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Effects of soil nutrients on the quality of ‘ Fuji’ apple: Based
on a survey of apple orchards in 6 counties in 3 provinces

LI Tai, LU Shijun, HUANG Jiazhang, SUN Junmao’
(Institute of Food and Nutrition Development, Ministry of Agriculture and Rural Affairs, Beijing 100081, China)

Abstract To study the effects of different soil nutrients on the quality of ‘Fuji’ apples, seven quality
indicators of ‘Fuji’ apple and six indicators of soil nutrient factors in orchards were selected and measured
by taking ‘Fuji’ apples and soils from 46 mature orchards in Shandong, Shanxi and Shaanxi provinces as
study materials. The correlation analysis, partial least squares and multiple linear regression were used to
screen the most important soil nutrient factors affecting the quality of ‘Fuji’ apples and establish a
regression equation between soil nutrient factors and the quality of ‘Fuji’ apples. The results showed that:
1) Soil alkaline dissolved nitrogen content was significantly and positively correlated with coloring area,
soluble solids content and acid-fixing ratio; Effective phosphorus content was significantly and positively
correlated with fruit firmness and acid-fixing ratio; effective iron content was significantly and positively

correlated with coloring area, soluble solids content, acid-fixing ratio and fruit shape index; pH was
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significantly and negatively correlated with coloring area, soluble solids and acid-fixing ratio, and highly

and significantly correlated with titratable acid content. significant positive correlation with titratable acid

content. 2) The soil nutrient factors affecting apple quality (in descending order of impact) are as follows:

Single fruit quality, pH and available calcium; Fruit shape index, available iron and pH; Coloring area,

available iron, pH and alkali-hydrolyzed nitrogen;

Fruit firmness, available phosphorus, available

potassium and pH; Soluble solid content, available iron, pH and alkali-hydrolyzed nitrogen; Titratable acid

content, pH, available iron and alkali-hydrolyzed nitrogen; Effects of solid acid ratio, pH, available iron and

alkali-hydrolyzed nitrogen. On this basis, the regression equation of ‘Fuji’ apple quality was established,

and the positive and negative effects on fruit quality and the degree of influence could be obtained

according to the regression coefficient of soil nutrient factors.

Keywords ‘Fuji’ apple; fruit quality; soil nutrients; pH; partial least squares regression
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Table 1 Location of main producing counties Ccities and districts) and number of experimental orchards

KR /mm ARMRE/C O R A
A1 B XD % 4z 4K /m
. ) ‘1 . - . Annual Mean annual Apple
Provinces County Longitude Latitude Altitude L
precipitation temperature orchard
i %5 1§ 8 T Qixia 120°33'~121°15"  37°05~37°32’ 149. 00 743.00 11.40 6
Shandong - 3¢ 3¢ [x Penglai 120°35'~121°09" 37°25'~37°50' 18.00 606. 20 11.70 10
e v & I & Luochuan  109°13'~109°45"  35°26’'~36°04" 1 148.00 622. 00 9.20 5
Shaanxi 15k B Baishui 109°16'~109°45" 35740’ ~35°27" 785. 00 577.80 11.40 10
1L 7§ Ji 5 B Wanrong  110°25'~110°59"  35°13’'~35°31" 596. 00 500. 00 11.90 6
Shanxi I Jaf B Linyi 110°17'~110°54" 34°58'~35°18" 400. 00 508. 70 13.50 9

RS E AR/ PRI BRI R B, Bk i
0T AR, JH B SR B (GY -1 8, F I AL RS
A PR A DI S R B RE S BT DL AT Y
WAY-2W , b A ) B 22 A g A RS WD
A B 9 &, FH NaOHC0. 1 mol/L) H Al &
I AL E R A ORISR
1.2.3 L HSRBEAER

T AP 260 P R ) B 5 A A T R SR
P -BH B BL B €0 0 5 SRRSO £ TR IR D - K
K B T 0 A 5 A SRS R BBk DTPA 2 42 -
JE - R ST 435 o B ok s pHL R R A7 ]
1.2.4 % L% 5

