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Effects of nitrogen application levels on fruit Ca forms
and quality of ‘Fuji’ apples
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Abstract: [ Objectives ] Calcium (Ca) is one of the most important elements affecting fruit quality, and
nitrogen availability affects the absorption of calcium by fruit trees. We assessed the effects of different nitrogen
application rates on fruit quality, calcium forms, and their relationship to provide basis for improving apple fruit
quality through fertilization. [ Methods ] Five-year-old potted Fuji apple (Malus domestica Borkh cv. Fuji) trees
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were selected as the test material, while N application rates [0 (N;), 50 (N,), 100 (N,y), 200 (N,4,), 300 (N,,,), and
400 (N,q) kg/hm’] were the treatments. Ca (200 kg/hm®) was generally applied to all treatments. Beginning from
the 7th day after flower emergence, the fertilizer was applied once every 7 days for a total of 3 times. Fruit
samples were collected at fruit maturity stage to determine fruit quality indicators (fruit diameter, pericarp color,
fruit firmness, soluble solid, titratable acid, soluble sugar and vitamin C content), total calcium content, and
different forms of calcium contents. [ Results ] N application increased the total Ca content of the Fuji apple
fruits. The total Ca content of the fruits in N200 treatment was significantly higher than those in other treatments.
With increase in N application rate, the proportion of different forms of Ca in fruits changed, the proportion of
water-soluble Ca increased, but the proportion of pectin calcium was constant and calcium phosphate decreased.
Fruit shape index, peel brightness, red-green color difference, soluble solids, soluble sugars, and vitamin C content
of Fuji apples in N200 treatment increased by 4.46%, 41.07%, 67.12%, 27.02%, 26.71%, and 38.08%,
respectively, whereas the titratable acid content (22.49%) in N200 was less than that in NO treatment. Total Ca
content and fruit shape index, peel brightness, red-green color difference, fruit hardness, soluble solids, soluble
sugars, vitamin C content and other fruit quality indicators were highly correlated (P<0.01). Ca pectin had the
highest effect on fruit shape index, yellow-blue color difference, fruit hardness, titratable acid, soluble sugars, and
vitamin C, while water-soluble Ca had the highest effect on peel brightness, red-green color difference, and
soluble solids. Ca pectin contributed to all the quality indicators, while water-soluble Ca, calcium phosphate, and
calcium oxalate affected different quality indicators in different ways. [ Conclusions ] N application could
increase the total Ca content in fruit and change the proportion of Ca in each form. The suitable N application rate
(200 kg/hm*) promotes the highest total Ca content in the Fuji apple fruits. Both pectin Ca and water-soluble Ca
have the highest influence on the quality of fruits, while pectin Ca promotes all the quality indices.

Key words: ‘Fuji’ apple; nitrogen application rate; Ca forms; fruit quality
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Table 1 Total Ca and different forms of Ca content of fruits at different nitrogen levels
Ab 3 Treatment KEVESS H,0-Ca LRSS NaCl-Ca IR, HAc-Ca HRES HCl-Ca J245 Total Ca
N, 16.57+0.41d 25.68 +0.25f 12.22+0.04 ¢ 532+020¢ 64.45+0.46¢
Ny, 18.84 +0.51 d 33.76 £0.19d 16.26 £0.38 a 4.99+0.30 cd 7824+1.02d
Nio 34.74 £ 0.69 be 40.58+0.29b 16.44+0.21 a 6.15+0.32b 102.89£0.16 b
Naogo 36.54 +£1.03 ab 48.09+0.52 a 13.49+0.21b 8.48+0.25a 112.15+£1.06 a
Nio 33.12+1.14 ¢ 35.38+0.61 ¢ 13.71+0.31b 4.32+0.02d 9244 +1.82¢
Nao 39.48+1.89a 28.00+0.13 ¢ 13.81+0.53b 5.18+0.05¢ 91.55+242¢

## (Note) : H,0-Ca—Water-soluble Ca; NaCl-Ca—Pectin Ca; HAc-Ca—Phosphate Ca; HCI-Ca— Oxalate Ca. [FFI 54l 5 /NG FHR R A
[ K RITE 5% K24 5% i 3 Values followed by different lowercases in the same column are significantly different among different nitrogen

application levels at the 0.05 level.
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[ H,0-Ca

