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Abstract: The objective of this study was to find out the major soil nutrient ratio factors affecting fruit quail-
ties, and to obtain the optimum proposal of soil nutrient ratio for good fruit qualities. It will provide basis
data for growers in making rational application and increasing utilization ratio of fertilizer in “Fuji” apple tree.
The investigation and analysis were carried out on soil nutrient and fruit qualities in apple orchards of Beijing
region from 2008 to 2009. 18 kinds of proportion between soil mineral elements were calculated; methods of
canonical correlation analysis and linear program were used to screen major soil nutrient ratio factors affect-
ing fruit qualities and to solve the optimum proposal of soil nutrient ratio for good fruit qualities and plentiful
yield in “Fuji” apple. The results showed that soil nutrient ratios vary among different apple orchards, where-
in the maximum value of alkaline hydrolysable N/available P, alkaline hydrolysable N/available K, alkaline
hydrolysable N/available Zn, available K/Zn and available Ca/Zn was worth 7.95, 7.60, 10.58, 18.76 and
13.47 times the minimum value respectively. Canonical correlation and regression analysis obtained that both
alkaline hydrolysable N/available P and available P/Ca were positively correlated with fruit mass, while alka-
line hydrolysable N/available Ca was negatively correlated with it; both alkaline hydrolysable N/available Ca
and alkaline hydrolysable N/available K were negatively correlated with firmness; alkaline hydrolysable
N/available Fe had the greatest effect on fruit soluble solids content, and was negatively correlated with it,
while available K/Fe was positively correlated with it. The optimum proposals of soil nutrient element ratio
for good apple quality were alkaline hydrolysable N/available P 1.9, alkaline hydrolysable N/available K 0.18,
alkaline hydrolysable N/available Ca 0.02 - 0.115, alkaline hydrolysable N/available Fe 1.6, alkaline hydro-
lysable N/available Zn 4.0 - 55, alkaline hydrolysable N/available B 80 - 420, available P/K 0.4, available
P/Ca 0.028 - 0.22, available P/Fe 3 - 30, available P/Zn 9 - 80, available P/B 600, available K/Ca 280, avail-
able K/Fe 5.6 - 33, available K/Zn 125, available K/B 125 - 980, available Ca/Fe 500, available Ca/Zn 120
and available Ca/B 1300 - 11,500. Under this optimum proposal for soil nutrient ratio, the target of fruit
qualities of 442.06 g mass, 13.87 kg/cm® firmness, 29.37% soluble solids, 0.51% titratable acid will be
achieved theoretically. Taken together, it is the key to improve fruit soluble solids content by reducing soil
alkaline hydrolysable N, increasing available K and stable available Fe.
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T el - 398 37 4 A7) DR R SR I 5 K] 2R () ) 9%
RESLRE R, AW IR ST 7, DU
filt N/ P (X))~ Bl N/ARLK (%) TfE N/ARL Ca
(%)~ WHfE N/ K Fe ()~ BlfiE N/AG R Zn (Xs)s B
N/ B (X6)~ 2 PIAA R K (%) F 3% P/ R Ca (Xs)~
B PR Fe (X)) HUPIAR Zn (X0)~ AR PIEH
BB (Xi1)~ AR K/ R Ca (X10)~ 3 K/A R Fe (Xi3)s
HHUKAM Zn (X))~ ARKAKRB (xi5)s AR Ca/
B2 Fe (i) AR Ca/A R Zn (x)FIHG %4 Ca/F 34 B
(X)) AN IESEE, RELPRFTE(y,) R
(Y2)~ SR SR B0 (ys) A0 AT 8 58 R (ya) 9 70— A
A, AR ML AAE G REI RN, S5 AR FI STt
SYNTRE RAE, GRTE H S e ST i 5 R 2K ) 4R A L
BRI, FFaEar 1SS i R 3 5 32 4 43 e A
7RI R TR 3). R 3 TR EH, XE+
3 S e LR R S R I L 3 R ) LB TR T S

3.3.