DZELLHELE . £ &L (Multicol-
linearity) j& 4§ #E 17 2 Ju 2 P 10l 4 43 Mr if , A A2 12 2
6] 5 2 v B (R AH S 1, B A A8 o 22 1R A 3 oL b 2 1
K FR o Ay HoA FEAS AR AT DU LA A AR
It YR PR B AT A I, 23 i RS R Oy R Y M
o  AEARZEAZEZRNZEILLN, 5 H M
FHTET VA 53 B AN AL 23 0 [ 05 7 R A5 AN 2 AR 22 (1 45 41
FO 2 R B IR S5 18 . NI AE 2 A8 B 2t Il e
AFrh X [ A R AT £ E R s e,
— Bk UL, 22 H R M2 W T LUE B 43 B R AE AR
(14 4% 1 6 B50RN 43 ik H 1R 2, PR <230 S 55 4
K, ZME IR K =30~100 R R AR M G, KR
=100 M3 A OC, H 248 2 A AT I R BCE
BRI Ty 2250 fg tb, — K F 0. 51, ATIA K A 78 &
(B 77 AE HL LR P o W ] SPSS24. 043 B + 38 3% 40 A 1
Z I 2 AL

2) P FRe /N AN H o Ay i 16 2 8 5 e S A o

B SR o AR X SR o R0 S B
AT i e /s Z 3 (81 43 By, i ik B S e 4R R

Z P (Variable importance projection, VIP) , % #& X}
RS AR EE R R IR R
HEAMEVIPEHERER A ENEZE. Y
VIP<<0. 6 i, 5d B [ 728 f %0 852 8 i) 5TRRAR /), 7T L
TR 2 VIP=1. 0, Ji B A 22 & X AR B A AH [F]
i BEVE T . 24 VIP=>1. O, B0k %5 H A2 f X A5 Y
B M AR R o AR O e /I —3fe s e B A B R R
O3 R R SR L BT SR A R A I R
B SIMCA 14, 1 #E47 i e/ — 3R IR 2047

2 BRESW

2.1 AEAFRERBRELTERS

K JH SPSS 24.0 XA [A] 77 X ¢ & 17 59 2R 45 30
dn AR bR R AT 25 SR AT LB R LR 2, R R
BB 256. 62 g, PG E b R R i A
T BT R IR (P<<0.05) . HIE 48 50T 2 K
0.88, INAR & " R B 48 802 0 & T 1L e A
BEpE (P<<0.05) . & tTm A1 Ry 87. 270, I AR
CE bR T AL E T BT L P (P<<
0.05), HSCMEEE YN 9. 56 kg/cm®, BV & +°
S G A S R B 2K T L P R L AR (P<<0. 05) .
AT ETE Y & o BE R 12.64% , 1L AR &
SR AR Y & B TP (P<<0.05)
A RE R M 0. 16 %0, 1V ¢ & SR Al
Vi Pk R W B i 0 3 T BRPE AT R (P<<0. 05) [
B2 L fH R 84. 07, I AR & 1" SR [ R 1L i 35 =
TR P AL PE (P<<0. 05) ¢
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Table 2 Quality of ‘Fuji” apples in different production areas
LR i/ SIXiE: RSO/ w (Al M w (AT E R D /) [ 2 L
g PRI SRR e REEIE/ wCTRER wCTIERD Y R
Mean fruit Fruit shape (kg/cm®) e/ % Titratable Soluble solids to
Items . . Red color area . . . . . .
weight index Firmness  Soluble solids acidity titratable acidity ratio

!Jh/ij:\d 257.34425.94b 0.92+0.06a 92.25+5.29a9.82+0.40a13.31+0.53a  0.14+0.02b 102.51+12. 21a
Shandong
f;ﬁ . 242.77+33.57b 0.8540.02b 87.69£5.29b9.04+0.25b12.454+0.39b  0.16+£0.03b 66.65+12.41b
Shaanxi
|
[Slljﬁ . 275.32423.13a 0.8740.15b 85.45+5.94b9. 71+0.77a12.644+0.33ab  0.19+0.05a 71.86+21.90b

anxi
THE 256. 62 0.88 87.27 9.56 12. 64 0.16 84.07
Mean
AR e
Ill??ng 193.38~317.38 0.55~1.05 73.25~97.258.18~10.73 11.48~14.04  0.11~0.24 51.88~123.09
_uffi
B = 124.00 0.50 24.00 2.55 2.56 0.13 71.22
Range
b 2
Standard 29.82 10.97 4.10 0.07 6.15 5.09 0.52
deviation

T (A, R [ 7 B AR R AR [ 7 DS 2R it B 39 4 8 3% 02 5+ (P<<0. 05), & 3Tl

Note: In the same column, different letters represent significant differences (P<C0.05) in the mean values of apple quality in different

AR CE SR X R SR AR O LR 3, N [
FEIX R ESR A I AE A B 2 . B IR ] 4
o S 357 A A LR 3R 97. 23 me/kg, I AR B B
TR TG AL P A SR RS & (P<<0.05) ., X

production areas, Table 3 is the same as.

