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(% 2014 SFERFRE S8, 2013 41 2014 4EJiti F 7 g/plant A0 P ) S BRI HE & P W) B AR X5 AR 38 8 T4 e . g
M 2-H LT R ZEG HIARXT S HETE 2013 4EF 2014 AR R BT AT Ab B (K% 2013 4E 4 HjitiH 3 g/plant F1 2014 4F 6
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Effects of vitamin B6 application time and doses on fruit quality of Fuji

WANG An-ran', NI Wei-ru', HE Xi-yan', XU Jin', WANG Jin-zheng’, MAO Zhi-quan', SHEN Xiang' *
( I College of Horticulture Science and Engineering, Shandong Agricultural University, State Key Laboratory of Crop Biology,
2 Shandong Institute of Pomology, Tai'an, Shandong, 271018, China )

Abstract: [ Objectives ] The effects of soil application of different doses of vitamin B6 on the fruit quality were
studied in order to provide a new method to improve fruit quality of Fuji. [ Methods ] The doses of vitamin B6
of 0 (control), 3, 5 and 7 g per plant were added into soil 60 cm away from the Fuji apple trunk, and two
application tine of April and June were set in 2013 and 2014. Contents of nitrogen, phosphorus, potassium, soluble
solids, vitamin C and aroma components of the fruits were determined when the fruits were ripe.

[ Results ] The total nitrogen, phosphorus and potassium contents in treatment of 7 g plant in April were the
highest of 2013 and 2014, which were to significantly higher than the control. The quality indicators of 7 g per
plant in both April and June treatments were significantly higher than those of the control in both 2013 and 2014,
and the difference in the quality indicators between the two application time were significant (except the hardness
indicator of 2014). In 2013 and 2014, the relative content of total esters in 7 g per plant treatment was significantly
higher than that of the control. The relative content of ethyl-2-methyl butyrate in esters was significantly higher
than that of the control (except 3 g per plant in April 2013 and 7 g per plant in June 2014). The content of ethyl-2-
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methyl butyrate of 7 g per plant in April was the highest in the current year, and the differences with other

treatments were significant. The relative content of ethyl butyrate, ethyl caproate, butyl 2-methyl butyrate,

isopropyl 2-methyl butyrate in treatment of 7 g per plant in both application times in 2013 and 2014 were

significantly higher than that of the control, and also significantly higher than those of other does treatments.

[ Conclusions ] Application of vitamin B6 7 g/plant in April performs best in improving the fruit nutritional

quality and single fruit weight, but application of B6 7 g/plant in June peforms best in improving the quality of fruit

aroma. Therefore the doses of vitamin B6 of 5 g or 7 g/plant is recommanded under the conditions of this study.

Key words: vitamin B6; Fuji fruit; nutritional quality; aroma
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JECRIA R IR 550 o 2 A B AR AR TR 9 Ay Z2 it 10
i, AR R R AR RITE . )R8
KB AE R R B P IRINGEE R Bo, R Z MR 2
FEEIEINT 13.2%. FIRFEFEBIIERM, A
FR R B2 AR O B FORSEA TR A, PR T
R AFIME J1 o IR BEFERT, SMIRAE 4 A= R
XA BRI (0 0 T A A v A 3
2B S RO TR K R IV TR 3 (5 L ]
WFFEE U], SR A A 28 AT LAKCAR R 8 SR ok = 1Y)
R, REEEREARBOELEA: R B6. B2 J5 AT LITE—
SEFEIE B TORMER R T . i AL B S XA
Wit KT R R B R BRI A D, EXSE
A ARAAEY I T7 1 AR M A R . A AR
XFREER 168 AR bel L IEAE R AT 08, At
bl oA —E R e R, P4 R Bo &
R LR AR R . 4iA R L aIEHEREDE
WA TR i EUAFAE AR , JRAT e AT 5 S Al
EEH AU TR A 3R B6 A1 IR

Yy oxt & SR AT A B, IR B SR SR IS
S HIT00 5 [ A 2 A HOR 43 B A ] s 39 it A )
WA B6 Ja W AE IR RS BRI, AT
Ry AL AR A R L L

1 bR

1.1 RIE SR A AR

T 00 S el 57 F I 9 52 BT L BT O BEAR A, A
JPEBEZ R S i . AL R 1.5%.
HRUA 124.60 mg/kg. AR 51.29 mg/kg. HALH
141.21 mg/kg,

SESR AN R 15 AR AR BRI LIST- & B MRS AR Y
UEL, VAL 35 dREL, WITHE 3 mx4m, A5
SR BRI R A= AR 4 A 2 BO(ER IR I M i 5 it >
98%).

