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Effects of soil nutrition on fruit quality of Golden Delicious strain
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Abstract: [Objective] Soil not only affects the root growth and photosynthesis of fruit trees, but also
affects fruit quality, especially the organic matter and mineral nutrients in the soil. However, there are
few reports on the effect of the soil nutritions on the quality of Ningxia Golden Delicious apple. In this
paper, the effects of soil conditions in different producing areas of Ningxia on the quality of Golden De-
licious strain apple varieties were explored to provide theoretical support for improving the quality of
Golden Delicious strain apple varieties in Ningxia. [Methods] The eleven Golden Delicious strain ap-
ple varieties samples, harvested from nine orchards in Wuzhong city and Zhongwei city of Ningxia,
were employed as the experiment material to analyze the fruit quality, including vitamin C content, solu-

ble solids and acid content, solid acid ratio and hardness, fruit surface color difference and single fruit
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weight, fruit shape index and fruit texture, such as fruit springiness and cohesiveness, adhesiveness and
breaking force, gumminess and chewiness. The fruit quality among different samples and varieties in
the same orchards or different orchards was also comprehensively evaluated. At the same time, soil sam-
ples collected from the nine orchards by the soil ‘S’ type random multi-point sampling method were an-
alyzed to compare the soil nutrition content difference among the different samples, such as organic
matter and pH, nitrogen and phosphorus, calcium and potassium and so on. The relationship between
the fruit quality and soil nutrition were comprehensively evaluated by principal component analysis and
subordinate function. [Results] The results of soil analysis showed that the soil pH values of the sam-
pling orchards were 7.81 to 8.61, and the soil was weakly alkaline. The contents of organic matter, total
nitrogen, hydrolyzable nitrogen, available phosphorus, exchangeable calcium, available iron and avail-
able zinc in Wuzhong forest farm were the highest. The solid acid ratio of Zhongwei Shapotou Golden
Delicious and Hongsipu Rustless Gold Spur was higher; the single fruit weight of Ningxia Wangqi Rust-
less Gold Spur, Qukou Farm Golden Delicious, Shapotou Fruit Golden Delicious was the highest; The
fruit shape index of Ningxia Wanqi Rustless Golden Spur, Wuzhong Forest Farm Golden Delicious, Wu-
zhong Forest Farm Rustless Golden Delicious was larger; the fruit peel color of Futeng fruit industry
Rustless Golden Delicious, Ningxia Wanqi Rustless Golden Spur was more bright. Through principal
component analysis between different samples, four principal components were extracted from 15 quali-
ty indicators. Among them, the vitamin C content, soluble solids, acid content, hardness, and breaking
force had higher loads on component 1, indicating that component 1 could represent these indicators.
From the variance percentage contribution rate, it could be concluded that the contribution rate of com-
ponent 1 was the highest, indicating that the vitamin C content, soluble solids, acid content, hardness,
and breaking force could better represent fruit quality. Through the TOPISIS comprehensive analysis
method in the membership function analysis method, it could be concluded that Wanqi Fruit Industry
Rustless Golden Spur, Qukou Farm Golden Delicious, Shapotou Fruit Industry Golden Delicious,
Futeng Fruit Industry Rustless Golden Delicious M9/Malus robusta scored higher, among them Wanqi
Fruit Industry Rustless Golden Spur scored the highest, indicating that the fruit quality of Wanqi in
Ningxia was the highest. The correlation analysis between the soil factors and fruit quality showed that
the indexes of pH, organic matter, hydrolyzable nitrogen, total nitrogen, available phosphorus, available
potassium and exchangeable calcium in 20-40 cm soil were positively correlated with the appearance
quality, internal quality and texture quality of some fruits, and the correlations between the soil organic
matter, hydrolyzable nitrogen, available phosphorus, available potassium and exchangeable calcium and
vitamin C content, single fruit weight, vertical and horizontal meridians and texture indexes in fruit
quality were significant (»p<<0.05), indicating that 20-40 cm soil nutrient elements had the greatest influ-
ence on the fruit quality of Golden Delicious. It also showed that 20-40 cm soil was the main part of
the soil nutritions absorbed by the roots of the fruit tree, and the soil conditions of Wanqi fruit indus-
try were more conducive to the growth and development of Golden Delicious apple. [Conclusion]
The principal component analysis showed that the fruit quality of Wanqi in Ningxia was relatively
high. Nanshantaizi was the high-quality producing area of Golden Delicious apple. The nutrient ele-
ments in 20-40 cm soil had the greatest influence on the fruit quality of Golden Delicious apple. The
soil at this depth was the main part of the root system of Golden Delicious apple to absorb soil nutri-
ents. The comparative analysis of soil conditions for the growth of Golden Delicious apples in Ningxia
showed that the appearance, taste and nutrient accumulation of Golden Delicious apples were the most

effective under the conditions of alkaline pH, organic matter content of 1-6 g- kg, total nitrogen con-
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tent of 0.15-0.30 mg - kg'', hydrolyzable nitrogen content of 9.2-32.8 mg - kg'', available phosphorus