®3 FR'ELERFRLERS

T Pe A e 4 0wk BT 5 4 Bk 51. 88 mg/kg, 5 H:
b= DA L L 2R SR el A At e e L
FIBEPE (P<C0.05) o 327 DX 2 el = 48 - 359 338 sk 0 ot
BN 343. 20 mg/kg, Ho 1l PG - 3 v AR B

Table 3 Soil nutrients and pH in different ‘Fuji’ apple production areas

Jii 4348/ (mg/kg)  Moss fraction

i H
ltems i 2 G A 7305 i pH
Alkaliine N Available P Available K Available Ca Available Fe
iR 158.28+66.44a 69.86+75.00a 260.18+155.32b 354.50+24. 55b 118.01+30.40a 5.3340.54b
Shandong
E;;E;n . 60.4925. 05b 31.44+14.62b  346.674234.62ab  386.29+22.00a 12.97430.54b 8.20=+0. 74a
xi
1Y) _
Shanxi 72.92+43.40b  34.51+44.78b 413.86+243. 15a 343.214134.88b 12.6443.98b  8.35+0. 34a
xi
14
sl 97.23 51.88 343. 20 380. 54 37.26 7.27
Mean
gl
Luffing 27.00~337.00 3.80~259. 00 102. 00~854. 00 331.00~420. 00 6.03~168.00  4.86~10.06
_uffi
W 2%

Range

310. 00 255.20 752.00 89.00

161.97 4.86
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HREETINARMP<0.05) ., F77 K5 4+ 5 FY
A SO iR 4R B0k 380. 54 mg/kg, 6T AL PY L3
i Ll AR SR A A U R (P<<0.05) . ETFIX
SR V- XA ROk T I 4 8037 26 mg/kg, LI AR B
2 E T I P A PE (P<<0.05), F 77 X 4L hE 14 pH
SERE S 7. 27, I PSRN AR SR - e pH T8,
FETIAP<0.05),
2.2 TEFSMBELIRRBXMEST

7= X A 4 R A R0 SR S B 2 ) ) A G

PEOLEE 4. A HEm AR 25 5 3 10 i BUNIE AR L 52
BFEAMK, 5l Y & R e E M
5K, 5 AT E R R B ON S . AR RS
R ME R R FIEM L, ARKEES
A5 BRI [ 2 LE 5 3 IR OG5 3 G i AR AR
BEIEAR G, 5 AT DR Y A B R T
Ko pH 5 (@ m R W3 O O, 5 an i 1k DB
Yy T8 R L S AR OC , pH 5 AT E R A e
e 52 TE AR G .

x4 RELEFHSSRIBRETOBEXRY

Table 4 Correlation coefficient between soil nutrients and fruit quality indexes in orchard

S AR AR ik fi A Rk

gyl

A EERS & S

H
Fruit quality indexes Alkaliine N Available P Rapidly K Available Ca Available Fe P
Eﬁ%ﬁ% . 0.017 —0.025 0.003 0.151 —0.053 0.159
Mean fruit weight
L ek
;ﬁﬁ./*aﬁ . 0.212 0.001 0.018 —0.123 0.346 —0.163
Fruit shape index
3|
AR 0. 298" 0.153 0.131 —0.029 0.416" —0.358
Red color area
5 T i
%J\ R 0.212 0.325 0.271 —0.268 0.280 —0.244
Firmness
n] s 1 [E I
i I_HT/% 0.400™ 0.219 0.092 —0. 240 —0.535" —0.434"
Soluble solids
A % 2 iR
T.{HZEE& o —0. 311" —0.249 0.189 —0.069 —0.372 0.450™
Titratable acidity
¢ iR 1
Soluble solids to 0.361 0.295 —0.163 —0.089 0.477 —0.501"

titratable acidity ratio

T AR 7R 0. 05 F110. 01 K- .3, £ 5[l .

Note:* and ** denote significant at 0. 05 and 0. 01 levels, Table 5 is the same as.