@ HAc-Ca

ELA5] Proportion (%)

NO NSU NIUO N'.’UO N300 N400
Kb # Treatment

1 FREIBRKETREPRERSEERILE LS
Fig. 1 Proportions of different forms of calcium in fruit at
different nitrogen levels
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Fig. 2 Correlation coefficients and distribution of different forms of calcium in fruit at different nitrogen levels
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[ (Note) : H,0-Ca—/Ki#EME4S Water-soluble Ca; NaCl-Ca—3R K RES Pectin Ca; HAc-Ca—MR%S Phosphate Ca; HCl-Ca—H R4S

Oxalate Ca; Total Ca

BV, 2 BE(H 15, 25, 35 4 H,0-Ca & it{H, 25. 35, 45 A NaCl-Ca &i{H, 12,

14. 16 & HAc-Ca & (i,

5.6, 7.8, 9 FHCI-Ca&H{H, 70. 90, 110 A Total-Ca & H1{H, #1114 mg/kg In the figure, the scale values 15, 25, 35 are H,0-Ca
content values; 25, 35, 45 are NaCl-Ca content values; 12, 14, 16 are HAc-Ca content values; 5, 6, 7, 8, 9 are HCI-Ca content values; 70, 90, 110 are
Total-Ca content values; units are mg/kg. *{8F 5% KFEZ R B, ** RFE 1% KFERDE, *0FE 0.1% KFEEFLF. *, #* and ***
indicate significant difference at the 0.05, 0.01 and 0.001 levels, respectively.]
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Table 2 Correlation coefficients among fruit quality indicators

1545 Index FSI L a b C FF TSS TA e Ve
FSI 1

L 0.2477 1

a 0.6444" 0.8448™ 1

b —0.8466™  —0.0484  —0.4902" 1

C —0.5365"  -0.4662  —0.5164" 0.4329 1

FF 0.8765™ 0.3882 0.7891  —0.8341"  —0.6231" 1

TSS 0.5133" 0.7612  0.8921™  —0.3724 —0.3169 0.6711"" 1

TA —0.6617"  —0.1375  —0.4535 0.9176™ 0.4227 -0.7015™  —0.332 1

SsC 0.7351" 0.7006™  0.9344"  —0.5125"  —0.4438 0.8278" 0.8560"  —0.3819 1

7 0.5456" 0.6998™  0.7964™  —0.5860"  —0.4293 0.6438™ 0.7124™  —0.6917" 0.6788" 1

1 (Note) : FSI—RIEHE4L Fruit shape index; L—R 7 5%/% Peel brightness; a—£I 4% {72 Red-green color difference; bh—7i i (1,72
Yellow-blue color difference; C—{GZMIFNE Color saturation; FF—MHSZHEF Fruit firmness; TSS— A% EIIEY) Soluble solids; TA—H] i
FEMZ Titratable acid; SSC—FI 44 Soluble sugar content; Ve—#4E4: ZC Vitamin C. **—P < 0.01, *—P <0.05.
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SRS 5 AL R A R TR R . R 3
ATLVE Y, MRS, FSI. L. a. FF,
TSS. SSC Ml Ve & 5 52 B N 5 vk > i 3
b FI TA & RIS/ e B ma s, & A 2 Y
L. a, b, TSS &, SSC & S5X R (N,) Z[AI¥FF
eSS Ny AbH FSI, N, kb3 FF Fl Ny, b2
TA, LUK Ny 1 Ny 20 B Ve 5N, TR #HER, H
B AL FSI, FF, TA fl Ve ¥15 N, Z[HIff
TERFH 2R . Nog AEIAOR N B3, FSIL L. a.
FF. TSS. SSC fl Ve &7l bk N, kb33 n 1
4.46% . 41.07%. 67.12% . 20.16% . 27.02% .
26.71% F138.08%, b5 TA &30 N, b FHs />
T 30.63% F122.49%.,

