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Effect of foliar-applied nitrogen on ‘Fuji’ apple leaf
nutrition and aroma compounds and fruit quality
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HAN Ming-yu®, ZHANG Li-xin'
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Abstract: In order to improve the leaf nutrition levels and fruit quality of apple, Fuji apple was selected to be the
experimental material in the experiment. The effects of different nitrogen levels on the dynamic change of the leaves’ nu-
trients, aroma compounds and quality of Fuji apple were studied by spraying urea in five times of interval with different
levels ( 0.2%, 0.5% and 0.8% ) from May to September. The results showed that, from young fruit to later expanding
period, the content of nitrogen (N) in leaves decreased first, then increased, and finally reached an optimum; phospho-
rus (P) and potassium (K) content increased at first, then decreased, and finally reached a stable level. The content of
N, P and K was improved by foliar-applied urea. N, P and K average content under N2 treatment was 15.68% ,
10.37% and 5.6% higher than the control, respectively. Aroma content of apple was increased to a high extent by
spraying urea, the nonanal, ethyl acetate and butanoic acid-pentyl ester were appeared after spraying urea, and treatment
N2 had best effect, the total amount of aroma components of the treatment N2 increased by 22.29% compared with con-
trol(NO) . The treatment N2 and N3 significantly enhanced amino acids and titratable acidity, but had no significant ef-
fect on soluble sugar and vitamin C. Comprehensive analysis showed that spraying 0.5% urea (N2) could effectively in-
crease the apple leaf nutrients, improve fruit aroma and quality.

Keywords: foliar-applied urea; Fuji apple; leaf nutrition; apple aroma; apple quality
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Table 1 Physical and chemical characteristics of

soil used in the experiment

T2 A AL A AL B
Soil depth  Organic matter Available N Available P Available K
/cem /(g'kg™)  /(mgkg™') /(mg-kg™) /(mg-kg™!)

0~40 11.4 100.71 21.59 140.68

40 ~ 60 9.2 81.71 6.47 91.03

1.2 REEITS5HWHE

1.2.1 X% w4 0, 75508 b3
1,0.2% R Z (N1) ; 40 BE 2,0.5% FR % (N2) ; b 3 3,
0.8% R (N3) s /b3 4, 35 KX (NO) o DA 2 B4R
H—AEBRNIX, B AL FE 3 R, BEHL X 41 HE
G o TERB AR PE AL PAA T ) e v BE A FAHAL
HA RSB Gk TR R W5 P s 5 7, 430
201245 16 H.6 1 16 H.7 J1 16 H.8 ] 16
H.9 H 16 H, 7 5 a2 108 4% e B R Wit A 1 (1)
VSR, SRR IS it [7) — i FBE Bl 2 T UL, R UK B it
k2 500 mL- B e A B R IR R
1.2.2 vt ABSRRERM BN HEDN/NX
M H S H 16 HEFHRSE, BF—DHRE—
USR5 RER I R oA SMEZR 7Y (R Lk
DO J7 1) R K B AR B TR R, BEPLRA , 100
AR, 2R RS R ORI AA3 &
SR BN A T 5 R gk T A B TR IAE
TR Z RHERE A TRy 8, 3l 3 H,0, - HyS0, T,
TFEgmE"

1.2.3 RE&ZAeNE  RELWAIE (10 A 22
H ) MREEE AR L P e A P 0 T00 350 45 5 B L R
5, TR A HURE 8 AR, B A PR A7 48 S
ST A s, RS B R U E S GY
— 1 TRUAE B 0 5 SR ST [ ) i TR
ST A [ TR 40 2 4SO 7 5 P b P BT L £
BAE s Ve FH 2, 6 — 5B BE My kI A2 s A PR R
FI I R % S 52 85 G - 250 Y (o kil i 3
SERRRITES,