2.3 ZEHLMSHE

Z 2 12 W 1A 43 A A AR A ST A A
T IR R Bl AN [ A TR 3 N 1 2 Tl 8 AR SOG AE AL
5o WA S A R AR R MO,
pH 4 2 2 BRI OC  A Ro 5 pH AR 3 TG
AR S AR Z A R R E G, 5 pH 2
FOAEA S A RS pH B AR 3 TG

TRy IS W 25 R WL AR 6, 1 E SR O 1Y
AR B KON 65. 370, 4b T AR G, R HEFR 4
AR P AL R R R R 5. 587 flt ate w] 1, 2R el = 3 AN ]
I oy IR 2 B

2.4 FMRX@ERLESRSEFHIE

AR 8 % 52 1 2L (Variable importance projection,
VIP) AR A 72 4 0 7 28 5t /9 J 2 AR %, DA VIP>
1.0y i 3 s v, DA TT 2R A5 52 e SR 52 B i) 3 2 4
IR T AR R T SR BT 1 SR
G343 50 Dy < R T i, pH R 2808 R ) 2 B2 1
REN/ND 3 R 48 e, A SOk pH s & (T AL, A 3L
B pH B8R 25 SR SERE R AT RO G AL R pH
AR W B AT 0 pH B 25 T E TR
o pH AT S0k ARG R L, pHL AT SRR
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Table 5 Correlation coefficients between different nutrient factors in orchard soils
R E s A A A A NG A S A Rk H
Soil nutrient factors Alkaliine N Available P Rapidly K Available Ca Available Fe P
O fi2 A Alkaliine N 1
B Available P 0. 353 1
HRA Rapidly K 0.107 —0.037 1
A Available Ca —0.057 —0.026 —0.199 1
A Available Fe 0.608™ 0.163 —0.073 —0.383"
pH —0.711" —0.536" 0.099 0.297 —0.722" 1
x6 tTEFHILKEISH
Table 6  Soil nutrient covariance diagnostics
J7 2% le A9l Variance proportion
7okt FRAEAH F AT H
Number  Eigenvalie  Index MR REBE MKW R A .
Alkaliine N Available P Rapidly K Available Ca Available Fe
1 5. 587 1. 000 0.002 8 0.004 4 0.004 4 0.000 1 0.003 6 0.000 3
2 0.662 2.904 0.144 4 0.069 0 0.0220 0.000 2 0.126 4 0.002 4
3 0.461 3.482 0.002 4 0.5057 0.001 4 0.0000 0.1135 0.000 1
4 0.171 5.722 0.0420 0.001 2 0.6450 0.001 3 0.019 6 0.0057
5 0.113 7.044 0.6129 0.102 3 0.1690 0.000 1 0.3208 0.000 2
6 0.005 32.294 0.2778 0.3015 0.049 4 0.113 6 0.1852 0.984 8
7 0.001 65. 370 0.047 6 0.014 3 0.108 6 0.8800 0.2300 0. 006 6
RT W' ELERRXBRNIERSTERIEEZME(VIP)
Table 7 Projected importance of soil nutrient variables affecting fruit quality in ‘Fuji” apples (VIP)
i G4 A i A A T AR A BBk
Quality indexes Alkaliine N Available P Rapidly K Available Ca  Available Fe
R B
. . 0.18 0.27 0.03 1.62 0.57 1.71
Mean fruit weight
IV 15 B
. . 0.94 0.91 0.26 0.75 1.59 1.06
Fruit shape index
E RN
1.12 0.65 0. 80 0.74 1.37 1.13
Red color area
R 9L
) 0. 88 1.12 1.12 0.90 0.95 1.01
Firmness
] TR )
. 1.13 0.62 0.26 0.68 1.52 1.23
Soluble solids
] i A 1R
. o 1.04 0.83 0.63 0.23 1.24 1.50
Titratable acidity
[ R Lt
1.03 0.85 0.46 0.26 1.37 1.44

Soluble solids to titratable acidity ratio
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03 N S SR i TR W 1) 18] 05 75 AR 42 08 ) A S K
- F R R 5 AT B AR e o rh R T A
Fr 53 A 81 ZR BT A, B o - A AR SR A
A pH S IEAHSE s SRIE 48 B A Rk i 70 X0 pH &2