25 RILBISHESMEUERRIEXM

M, FSI. L. a. FF, TSS. SSC fll Vc ¥J 5%
SR RV e A B S IE ARG (P < 0.01), HHOEREK
43510 0.6304. 0.8021, 0.9794. 0.7811, 0.9112,
0.9522 1 0.7629, b, TA &SR H B EE
TURASE, FHOER BT H-0.4660 F1-0.4150, FIHH
SN AV e 5 RS P BB VAR OG
2.6 AEFASIEXTREMBRAEN

ARG SRR LN EA AR I EE, *HR
S iy S AR B ) B2 i AR FE N O UK TRl . R 4 el L,
NaCl-Ca 5 H,0-Ca X JR 524 T i 51 5 A 1Y) 52 il B
K, FH A NaCl-Ca X} FSI, b, FF, TA. SSC.
Ve IR EE AL, H,0-CaXf L. a Fl TSS A5
PLIEE AL AN IR 5L 5 BT bR 2 R S AR [RE A5 45
WIS NEE AR, a0 T2 A E5 % FST 5% 0w A2 B
K#|/N A NaCl-Ca > H,0-Ca > HC1-Ca > HAc-Ca, X
FF 20 A2 % 1 K %]/ R NaCl-Ca > HCI-Ca > HAc-Ca

B SR R Z AR ARG . AR

*3 MRAEXNRIEFIERHZEN

Table 3 Effects of nitrogen application on fruit quality indicators

> H,0-Ca, Xf TSS 0 & K F|/NA H,0-Ca >

szl FF

TSS
FSI L a
(kg/cm?)

Treatment (%)

TA
(%)

ssc
(%)

Ve
(%)

N, 0.839+0.00c 53.06+0.42f 21.67+0.58 ¢ 20.80+0.62b 1043 +0.23d 153+0.29d

N, 0.837+0.01 ¢ 55.54+0.20e 2522+0.19d 17.79£0.19d 10.9+0.06¢c 17.7+0.10 ¢

0.532+0.00b 8.63+0.04e 4.62+0.09c

0.470+£0.00c 9.06+0.14d 522+0.14b

Nigo 0.878+0.01 a 59.47+0.16d 31.55+0.19b 1524+ 0.27¢ 12.46+0.15a 18.5+0.24b 0.479+0.02¢c 10.69+0.12ab 528 +0.11b
Naoo 0.876+0.01 a 74.85+0.43a 36.21 £0.09a 1443 +0.26¢ 12.53+0.10a 19.4+0.09a 0.412+0.00d 10.93+0.02a 6.38+0.01a
Nioo 0.859+0.00b 62.93+0.30¢c 29.45+0.10c 19.07+0.29¢ 11.67+0.14b 18.5+0.15b 0.534+0.01 b 10.38+0.09b 5.04 +0.00 bc
Nuoo 0.813+0.01d 68.77+0.34b 28.75+0.05¢c 26.13+0.24a 10.27+0.11d 182+0.22bc 0.612+0.01a 9.71 +0.17¢c 5.02+0.34 bc
7 (Note) : FSI—RJEFEEL Fruit shape index; L—I 745 Peel brightness; a—~£L%4% {722 Red-green color difference; b —7% W A,25

Yellow-blue color difference; FF—MSZA#EF Fruit firmness; TSS—AJ A E X4 Soluble solids; TA—R] i E R Titratable acid; SSC—HI A
P4 Soluble sugar content; Ve—4EAE 2 C Vitamin C. [A5 55 A /NG FhEFRIRAC R ZE 0.05 /KF-22 53 23 Values followed by different

lowercases letters in the same column indicate significant difference among treatments at the 0.05 level.
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Table 4 Influence degree and manner of different forms of calcium on each fruit quality index