1.2.4 GC-MS FHmamzE R TRACE, GC/
MS AT A, [ AR ok 2 BRORE i TiT A0 3 2 7E 40 L
FIRE SR 15 ¢ SERT, 1 g SAb4R, 10 pL 3 -
Tl (0.04 mg-mL~ "), 3 157 50°CH & T F
5 10 min, K ZALIF B ZETEL CEALBTTE 2 h) 6 AFE
P2, 50°C Bt 30 min J5 , & HAEBGK i A
G OGEIERE T SRR 2 min, RS 0: GE
FE AT APE BB DB - WAX(60 m x 0.25 mm
x0.25 pm); FHEFEF : 40°CHEF 2.5 min, LA 5C -
min~ ' J} & 150°C, LA 10°C * min ™' JF & 230°C £ 5
min; 28 (He) i : 1 mLemin~ ', JEJJ 2.4 kPa, #/X
(He) it : 1 mLmin~", N aERE . B 5510 H
TR B TR f T RERE 70 eV BRI 230°C 3 55
TURIRE 230°C s BEES T m/z 285 BTG HLIE 1.5 V3 i
EFHYEE m/z 35 ~ 500 amu, HL 55 EL BB R
2R 70 eV, B IR 250°C , 22 R EE 230°C.
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B >R Excel KA UEAT 007, 22 55 W& M
MR F SPSS 20.0 $dis s #rkf4-(P < 0.05) .
2 R0
2.1 AEAEMHHEFRDETUEM

R 2 Al SERM R 2R AR A S ARk
R G THE , e s B AR g . M it JR Z 38 1
R 4 20 i, HL 5 DR 28k P AR B B I A K
55 059 A4y, &b S5 RE LR EE S, 6

#16.57% ,N3 b M A & 5 NO A ¥ 2=
S HRIR B T 15.88% . 7 H iy, N2 N3 AbH it
ARG EBE S TR, N1 A 2 a2 %A T
Fo 9 M N2 N3 bFE M R A SR BERT
NO, T N1 Fll NO &b 3 Y 22 5 oKk 35 22 oK F . 78
AGRE Wi 0.5% (N2) F10.8% (N3) JRZE %t A
R BTG , AR AT N PR RS
5 NONT J3 B4R 5 15.68% . 12.32% il 15.69% .
12.33%.,

K2 TRMBERMHFRSE/ (mg-kg™')

Table 2 Nitrogen concentration in leaves of Fuji apple during different periods

g SRFER ] (M - d) Sampling time

Treaments 05-16 06-16 07 - 16 08 - 16 09 -16
NO 22.92+1.095 a 17.44+1.115 b 24.07+1.152 b 23.25+0.042 a 23.76+0.85 b
N1 23.11+1.133 a 18.21 £1.162 ab 24.57+1.215b 24.55+0.039 a 24.33+1.042 b
N2 25.13+1.064 a 20.33+1.078 a 29.95+1.103 a 25.1120.119 a 28.39+0.131 a
N3 25.56+1.131 a 20.21+1.14 a 29.81+1.191 a 25.66+1.111 a 27.68+0.122 a

TE AR TR R A B A 22 5 2% (P < 0.05), R Al

Note: Different letters indicate significant differences among the treatments ( P < 0.05), the same below.

R 3FKAFH R F2ulEEa 5 Al
TEUG BEAS 5 I SE T g J B AT A e 3, i 4 0 i 5t
B ST G FRAR, J5 Ak B R ik . -
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PIHEIN , HAES A B A [ b 34 () 34 G S 35 P 22
5o 19 Ay, AL 2wk & R N2
>N3> N1 > NO, ity 28 &% = KN N2 > N1 > N3
> NO, N2 A BRI 5 4= Ml Rl 4 55 2 20 S35 NO 42055

T 10.37% M 5.6%
2.2 ARLEINRIFSHZNG

FH S WA, AN [ Wi v B 0 3 SR AR
Oy —ERREERC . T AR R AR e A
FIFS IS 40 Ff, Horp ot B (NO) SRS AG I 51 27 Ff,
FILIREESS 5 Pl (BRS 14 Bl BE2S 4 B BAS 4 B, H:
EYIIT 4 i N1 LB S R I 2] 34 Ffr, AL 46 2k
4 Fp BEZS 17 Fh EDS 6 B DS 2 B WIS B

x3 AERPAERMITABEE/ (mgkg ')

Table 3 Phosphorus concentration in leaves of Fuji apple during different periods

Jb R RAEFEN (M = d) Sampling time

Treaments 05-16 06-16 07-16 08 - 16 09 - 16
NO 1.7+0.095 a 2.54+0.115 a 3.46 +0.152 a 2.94+0.042 a 3.28+0.085 a
N1 1.73+£0.133 a 2.66+0.162 a 3.84+0.215 a 3.23+0.039 a 3.14+0.042 a
N2 1.83+0.064 a 2.84+0.078 a 4.17+£0.103 a 3.89+0.119 a 3.62+0.131 a
N3 1.72+0.131 a 2.54+0.149 a 3.66+0.191 a 3.79+0.111 a 3.21+0.122 a

x4 AERBAERMHAHEE/ (mgkg™')
Table 4  Potassium concentration in leaves of Fuji apple during different periods