A N/ R P (x))~ Bl N/ R Ca (xs) R 2L P/ 3K
Ca (Xg), FLrPBRfE N/A L P () F145 %L P/AT 3L Ca (Xs)
Lo 5 SR s s B B 5L IR AR OR, T BRAR N/ AL Ca (%)
52 2H0HK, KPR PE N HRP A
B Ca BAH B LA DG 22 2 v R 5 . 1L ot 2 P DR e A
Ty 0 SR SR S I A K 1) E 3R 4y LB R 4
BlAAE N/ Ca (%)« HRPIARK Ca (X) AR PIH
R K (%) TR N/AG 2% K (%), Bl N 5% Ca L
ol 5 RS R 2 ARG, S A R R E ST, R
SEANSKHE N, S SRS 2 A s BAE N/ AX Fe (%)
BelfFE N/ AL Zn (xs)~ Bl N/ B (%) A3 KA
Fe (X13)« %% Ca/fa %% Fe (x6) M4 %% Ca/Aa %% Zn (x;7)
Bz eI EE R &, o AR N/ K
Fe (x)SMAFERE R R, HEZ BHAHR, MAM KA
B Fe (%) 5 2 SAEARDG; [RIEE, 0] DAFR H 52 S sk
A R R ) R oy LI IR
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M T A R e 398 57 23 O B PR 45 2R 52 J5 A
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Table 3. Selection of the factors of soil nutrient ratio affecting fruit qualities and establishment of regression equation

R 3. SRR KB IR AR T B ) 5 R S

) A S R i i1 A N e
SR (Y) Vi SRS it R 38R 03 BB IR (0 ElEpe TIFEF{H
. i The proportion soil nutrient factors affecting . . Fvalueof Pr>F
Fruit qualities frui o Regression equations .
it qualities equations
B R 2 1 =135.1996 +45.8845x —276.0179%, +351.165
yi R Xi3 %5 X Xi1; Xia g iy 5 * 206 0.1009
Mass per fruit +0.1156X, +0.6287X,
, =10.9504 —1.6721x, +8.9299x, —1.6959%, — 6.8899x, — 0.00304X,,
Y2 %y\—ﬁﬁ}ﬁ X235 X35 X735 X85 X105 Xi2; X135 Xi6; Xi8 v \ * * * g 3.25 0.0101
Firmness +0.00687x, —0.09967x, +0.01424x,, —0.0003042x
Y s, . =15.7349 - 0.3882X, +0.0992x, — 0.0085x,
y;sﬂm ﬁlﬁ]ﬁ/% X4 X535 X635 X135 Xi65 X17 Y . 249 0.0808
oluble solids +0.0618x, +0.01561x, —0.00299x ,
SR 22 i =0.3118-0.00196x; +0.0002438x_ +0.00353x, +0.000313
Ya P 3R Xs5 Xo5 X9; X115 X135 X155 Xig 4 * . * * 1.97 0.0986

Titratable acidity

~0.0047x,, +0.000245x,, —0.00000362x,,

e 1) X BRAE NP % Bl N/ R K % A NG Cas x WU N/ 2L Fes xs TR N/ AL Zn: X TR NIAGSB: % B PAAM K: X B
P/ 3K Cas o 24 P/ 3K Fes Xio H A P/ R Zns X B PR Bs X B KA Cas Xi3 R KA Fes x4 B KA Zns xis 3 K/ B;
X164 2L Ca/F % Fes %7 A 30 Ca/H 2 Zn; x5 A3 Ca/A 2 Bo 2) AN ST AR G 73 A e H e SR S i o PR R 1) 32 B2 e 9 o LU I R 7, FE 7

TIRERE, 9T BRI RERIA RN, Wi T TR 10% 0 KT B T
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I K (Yimax)) N HARREL(A), 17 FE IR (y,) AT PE
W FEA(ys)~ SRS AT 52 PR (ya) A1 357 7 LLAGI U N/
BRP (X)) Bl N/A K (%) BlfE N/A R Ca (X3)-
AR N/AT 2K Fe (%)~ TR N/AT AL Zn (x5)~ TBUf N/
BB (%) B PIAARK (%) AR PR Ca (Xs)-
B P/AR Fe (x) ARUPIA Zn (x0) A PIEH
B (X))~ AR K/A R Ca (Xp0)~ A% KA XL Fe (Xi3)~
HHUKAM Zn (X))~ ARKARB (xi5)s AR Ca/
HR Fe (Xi6)s AR Ca/ARL Zn ()M R Ca/H 2L B
(Xi) NLTR A (B), Horp 72 b 3385755 Lo il (1 20 2R
SRR VR A R BE TERE, [RIRT 3% [ 4 Ah R4y
&AL ARG SR 5T R R I 2 R A
4 VA 7 1A B VR ] o A S SR AR v ) &
SR TARAR, BESL T SRR SR R K I 2R
g
Y. =135.1996 + 45.8845x —276.0179x,