AL
FSI L a b FF TSS TA SSC A%
Influence degree
1 NaCl-Ca (+) H,0-Ca(+) H,0-Ca(+) NaCl-Ca(+) NaCl-Ca(+) H,0-Ca(+) NaCl-Ca(+) NaCl-Ca(+) NaCl-Ca (+)
2 H,0-Ca(-) HCI-Ca(-) NaCl-Ca(+) H,0-Ca(-) HCI-Ca(-) NaCl-Ca(+) H,0-Ca(-) H,0-Ca(+) HCI-Ca(+)
3 HCI-Ca(-) HAc-Ca(+) HCI-Ca(+) HAc-Ca(-) HAc-Ca(+) HCI-Ca(-) HCI-Ca(-) HCI-Ca(-) H,0-Ca(-)
4 HAc-Ca(-) NaCl-Ca(+) HAc-Ca(-) HCI-Ca(+) H,0-Ca(+) HAc-Ca(+) HAc-Ca(-) HAc-Ca(-) HAc-Ca(+)

1 (Note) : FSI—IRIEHEEL Fruit shape index; L—J )55 % Peel brightness; a —ZL%4% {722 Red-green color difference; b — ¥ {f,7%

Yellow-blue color difference; FF—M5CH B Fruit firmness; TSS— A AVERFTEY) Soluble solids; TA—n] i xE i Titratable acid; SSC—W[ %
B Soluble sugar content; Ve—#4EAEZE C Vitamin C. (+)—fE#E/EM Facilitation, (—)—##l{EH Inhibition. H,0-Ca—/Ki# 45 Water-Soluble
Ca; NaCl-Ca—RJBFRSS Pectin Ca; HAc-Ca—fifid Phosphate Ca; HCl-Ca— 5 R4 Oxalate Ca.
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NaCl-Ca > HCI-Ca > HAc-Ca; NaCl-Ca X} 9 T /it Jfi 4
bR AR #E4E . H,0-Ca X FSI, b, TA sz
Ve SR MEIERT, X HA RS B b R i AR
JH, HAc-Ca Xf L, FF., TSS Ml Ve & & {e vE1E
FH X HoA b B bR B I HIAEH, HCL-Ca X a.
b Ml Ve Erimie e e, XTHAARR R RMEIER .

3 i

3.1 HRAENRIAERSTEHIN

R L S FPASTRIMIESAETE, 2 BhK
TAPEES | WICERES . WERRES, WA MRS, B
S A FOE SN ERA AR A TIRE, £
(AR AR AR 1 A B AR, AR AR R B
it AL B G v TR SRS i, UL E 200
kg/hm? I}, RCRECH WE, ORI T 73.47%.
W Ah, A A TE 200 kg/hm® I, SRS KIEMEAS |
RACERES . BERRES I & 21 B ERm ., AlEic &
B, B AR RS, SRS HOR R AR RS 1 i &
AT AR, KRS MR RS & it AR b i K. it
RN 200 kg/hm? IF, ZKEA PR BT FOR SR E5 i 4 6
B EL A3 B EE N, T 6.95% il 3.15%

ST E LSRR PRI S WA, K
UK 5 5 AR S & i 5 S i AR O
FHSE, DA UL BRI I G 5, R ELRBIN T K
WS AR RS & i, X5 R, g,
Silveira 2P G 45 - —2, PiBH KBS 5 R IR
B AR R R S B R E N . K
VRS TN SR R A5 N TG MR AS , S RR A S IE A
Ko ULBIBE DA & BRI, G A & L)
v, PR SRR S IE N RS 2, DA ik
G 00T PN 5 5 3k 22 T R M3 9 B P
B RS RN SR - B FRES UTVE RN, 35 4y ehife
BUEGEFAE AR, NP E A EH, I
BRI I HARTER SRS S 10 (5 2)
AR, EAFMGERE T, RETRFEIEAR T
AL EA—F, HAEME —FIE S5 & & 0
T, AR A5 A A5 24 AN S 2R 1 e AT, 40 A
AR E T, & RRLENAFEIE S Z [k
AT AHE AR
32 MAENRIMENEI