BB SRAER ] (M ~ d) Sampling time

Treaments 05-16 06-16 07-16 08-16 09-16
NO 9.68+0.042 ab 10.65+0.168 ab 7.73+0.094 abe 7.02+0.117 a 7.36+0.093 a
N1 9.87+0.084 a 11.04 £0.145 ab 9.06 £0.055 ab 7.48+£0.105 a 7.66+0.234 a
N2 9.96+£0.054 a 11.67+£0.137 a 9.71+£0.092 a 7.83+£0.050 a 7.83+0.087 a
N3 9.78+0.071 a 12.23+0.162 a 9.66+0.075 a 7.67+£0.142 a 7.59+0.182 a
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N2 Ab PR S PG 2] 35 F, GRS 5 b BE2S 16 WSS BRISFIRE S LU, i I3k =W o Ay R 52
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Table 5  Effects of foliar-applied urea on aroma component concentration of apple fruit

poaes F 54 QLB Treatment/(pg-kg™")

No. Aroma component No N, N, N,
1 % Ethanol 0.28 0.31 0.47 0.26
2 5 T Isobutyl alcohol 8.52 7.44 8.15 6.89
3 (E) - 2 -2 - &M - 1 - ¥ Trans — 2 — hexen— 1 - ol 0.05 — 0.087 —
4 TECLEE 1 - Hexyl alcohol 8.98 7.44 7.12 8.30
5 1 - TE% 1 - Butanol 1.21 0.89 1.37 1.44
6 3 — F-fill 3 — Nonanone 10.76 13.74 14.22 9.66
7 K Damascenone 0.08 — — —
8 SR A PSR Trans — geranyl acetone 0.71 0.81 0.77 0.57
9 - 2T E - a- beta— ionone 0.11 — 0.03 —
10 KKt Ethylbenzene 0.11 0.13 — 0.22
11 3 - ZHI3IE 1,3 - dimethylaniline 2.03 2.17 3.22 3.56
12 i3 Anethole 0.46 0.47 0.54 0.44
13 T A H fi# Methyleugenol — 0.04 0.012 0.03
14 a-{5Yeki Famesene 7.15 7.88 9.25 7.89
15 L% Hexanal — 0.01 0.07 —
16 IE T Butanal 0.41 0.47 0.86 0.54
17 2 - IECL#¥ 2 - Caproaldehyde 39.75 38.34 49.33 38.65
18 2 - OV Hexen -2 - al 34.98 41.11 44.22 42.54
19 T/ Nonanal — 0.03 1.07 0.75
20 (E) -2 - &4l (E) - 2 - Hexenal — — 0.66 0.21
21 (E) -2 - ¥4 (E) -2 - Octenal 2.67 1.99 2.77 2.54
22 FEAE R TR Methyl hexadecanoate 5.1 4.93 6.34 6.78
23 LR Ethyl acetate — 0.13 0.87 0.05
24 LR -2 - HEETHE Acetic acid, 2 — methyl butyl ester 44.58 46.22 47.47 47.45
25 2 - HELTPRCER Butanoic acid, 2 — methyl — , hexyl ester 8.26 7.11 10.32 9.56
26 PI#FR PSR Propyl 2 — propenoate 0.21 0.27 0.66 0.14
27 O -5-C%i -1 - Acetic acid, 5 — hexen — 1 ester 0.44 0.45 0.33 0.65
28 LR TR Acetic acid, butyl ester 1.80 1.66 — 0.12
29 TR Butanoic acid, propyl ester 0.70 0.78 1.71 1.44
30 ZTRJXBE Butanoic acid, pentyl ester — 0.03 0.45 0.21
31 T2 THE Butanoic acid, butyl ester 1.86 2.11 — 1.11
32 2 - HEETER TS Butanoic acid, 2 — methyl — , butyl ester 34.31 33.4 40.34 38.59
33 CERTN R Hexanoic acid, propyl ester 2.4 2.55 3.69 4.03
34 TERCH Butanoic acid, hexyl ester — — 0.98 0.11
35 2 - HELT R T Butanoic acid, 2 — methyl — ethyl ester, 85.76 86.64 110.37 79.96