1.2 It

SR T 60 cm A4b, A3AEATIR] . 4T YA
FPIAEER 25 ecm., B 15 cm FIYTiEfT4E4 % B6 +
o BCE 4 DBEE, AR AL, AL
YRR B6 Jiti i 2 5oh 0 (W) 3. 5.7
g/plant, FF7E 2013 4EH1 2014 450 4 A . 6 AHPIA
B 7 ] — SR AT . R bR 3 AN EE,
HEFTREMLIC L HES , BEAS/NX 10 Bk o H 83w LA
5 AT R
1.3 #ERESNE
1.3.1 FEACRE TR SN (2013 4EH1 2014 4 10
Ay A7 R, A Ak AR AR 56 o 35 U A4S T )
KA, BAABILRE 30 4, RET 4°C UK
#=H.

SR SRS I 2 SR FH T 25 [ A AKX (SPME) 4
AR LA TR . LA EIE- BB (5
"\ T, Shimadzu GCMS-QP2010) #4700 5E 4347 o
BA AT S DR L, BORAYI | mm®



1350 R R S 22 %

TNEEYGR A, FREL 20 ¢ FHOIEM T, A PR 3-
T (0.4 g/L) 5 uL % E ., 4 ATESEFE H 24K 30 min
(R ZE K AT, (RIS HE TR UL 45 °C 09
FPEATHA B 40 min, WEHSE ISR, EEBERE O
AT . GC-MS 43#r: K2 [E Finnigan Trace
MS S % - BTk e AL BT ERE 5 ok &
HEFE, 30 m x 0.25 mm x 0.25 um B4, #HFRED
IR 250°C, WIRIRIE 35°C, f#4F 4 min, R LL
6°C/min J+ & 120°C £+ 1 min, #R)5LL 10°C/min T}
% 180°C J7 LA 20°C/min F+ % 250°C f&4F 7 min, S
4 He (99.9%), Witk 0.8 mL/min, BB RN
EI, WLFRERA 70 Ev, BFEEE 200°C, #FEA
GaniTis
1.4  #HIEAIE

2 GC-MS I 5, i NIST/WILLEY i K
FMf o ARGy, R AR i i A — 1k
FATIE, WHAE MY R E R, BRI A
%2R

i = JUGETHT R/ ARG TR x NBR S i

B> B Microsoft Excel 2003 4b3#, DPS7.05
WA TSI 30T o

2 AR5

2.1 #4%ZE B6 ARIEAMPANFIENELER
REH RFEDRIFN

1 ZEREW], 2013 M1 2014 AF T A HEE R
B6 ARSI AR . . SRRERERI s T
e, HpAAER) 4 A 7 g/plant ALBRG . BE . BTG
. 2013 4F . 2014 4% 4 H 5y 7 g/plant ZbE 1)
SEER D E XTI 23.14% . 24.25%, @SR
Jr v XTI 32.97% . 33.54%, 4Pl
XFHE 30.08% ., 23.79%.
2.2 4% B6 AREIEAMEMFAENELER
LYo obA

AR FIF A 2 B6 S5 A SE A IR e AT
FREA = T MAEN R (3R 2), HAwi4E 4 Afne Ay
7 g/plant 4bHRA T HE BR AR 2 = T [ AR A He b
Hr 4 A5 6 AGEY 7 g/plant LbFH Y45 10 5, i 45
FRAHLL, B 2014 ARREE 22 AN B AN, 4 A st
FREET 6 Ay, NE2EH, FifE4. 6 A
1 7 g/plant KbFE Y B SR AR i T X R, b 2013 4F
B IR 7.47% . 6.31%, 2014 4F B 5 H %) iR
8.46%. 6.57%.

1 2013 F5 2014 FiEFEEZE B MELERRIR. . HEE (gke)
Table1 N, P, K content of Fuji apple effected of vitamin B6 in 2013 and 2014

ARy Ay it FH 7 & (g/plant) N P K
Year Month Dose
2013 0 0.657 f 0.185f 1.639 £
4 3 0.708 e 0221 ¢ 1.834 ¢
5 0.752 ¢ 0.236 b 2.029b
7 0.809 a 0.246 a 2.132a
6 3 0.696 ¢ 0.200 e 1.865d
5 0.735d 0.213d 1.953 ¢
7 0.791 b 0.217 cd 2.038b
2014 0 0.631 f 0.164 ¢ 1.749 £
4 3 0.691d 0.191 cd 1.846 ¢
5 0.716 ¢ 0.197 b 2.111b
7 0.784 a 0.219a 2.165a
6 3 0.656 ¢ 0.187d 1.773 £
5 0.703 cd 0.192¢ 1.923d
7 0.757b 0.201 b 2.073 ¢

i (Note) . [FFNEHEG AR/NG FHFRRIEANFABEIE P < 0.05 K F225 B3 Values followed by different small letters in a
column are significantly different among different treatments in the same year at P < 0.05 level.



