo

x4 AEMBLEFERREMR

Table 4 Quality of apple fruits under different fertilization treatments

Jb3 HURT () ESIZE HRE (kg/em?)  AIEPERIEY) (%) S (%) AT E R (%) BERR LE
Treatment Fruit weight  Fruit shape index Firmness Soluble solids Total sugar Titratable acid ~ Sugar to acid ratio
Ca -1 186.98 £0.58 h  0.83+0.01 cd 7.77+0.06 g 10.47 +£0.06 g 1043+0.03f 045+0.01b 2334+£032¢g
Caye-2 189.38+£0.45g 0.83+0.01 cd 8.03+£0.06 f 11.50 £0.10 ef 10.78+0.11e  043+£0.02¢ 2528 +£1.01 ef
Cayu-3 199.00+1.18 e 0.85+0.01 ab 833+£0.06cd 11.77+0.12d 11.11+0.01 bc  0.41+0.01d 27.11+£0.65d
Ca,,-1 199.00+0.98 e 0.84 +0.00 bc 8.17+£0.06 ¢ 11.65+0.15 de 10.72+0.12e  0.41+0.00d 26.14 £ 0.30 de
Ca,,-2 206.00+0.78 ¢ 0.83+0.00 cd 837+£0.06bc 12.17+0.15¢ 11.01+0.01cd 0.33+0.00 f 33.36+0.03b
Ca, -3 256.67+1.15a 086+0.01a 8.77+0.06 a 13.03+0.06 a 11.38+0.01a 029+001¢g 38.81+£0.76 a
Caye-1 197.33+0.87f 0.82+0.01 cd 7.93+£0.06 f 11.40+0.17 f 10.74+0.03e  043+0.01c 24.79+039 f
Cayge-2 200.67+1.07d 0.82+0.01d 8.23+0.06de 12.03+0.06c 10.94+0.06d 041+0.01d 26.90+0.52d
Cayo-3 209.73+031b 0.83+0.01cd 8.47+0.06 b 12.57+0.12b 11.16+£0.01b  0.37+0.0le 30.17+0.83 ¢
Ca, 177.03+0.991 0.82+0.02 cd 7.70+£0.10 g 10.17£0.06 h 1033 +0.06f 046+0.01a 2230+0.15h

F (Note) : [FFEHREEAFR/ING FEER/R AR HIEZE 0.05 7K F-2% 5 1 # Values followed by different small letters in the same column
indicate significant difference among treatments (P < 0.05).
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Fig. 1 The incidence of apple bitter pit under different fertilization treatments
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Different lowercase letters above the bars indicate significant difference among treatment ( P < 0.05).]
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