R N

36 Eutafofz;ﬁi&, 22 - ii}?; —I&i H, 2 — methyl butyl ester 238 254 587 2.78
37 TR LR Butyric acid ethyl ester — — 0.26 —
38 2 - HELT R IR Butanoic acid, 2 — methyl - , ethyl ester 23.60 26.35 30.55 30.54
39 LR -2 - HIETHE Acetic acid, 2 — methyl — , butyl ester — 0.33 — 0.56
40 R -3 - HIETHE Hexanoic acid, 3 — methyl — , butyl ester 3.77 3.64 3.56 3.9

B RS Bt Total aroma content 333.63 342.41 407.99 352.56

- RN AR E Note: “ — ”"Means not found or not exist .
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Fig.1 Effects of foliar-applied urea on aroma components

and concentration of apple fruit

x6 AELERIAR
Table 6  Fruit quality of different treatments

IR HeAF C o e A L AR AR AR e
. A AL R A o . .
gt Soluble sugar Vitamin C o Total amino acid Soluble protein
: . Titratable acidity . .
Treatment concentration concentration % concentration concentration
/% /(mg‘l()()g’l) /% /(mg'g’l)
NO 11.58 +£0.058a 7.38 +0.02a 0.25+0.006 b 64.41£0.85b 2.78 +0.026h
N1 11.37+£0.042 a 7.31£0.03 a 0.26+0.015 b 66.07+0.61 ab 2.98 +0.006a
N2 11.1+£0.131a 7.12+0.08 a 0.27 0.006ab 68.96+1.49 a 3.08+0.05 a
N3 10.73+£0.122 a 6.94+£0.02 a 0.30+0.010 a 66.21 +0.81 ab 3.01+£0.028 a

3 PhieSghe

REIE R BRI S o, 2R
T EEE IR Z — o HXPRR A 32 2R
TEARH ARG RN e P i A L B SR 5
FE TR S 7 T, B R AR A A
WFFER I, 3R R R A OGN  BL
SRS THis b FRe v i e 2R 0 4
Fedg LA KT IR B N AL E £ AR
RN HA PN R, SRR —EGHES
LA R LD R 3R A A R
WFFE A R 22 A B, X AT RE SR i IS X 358
PR 28 IR PR i) A O 1214

e JIE Ak R, FHTAE A, SUAS 32 A A P BR
], T LA R R 2 SRR R A R B SRR DL,
VR SRS b F 2l Bt NE O =X, %o s i e 2
BE A B AR o A RBSE SR, T
PRESEIN T R 2 A &5, 0.5 % 2 i B it Y bR
FUHE X G PRE D BRI R
I ORI R AL A BB I 4 R — S 1k
bW PR 2K I T e e R, F B

0.5% W EFHLEAT X 52 5 BTt < A g™
M3 it R RE 08 £ o R il O i 2 g R AR —
., LA R IR E W, RIE S H AR
B o S 00 M I R OGO 3R, it SIS T
R R AR TR E

Ut I i A S SRS A SRR A, 1
L35 B3 5 S i B AL, Dixon 250 BF 5 26
SR R Y s R F R 2R T 7 78% ~
2% ,VALTR T BRAC R4y 5 LB T B A O
TR R T A A SR R SR R 20 A
W £, & L3RR 40 FE R, Hoh gk
P 19 . B EREEEERNELSA:RT
B2 - IEC .2 - M IEC .3 - Tl o - 7%
Wekss LR -2 - AT AR 2 - L TRRC g .2 - H
TR THELA K 2 - HIE TR AER, 588 F 3k
I3 94.57% o H T AS ) i Sg R R 56 45 2F R R TR
M 25 RMAFTE R R 22 5 . BRI H AN,
S il = REAsL 2 fff LR S MU AR 22, Ao A 3
IR A BRI BL I i SR S Rk 2 e 3T £ 2122
30 3 A [ it A Ak B 21— S SR S A 5 i
FEHRA, G I 43 Ik AAS TRy 2t SRS & A 1



174 TR A AT

o535 &

BB S R BE AR B T — AT Y SR 5,
STREEE NN ESEEN 96.65% , — UK IE K
93.7% . Taylor 2 B HJF 53 2 A, W0 3 51 75 S 40
RS L Z B AR, AR, B
PRE G , B BT, ARG 0.5% W ¥ IR %
ORI B35 . BREY) B B AR S B AU
Er i AHARL, 0. 5% V& B W il 28 B I A A s5CR , 3X nl g
S TR T S BRI R AR
Yy R E T IR A, L R 1o i A VR
T LS HE TR , 28 R sl Bl &, T 1S i B N e 35 —
CoA, HFTITE S HERE R Y BT . SRLhlE A A R
T RAE A SR 53 22 BN 2 56 1R A ™ A, i 28 0]
S IR LR R R4 -2