51 TR, A HEARZR BO it T 1] 05 ) T -0 2R i o 4 2 ) 1351
T2 2013 £ 2014 FHEMGEE R B ELERRIER AR
Table 2 Effect of Vitamin B6 on the nutritional quality of Fuji apple in 2013 and 2014
o AG JEHFRE AR TEOFH E4A o O T i Ved 1 AR hifi g R
Year Month Dose Soluble solid Anthocyanin Ve Titration acid ~ Soluble sugar ~ Firmness Single fruit weight
(g/plant) (%) (mg/kg) (mg/kg) (%) (%) (kg/em’) (2
2013 0 13.824 f 14.608 d 13317 ¢ 0213 f 12.567 f 7.887 f 262363 ¢
4 3 15.425d 15.554 ¢ 15.444 ¢ 0.278 d 13.433 de 8.484 ¢ 268.158 d
5 15.733 ¢ 16.743 b 16.579 b 0.311 be 13.967 be 8.661 ¢ 276.293 b
7 17.238 a 17.407 a 17.791 a 0.354 a 14.500 a 8.877a 281.958 a
6 3 14.405 ¢ 14.707 d 14.589d 0.236¢ 13.200 ¢ 8.482¢ 267.443 d
5 15.411d 15.613 ¢ 15.588 ¢ 0.306 ¢ 13.700 cd 8.562 d 271.700 ¢
7 16.588 b 16.844 b 16.596 b 0.329b 14.100 b 8.748 b 278.928 ab
2014 0 13.125 ¢ 14.400 e 11.763 g 0.216d 12.036 f 7.624 ¢ 264.170 d
4 3 15.350 be 17.550d 15.500 be 0.322 be 13.466 ¢ 7.873 be 273.290 ¢
5 16.117 ab 19.520b 16.623 b 0.332b 14.683 ¢ 8.252b ¢ 277.122 be
7 16.758 a 20.230 a 18290 a 0351 a 15.565 a 9.266 a 286.520 a
6 3 14.058 d 14717 ¢ 13.093 f 0.220d 13325 ¢ 8.413b 272.000 cd
5 14.350d 17.787d 14237 ¢ 0315¢ 14.242d 8.468 b 274.100 be
7 15200 ¢ 18.867 ¢ 15.463d 0.330b 15.094 b 9.166 a 281.520 ab

# (Note) : RIFVEIRIGEAF/NG EHFOR FEAR R P < 0.05 KFZHF B3 Values followed by different small letters in a
column are significantly different among different treatments in the same year at P < 0.05 level.

23 AENEAERAAREFIE4LE R B6 I REE
SR

SRS AR T T 28 B A A R SR S R
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F B6 AP A RS SR A I . B
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FRIEWAE 4, 6 AL BEARI & X R, 2013
AEFN 2014 4 4 AF1 6 AA 7 g/plant LB 2-FRELT
2 ORI i 40 ) 3 e X i 1.2 f5 L 0.6 £
0.18 ff. 0.12 % (& 4). HHr 2013 4FF1 2014 4EH Ty
4 A1 7 g/plant AEFIR Sy 2-F BT R L BE Y & =
e AR B v, IR S HBEAIAAE R & 225
TROER. CRROREM 2-FE TR TER# A PR
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TE 2013 4FF1 2014 4 4 HF1 6 HEY 7 g/plant Kb
SR T, A R e X R 201 £
L5, 1.8 4%, 3.7 4%, Jf HAR S X REAAAE b 25 1k 22
5o R OHEMAIXT & BAE 2013 45H1 2014 4F 4
6 HIY 7 g/MRACBEERIA 5 g X B, L5 a0 il s
PR 1A% 1445, 2.0 f% . 14 4%, JF 55X TR
fEEVEZE R 2-H TR T BRTE 2013 4F 1 2014 4F
4 Ay, 6 A7 g/plant ZbE AR B AR T 244
OO s i 0SS T =i o O S i1 =T A G
1.6, 0.6, 0.49. 0.8 1%, Jf5 H4FEXS MUFFAE W 1k 22
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I 2013 4FF1 2014 4F 4 A . 6 AW 7 g/plant A-FRHER
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R 3 2013 5502014 FhieM4%EE E Bo E LRI FTEMRIFELR MM LB S E(%)
Table 3 Contents of volatile substances of major esters of Fuji affected by vitamin B6 in 2013 and 2014