TR O 5 26 €8 10 B el A R0 0 ORI 20 Bk i i o
R IEANSE 5 - pH A TR O 5 SRR 554 2l
Jot AR 0 SO RO e A A 2 TR 22 IE A5G, 5 pH &
TURIG ;s Al P [T ) 5 et 55 Al 280 ek 20 RO I AN
K, 5 A SR TR 3 ORI pH S O 5 5 T AE TR
B o Tl e SR 2 B pHL R IR G, 5 A AR T R
O3B0 R G 5 [ TR LE 5 6 A 2805 A2t 20 ORI pHL & IE
I, 5 EIA R TR R IEA G

®8 ITEFSEFN ELERRIBRZMWAMIFSTE

Table 8 Regression equation for the effect of soil nutrient factors on fruit quality of ‘Fuji’ apple

mi JBT 48 A AN HYEp¥ F P
Quality indexes Impact factor Regression equation
() , .
Iﬁfﬁi vyv]eight oy R R S 2, pH y,=184. 248+0. 1432, + 2. 467x, 2.344  0.044
518 8 (y) , "
ifﬁéhieﬁdex o R T A B 2, pH y,—0. 788-+0. 00015+ 0. 0008z, 3.375 0.043
01 () 2y, B S R BT B B s, A AR
206 Ty, 1 IR R B =88.3784-0. 0032, 40. 0482, —0. 431z, 3.077 0.038
Red color area B 4y B 2, pH
S Bl 2 (v, 2o AT B B 3 B e, AL
%% i JiE Cy, ”*i o y,=9. 46640. 0022,+0. 0012,— 0. 0451, 3.444  0.025
Firmness BT £ o B s, pH
GIRZR S () x ,Mﬁ’%ffﬁﬁﬂﬁﬁ,ﬂ”ﬁfﬁ
S{ﬁﬁﬁlﬁw ¥ 1 “E *”*E * y;=12.467-+0.001x,—0. 0052;—0. 0142, 5.891 0.002
oluble solid content B 5T B, pH
AT () oy B e AR A B s,
,I‘I.{%E& e I 15=0. 086--0. 001z,—0. 001rs+0. 010z, 3.608 0.019
itratable acid content B B o, pH
[ 2 1L Cy,)

oy, BB 0T O s, K
B o ik o s o, pH

Soluble solids to titratable
acidity ratio

y;=112.364—0.0122,+0. 1122;—4. 305x;  5.426 0.003

3 iHiRESER

CHE b SRR A U2 B 2 A RN T S AR AT
FEARB, e R T A o B ] R
Py R R PR L 5t 3 AR A OG5l E TR Y R
BEMMIC. —Jr iSRS E WSRO, 5
— J5 W, iAW e RS oK B Y
Y SR AT R, it A e e
1, SR ATIE PR EE Y AT PR AN A R C 5 i
PYRRAR, nT i E R T o A O R S
JEE RN [A] 1 U 22 W 25 IE AT OG . R RE A 2 COL Y 34 JEUAN
72, A F T iR AL S W0 R, A ALRE 8 4
BN A R R A R S A X TR
bel 3R AR U R AR B SRR
FAEMSC, & @l R A v FE Y R R

R A, S AR Y AR — 3, BRIt
ZAN AW Bon , pH 5 & @ AL o] R Y
FIE R b5 3 MO, STl e R & i 0 Ik
%,

SRR AR KT G R - HE pHL, AT 5T xR ]
F X A pH R 45 SR R A X R
bel + 4 pH B & I T 1l 78 A Bk P X, X 5 5k
SV IRV VA b R R 4 AR — B,
5 Al 3 7 XA 8 SR S U A R X L B R
AR OR35S # X R B+ 38 pH B AR 14
A, R AL BT LW B b R X pH ¥ A
8. 00 Z& 47120 | 5 20 {22 80 4F AL iy £ 12 i ¥ 2%
Xt E 0 £ X R Ak ) H g5 ™, - HERR AL
A AE A S b K it IR B A B Y
ghEART
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ABFEFEXS TR N T SRR A R

AHRAE AT 7%, 5 b SR B 24 R TR
o P B S [ 4 T4 28, e g B Al b B fE b o3 Ay
T A HETR I3 1 X A [ 2R S i TR IR 4 DR/
IS TR SR B SR A R R [l
it T AR ST O AR A BT OF 5 DX ORI R A A
A 1T A 7 R, A SO A S e T ] S 56 E
PE— B W5
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