1
+351.165%, +0.1156x,, +0.6287x,, M

10.9504 —1.6721x, +8.9299x, —1.6959x,
—6.8899%, —0.00304x,,
+0.00687x,, —0.09967x,
+0.01424x,, —0.0003042x,, > 8.8
15.7349 —0.3882x, +0.0992x, —0.0085x,
+0.0618x; +0.01561x,,
—0.00299x,, > 14.5
0.3118—-0.00196X%, +0.0002438x +0.00353X,
+0.000313x,, —0.0047x, +0.000245x
—0.00000362%,, < 0.45
02<x <19, 0.18<x, <2, 0.02<x <0.115
L6<x, <18, 4<x <55, 80<x <420
04<x <16, 0.028<x <022, 3<x <30
9<x, <80, 100<x, <600, 35<x, <280
56<x, <33, 52<x, <125, 125<x, <980
50 < x, <500, 120<x, <2100, 1300 < X, <11,500
(2)
N FH AR R (0 77 32, AT ST SR i R S A T g K
(CAYNEIR A2/ SN EIE SRR S5 N
(Ymaxa) PIZRVERLRI 7 72, b B S B B0 & 1) 20 SR 2%
£ 300 go KM, G T E LRSI
3T LU R I RO Y L (R 4). MR 4 B,
WA N/ P N 1.9, BfiE NAAZL K 9 0.18. Hilfii
N/A K Ca 4 0.02~0.115. B fifE N/ K Fe N 1.64 B
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fiff N/ R Zn 2N 4.0~55. Tl N/A L B 9 80~420.
HHPAMK N 04, HP/AHR Caly0.028~0.22,
B3PI Fe N 3~30. H P/ Zn A 9~80.
PR B N 600, AR K/A R Ca 280, HRUK/
B Fe N 5633, HMKAR Zn 2~ 125, A K/
BB N 125~980. % Ca/H % Fe N 500, A%k Ca/
B Zn N 120 FI 3% Ca/H 2L B 24 1300~11,500 B,
HARS BB Ee s Ry RRRER
442.06 g, FSHEEE N 11.87 kg/em?, TIIETEE Y&
BN 29.37%, WHEREEN 0.51%.

4. g

41 RETEFSLLHINERR
SERLABRHEXER

TESERE e, AR R R &
AU, AT RE E ARR R0, B G B it
JIEL i S P SRRt 2% B T A P RS e AR S I . AR
W R DA R R el (B N 5 A2 Py K. Ca. Fe.
Zn 1 B LU S RAB 53 ) N s/ ME ) 5.564 7.95.
4.04. 7.60. 10.58 F13.44 f%; AR KA Zn. AL
Ca/fA 3L Zn Wil KAE 73 7 N B/ IMET 18.76 1 13.47
£5, ULB T AN [E) S el ) 39 9% 43 Ll BAF AR R 2 5 o
8R4y LA 5 SRS R R R AR DG A b, e
M Ca/FR B AR PR K 5 Sl 2 IEHE,
IMAH 24 P/ B Bl N/AA B M52 RA7AHK; $2
FIAE N 5H2 B HH S FEACR SE T v BE &
B, MRFEAERK P 5H % B LAk v] DL hn 5 s ay bk
Y& & AR PAA AL Zn 2 o SR ST n) i
MR FER T, H52 2MM%. Fallahi®HF 5008,
LY FFES T, N. K. Py Ca f1 B 53R
ANA 5 35 (A S Ik B, N3 1 2 PR O S il
R E ) & i BECFI A, R
P/ ALK 5 SRS (R T P [ T 2 e B2 R ARG,
R T LTRSS E A A 5E R0 F ST S R R
M LR A, SRR D T AN AT, 7 2
IN E v iWiReR

42 EXERREHTRFSLEARUKE R
I FE L SR AR S W K T3, Ot R
SE b AR ) 3R 0 LU DR 1, RS 1 RSl iR
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Table 4. The optimum proposal of soil nutrient ratio and good fruit quality
* 4 TEFSLEHSRIARRETR