SRUIE A S SRR S B TR A i A 26 AR
BVER o I R T SR AR AR, RS
H A AL RN, aRE SR . ALl

Ml 22 A k. AR TR, A ETE 200
kg/hm® I, & LR ARIE TR 8. R e e e g
025 s T H AL AN, Ui 200 kg/hm?® f) it 20
WEVGE T RIAN, RIUONRIEERE R, Rk
SEE RS, R A meE T,
HBASTF T SR TR B O T U8 it FH % 2R
SECNTES BGE MR AR, 18 S A T
PR TIAMEEIEY . dEE R C R T A e,
Jiti & A 300 kg/hm? B, 2 R ) 7 A SR S v 1 T
FETR S B I FEAIG 0.1 g/kgt, ARBLER BN, iR
HTE 200 kg/hm? 5, AIIEVERTEY) . Al A2
HERCETESHILL NI T 27%. 27%. 38%, Al
TR T REMIKT 22%, R s E g, B
SERATEE R . AT TERE LR R C SRR
fiX, FIEER S RS, B 200 kg/hm? fjit &
AT 5 SR AR S B IE

SRS il JOT AR B (R E 0 AR G . AT MR
AL AR DR P 5 5 P E TR 5 R ARG, TR
R RL LR LR, IR, Ji—
BBATAE R IR R I AR T, Bl R R R (A g
filion, AEFERN], RICE AR SR ERIEY . T
PEME & & 5 W R A OG5 OR LA A R 0 3 A
K, DRIHZRAR S SRS 35 (U BEAE Ry 43 Y i
WG, FE4EE R C FEA RO L-F3LHG st
o, AT TR LR, B i AT T A
e C AR, AT RESE A RN 4E A K 5 E A G Y I
PRI SRS I TR A R AE e BE AR OGP E . BUARIX
SO SCEAAAE 22 S, (HIE 2k S AN R F8 b 22 1] () 4
HHRIZAEER, BT & 3B Y b SRR (o,
33 AEESIESREMBIEIRFX R

5 %o SR S T R i AR L BRI
SRS N S 1 A R TR SR R R, AT
PEEIE YR ] s & R e, X S ARG —
o RELNEE R GHEIBIEE. RS AT
B & . AT PR i A AL S0 Nt e A =2 [R) 3%
PR BEAR DG, HAHOC REGR B i E 7K (P <
0.01), VLB NS & ] B m R IEaa . £
SEAERE . ATV PR DR ) i S R S A R R . AN
TSR A H AR A TIHEN, KPS A e
FR AT Je R TG MRS, REZERFANIRE AR E , 48
A SRR R BERRES I LS ATP Y RE A
BRER, MRS BERRE S 20T, BEERIL Y AR &0
ZRAS; RS A Y AR T BH kSR S i TR R 2
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PR R T A B g AEAN R 2SBS0 SR 5244
T it JCF AR B4 5 0 R B S S 7 OB, e
fifi b, ATIEPEAL SRS DL 2 R IR XR
S A IR AR AR K B, R TR — TR S i Jo
FEARIN =, MR ESIE R Z 0 | Fel 1 F
VAL, FFH. 4 BIESES AR BN 7 2N R
G SRR R A 55 7K 5 S M 2R S it SRR A 1
FEZIEED, MR TR M AR R K. A
WFFEIR K B, BT 0 X 45 THUSR 52 i o i A 24 e
PEAEIT, UEWIR S SRR RS & B A A TR
ST RIEPEES | BRI R 0 R SN L
it S B AT e A D, 0 25 S AT 0 ) A
F L ELH AR — R 2585 X I it 5 41 B A RE (] IR e
fe s MR e, D, R4S il B SR 5,
it BT AN Rl 28T 2R S AN [T 254 5 2R 5 el I
FRAR YOG R IEAT B AR A M ST, DL s B5a i 8 1
Tt R, VR AN A 2 0 B B A R LB, T
TETFR S B H N o

4 558

1) SH38 ") fifi & + 3 i & (N) & 4 200
kg/hm?, BEEFRSLG BTRGT, RIHIBHERROR, R
B e M s, IEERIEY . T
Wi R C s, e RS AT,

2) ta AT AR L S i, USRS
AL EE . B2 (N) &4 200 kg/hm? B, S
S i i, Rl B R ) e R I B I S O SR TR
BRI K A A, SR S TR A5 %o 4% 0 JEi 36 s 24 {1 0k
YE
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