FEHIFRE TRRAH 2-WETRLM CRAM 2-WETRTE 2-WETRFNE IR &

E=h) Ay .
Year Month Dose Ethyl Ethyl 2-methyl Ethyl Butyl 2-methyl Isopropyl 2-metyl The relative content
(g/plant)  butyrate butyrate caproate butyrate butyrate of lipids
2013 0 5.71 34.94 3.02 3.60 4.72 82.05
4 3 2.90 34.20 2.20 1.98 3.31 84.61
5 8.98 46.09 4.39 429 6.01 94.48
7 11.11 48.44 4.05 5.79 5.85 97.82
6 3 4.98 45.46 5.30 3.85 5.88 89.96
5 12.72 46.00 4.74 3.96 5.94 95.67
7 11.69 4571 5.81 4.74 6.57 92.55
2014 0 1.64 27.17 0.52 3.08 2.45 83.32
4 3 1.04 43.51 0.31 3.14 2.79 91.96
5 3.87 34.02 1.97 3.61 9.06 92.20
7 438 30.76 1.47 438 491 94.87
6 3 7.21 27.93 6.97 3.72 4.26 93.21
5 8.65 36.13 5.13 3.66 4.40 94.13
7 6.25 24.82 6.33 4.53 4.78 96.10

T4 2013 FH 2014 FREAEE R Bo WELTRITEMHEXFELMREE (ng/100g, FW)
Table 4 Contents of major esters volatile substances of Fuji affected by vitamin B6 in 2013 and 2014

i Ao i 7R TR 2-WHET R Mg SR -WURETHRTHE  2-WHET MmN AR
Year Month Dose Ethyl butyrate Ethyl 2-methyl Ethyl caproate Butyl 2-methyl Isopropyl 2-metyl
(g/plant) butyrate butyrate butyrate

2013 0 2827¢g 17297 g 1495 g 17.82¢g 2337¢g

4 3 2959 348.98 b 2245 f 2020 e 33.78d

5 53.14d 272.72d 25.98d 2538 ¢ 35.56¢

7 87.46 a 381.42a 31.89b 4559 a 46.06 a

6 3 2594 f 236.77 f 27.60 ¢ 20.05 f 30.63 f

5 67.66 ¢ 244.68 ¢ 2523 e 21.06d 31.59¢

7 70.85b 277.03 ¢ 3521a 28.73 b 39.82b

2014 0 25.63 f 42453 ¢ 8.13f 48.13 ¢ 38.28

4 3 981g 410.47d 292¢g 29.62 f 2632 ¢

5 48.67 ¢ 341.78 e 16.33 ¢ 48.67 ¢ 100.67 a

7 71.80d 504.26 a 24.10d 71.80b 80.49 ¢

6 3 83.84b 32477 f 81.05b 43.26d 49.53d

5 7793 ¢ 32550 f 46.22 ¢ 3297e 39.64 ¢

7 120.19 a 477310 121.73 a 87.12a 91.92b

¥ (Note) : [FFNEHE G AR/NG FHRFIR RIAEARFEALBEEIE P < 0.05 K FE2:57 83 Values followed by different small letters in a
column are significantly different among different treatments in the same year at P < 0.05 level.



54 TR, A HEARZR BO it T 1] 05 ) T -0 2R i o 4 2 ) 1353

T O [ = R 1 335 R =1 AP L B S =
1.0, 0.7, 1.1, 1.4 f%. JF5XT AETE B k22
5o DAL ZESR U 4R AR R B6 J5 {5 5L A i A
RETWAR, £ — BB &S RILHEIMN T, 4
G EEEY AN SRR, 6 HWTRIE. ©
FR M. 2-FIE TR TEEZ L 4 H B 59.55 %.
138.25 %, 5.48 %, 2-WHTR MG, 2-HET RS
TR 4 F A& EAR T 6 A, H2EE
THARXS B i i 22 AR/, L SRR o 6 H Y
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FHEA 7 g/plant, AT REIG I HI s RO £ 50 &
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