& % X #k:

(1] XUEAG R E SRR B BRI T5 T W) B  H AT AR I
WHFE[D]. 282 : N R4 R, 2004

[2] Nava G, Dechen A R, Nachtigall G R. Nitrogen and potassium fertil-
ization affect apple fruit quality in southern Brazil[J]. Commun Soil
Sci Plant Anal, 2008,39(1-2):96-107.

(3] Btk . PR 5 s 0 20 8 SR 8 35 S A S T
D] E AR MBI R, 2014,

(4] Hieds, Zpa% , skobkaR , &5 RN 0 X 20 SR AL BT Ol
AR FOCR & AT 1] Pl 2441, 2008,17(1) :
229-232.

[5] W& &0 W, ik44% 55 . E /KRR TA] it 0 i % 1 50 T B
R A B A I (] . SRR 41,2010, 27(6) : 871-876.

(6] FHE Ktmas, MU, 55 . ABHH X205 L3R5t 5 i
AR BUCER & g2 )] . o R, 2009, (2) 114417,

(7] #-LH . i adr (M), 88 =M. dbat: s gl i,
2000.

(8] WA MY LM IR T (M) Lo w55 80F i,
2006:229-231.

[9] 230k, 5k B AR g AR EREBIERL] . iR %k
PR R (A ARRHTRRD ,2002,33(1) 1 96-100.

(10] Z=0RE L RER, FFEIE, & a8 LSRR E20 o E &
AL AERT ST LI ] IHEAR R AT ST ,2006,21(3) :296-299.

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

UL SR B IR TR B AR E(E S R R R TS
[D]. % : PALACHBL R, 2004

G AC SR 20 b S A R ) R 3R A2 W S
[D]. % : P ALACHBL K2, 2012,

TREA LU R R B BUTR 590 B KR
WEFELD] . fRoE - ek K%, 2004,

Jot i A, AT PR B, A5 SRR R B R OT R —— Mk
HRFEFR WA RET] . 2240, 1981, (4) 2 21-
28.

AR, BORRL, A, A5 MR X 32 TR At o8
TR AL RN (1], 15250 R 224k (RO B2 D)
2005,23(1):15-18.

Si o dE BT A R R K R BUIL AT S [ D] 4
B PYALAR MR R, 2010.

ORED, FR Y] AR M 5 o BT R L M 3h A Rt 0 2k
RAGERAFEE[T] SRR, 1995,12(1) :41-43.

I  ORta ], AR, S5 A B, ST s AR AR K
W R ZE T BAS RS ()] R SR S IR R R, 2011, 18
(1):241-248.

DeJong T M, Day K R, Johnson R S. Partitioning of leaf nitrogen
with respect to within canopy light exposure and nitrogen availability
in peach ( Prunus persica)[J]. Trees, 1989,3(2):89-95.

Dixon J, Hewett E W. Factors affecting apple aroma/flavor volatile
concentration: review| J]. New Zealand J Crop Hort Sci, 2000, 28
(3):155-173.

Rowan D D, Lane H P, Allen J M, et al. Biosynthesis of 2 —

methylbutyl, 2 — methyl — 2 — butenyl and 2 — methyl butanoate esters
in "Red Delicious’ and ’ Granny Smith’ apples using deuterium-la-
beled substrate[ J]. J Agric Food Chem, 1996,44(10) :3276-3285.

Nava G, Dechen A R. Long-team annual fertilization with nitrogen
and potassium affect yield and mineral composition of fuji’ apple
[J]. Sci Agric (Piracicaba Braz), 2009,66(3):377-385.

L ST o o | S e 1 W S D W e
AR I]. A7 R 22,2010, (3) :1-3.

Taylor A J, Hort J. Measuring proximal stimuli involved in flavour
perception[ J]. Flavor Percep, 2004,1:1-34.

TR AR, JRl AR B R S S AR W AT 5 e
[J]. 8 254 ,2013,40(9) : 1679-1690.

Bk B, b RSEF AW (1] AR £, 2011,
(6):17-18,20.