iH AL i A T A R B
Item Mass per fruit/g Firmness/kg'cm’2 Soluble solids/% Titratable acidity/% Range of value
X BN/ %P Alkaline hydrolysable N/Available P 1.9 1.9 1.9 1.9 1.9
X B ARN/A 3K Alkaline hydrolysable N/Available K 0.18 0.18 0.18 0.18 0.18
X BN/ 34 Ca Alkaline hydrolysable N/Available Ca 0.02 0.115 0.115 0.115 0.02~0.115
X8 f#N/AG %4 Fe Alkaline hydrolysable N/Available Fe 1.6 1.6 1.6 1.6 1.6
xsHfAN/A %4 Zn Alkaline hydrolysable N/Available Zn 55 55 55 4 4~55
XsTHAFEN/A 4B Alkaline hydrolysable N/Available B 80 80 80 420 80~420
X 45 %(P/45 3K Available P/K 0.4 0.4 0.4 0.4 0.4
Xs 9 24P/45 24 Ca Available P/Ca 0.22 0.028 0.22 0.028 0.028~0.22
X5 R P/4 % Fe Available P/Fe 3 3 3 30 3~30
X109 24(P/45 % Zn Available P/Zn 9 9 9 80 9~80
X1 Z4P/A5 3B Available P/B 600 600 600 600 600
X12 A 2 K/ 3 Ca Available K/Ca 280 280 280 280 280
X135 RUK /4 R4Fe Available K/Fe 5.6 5.6 33 5.6 5.6~33
X146 K/ 3 Zn Available K/Zn 125 125 125 125 125
X151 2 K/A7 4B Available K/B 125 125 125 980 125~980
X168 A Ca/H % Fe Available Ca/Fe 500 500 500 500 500
X178 2 Ca/fG % Zn Available Ca/Zn 120 120 120 120 120
Xi5 A 21 Ca/H 34 B Available Ca/B 1300 1300 11500 1300 1300~11,500
y At Optimized values 442.06 11.87 29.37 0.51

DA 25 5 32 4553 43 LU DR ) IR 5 R, 2Rl
K R RRE > 300 g FLMEE > 8.8
kg/em®, AEMEETEYI & & > 14.5% A i E R & B<
0.45% I} ) T 3377 53 Lu B A TT S0 BRlfl N/ 2L
PN 1.9, BfE N/AARK N 0.18. BHffE N/ARL Ca
0.02~0.115. Bllfif N/ Fe A 1.64 Blfi# N/A XL Zn
N 4.0~55. T NGB N 80~420. Ak PIAR K
N 0.4, HRUP/AR Ca N 0.028~0.22. 5L P/ 4L Fe
N 3~30. B P/HM Zn N 9~80. AR P/AK B N
600 A %% K/ % Ca N 280 % K/A %% Fe N 5.6~33.
B KA Zn R 125, G KA B N 125~980,

A Ca/fi3% Fe A 500, 2% Ca/A%K Zn 79 120 FIFH
R Ca/fi % B 9 1300~11,500. 5% IS KR 42
I, ARG FERE R > 4000 kg) i+ 1200 A%
N/ P R 1.21~5.89. Blf# N/A R K 4 0.36~1.35,

AP K N 0.1~0.67; Filf =Z0 W5 1L 44 5E
T el - S BAR N/ RPN 1.83, BlfR N/A R K N 0.614
AP K N 0.33; BHCFI RN, LR
el (1) 398 3% PAT R K M 0.48. 5 T IR IR N/A R K
WAL, Helfl S5 N g R—8. KW T
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FEREE IR A, WE IR LR AR, X
59 R GBS 5 S B EE R TR L.

5. &g

1) b X S5 5 1] 38 9% 45 Lo ] 22 S8k, Bk
it N 5% P. K. Ca. Fe. Zn 1 B [ LL 5 KAE 23
SN/ MBI 5564 7.95. 4.04. 7.60. 10.58 1 3.44
& ARKARK Zn. B Ca/A R Zn (5 KA 5 5
FE/MERT 18.76 A1 13.47 £, R E SR
1911 9 508 B8 v 77 43 ) F 80 A e i s it i B
BAEH.

2) HIEFED IR N 3P AIE R Ca (AR E
LU O6 Z o e S R R B 1 G R T, BRUAR N/
AP, A PAEM Ca 52 RIEMKE, Wil NA
M Ca M52 2HAHK: fE NG Ca. BHfE N/
K 5 RS 2 AU G Bl N/AA AL Fe X 3 szmp
WYL & o, HHZ BHAHEK, AR
K/A 3 Fe M52 2IEMG, PRI N, 25
BRK. Fag LA Fe & R HE m A s nl v e [
TEW & =

Copyright © 2013 Hanspub



ARSI SR A 1 3R o B 5 ST

3) Abus X E S IR AL s R B At Ak
T7 RN WA NP A 1.9 iR N/A K N 0.184
Bl f#E N/AT 2L Ca N 0.02~0.115 Bllfif N/A5 3L Fe N 1.6+
Tl N/ 2 Zn ol 4.0~55 TR N/AG 3% B A 80~420.
HHPAMK N 04, HRPAHR Caly0.028~0.22.
B3PI Fe N 3~30. H P/ Zn H 9~80.
PRI B N 600, AR K/A R Ca i 280 H LK/
B Fe N 5.6~33. A KA Zn N 125, A K/
A2 B N 125~980. 3% Ca/f5 %4 Fe N 500, 3L Ca/
B Zn N 120 F1 3% Ca/H 2 B 2N 1300~11,500.
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