content below 10 mg-kg" and available potassium content of 40-170 mg- kg™

Key words: Golden Delicious Strain apple; Fruit quality; Soil nutrition; Correlation analysis
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Table 1 Basic information of sampled orchards
A A SR 44 B fiiR e Hi AT A E R
Cultivar Orchard name/(code) Root stock Years/a  Location Geographical location  Altitude/m
e RS 4 M26CH D 3 CIRE 37°52'02" N, 1281
Golden delicious Shapotou Fruit Industry ~ M26 (Self-rooted stock) Zhongwei 105°19'44" E
(SPT)
ALY N 32 10 g 37°42'41" N, 1190
Qukou Farm (QK) Malus robusta Zhongning 105°56'37" E
FIEMI B/ \ e 3 (i) 10 Ei 37°53'48" N, 1084
Wuzhong Forest Ralls JANET/Malus robusta Wuzhong 106°1726" E
Farm (WZLC) (Top grafted)
BLb /N T AL )\ i 10 ES) 37°32'59" N, 1260
Tongda Company(TD)  Malus sieversii/Malus robusta Wuzhong 106°15'58" E
TS G A< A J\ W% 5 FUBTLSFEX  37°2530"N, 1399
Rust-free Gold Spur  Pengsheng Agriculture ~ Malus rubusta Hongsibao District, 106°0327" E
and Animal Husbandry Wuzhong City
(FT)
JiF ARl J\BFSE 7 L AE! 37°23'44" N, 1245
Wangqi Agriculture Malus robusta Zhongwei 105°21'02"E
(WQ)
T e A M9-T337/)\ bt 3 8 e 37°25'30" N, 1129
Rust-free Golden Futeng Fruit (FT) M9-T337/Malus robusta ‘Wuzhong 106°0327" E
delicious s R Mo//\ b 8 2 37°46'18" N, 1129
Futeng Fruit (FT) MO9/Malus robusta Wuzhong 106°19'08" E
ERY 787 ey )\ bt 3 Cenied 8 ES) 37°53'48" N, 1084
Wuzhong Forest Ralls JANET/Malus robusta Wuzhong 106°17"26" E
Farm (WZLC) (Top grafted)
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Table 3 Comparison of the flavor quality of different Golden delicious strains

i i ﬂj wCATEERE ) wORR ) ?fll):li solids/ zl(tiﬁii%é S(?ntent/
Code Cultivar Soluble solids content/% Total acid content/% total acid (mg-100 g")
SPT 45tk Golden delicious 14.06+1.00 b 0.39+0.15 ¢ 36.10+1.75 a 0.96+0.42 b
PS Jo#5 %% Rust-free Gold Spur 15.93+0.77 b 0.49+0.38 be 33.43+1.11ab  2.78+0.71a
FT JC#5 476 Rust-free Golden delicious 10.8240.11 ¢ 0.56+0.02 ab 19.73£1.53 ¢ 2.90+0.80 a
FT Jo¥5 4276 Rust-free Golden delicious 15.54£1.95b 0.54+0.01 bc 29.34+4.13 b 2.48+0.74 a
QK 45tk Golden delicious 11.3940.78 ¢ 0.52+0.08 be 22.50+2.50 ¢ 1.09+0.18 b
wQ TJo4h 4 7% L Rust-free Gold Spur 18.22+0.53 a 0.56+0.04 b 33.14+3.03 ab 2.48+0.74 a
WZLC Jo#%5 456 Rust-free Golden delicious 10.63+2.40 ¢ 0.67+0.19 a 13.82+2.15d 1.26+0.10 b
WZLC 478 Golden delicious 10.54+0.28 ¢ 0.47+0.04 be 22.89+1.15¢ 1.95+0.14 ab
TD 4x78 Golden delicious 11.5140.20 ¢ 0.56+0.06 b 21.4242.14 ¢ 2.37+0.26 a
FAi F value 21.24 3.89 21.36 5.95

plE p value 0.00 0.01 0.00 0.00

CVI% 0.23 0.20 0.29 0.42

VLT T AL TCAF B A SRS KU IAAL o

ANTR] SR 5] FR) ] — i [ R Bt R B K 22
Sto AR 3 AR, §LE R YOI RV i) 5 el [
W LG S 2 e IR A R B A A Rk (p<
0.05) , (HL&5 45 W] ¥ PE [ B WU AUE R & f vl i, Vb
S Rl A= 7 14 4 e ARSI EL R T R IR AS AL

[ — 5 el B AN [R] it ol [ 1 L 3R B K 22
5to HIR 3 WAL WM AL I e 2 A bRl
AT, [E IR L2 57 B2 (p<0.05). & BRI
<7 MO/ )\ e e S T sy, SRS VIR Rl 5 45 5 T I
P ] TR MU TR 5, AT R e SR TE B 8 7k MO-
T337/)\ ke ifg S T IV )5 B B AR T 5 2R

W e 4 MO/ )\ BRI 5, TR R & 2 R A B3,
Ui BB s SR Y TC 45 4 et MO/ )\ T o B Sz it LRk
Ao TSR AR TEAF 4 e A1 5 RE bR 37 4 el [ R L 72
S E (p<0.05) , 52 BRI & 7t [ R LU B8 =, 15
TS & el B 45 A T R R R
B, AR BRI TO AR et AR B B B ey, SR
B,

RS 2R C & 2R M 5 I S8 % il oA XU
AR R E R AR, B 3 AN, ASFLR I ) 4 A
SERGEAERCH R 0.96~2.90 mg- g, Hi & i
T R S L T 5 4 T8 /MO-T337 , el A2 7D 3
Sk Rl 4 7t 5 WS B AR B B R S RO ) SR s
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HHhERCHER . 4G EHEEEY . SRS &
T 2 B 1) v A S T 13 55 A0 TR A 4 AR XU
JIRE TR PR . AN A SR Bl F () — i b, AR 3R

SEURIBERER. e kE, BERIL
(P44t 23 C & & W3 m TR LR b 3L R
M (p<<0.05) , 456 4 T AR 37 3% R AR 37 FidE 1 Bl
1) 4 e [ PR b 22 S AN 2. 35 (p=>0.05) , ] 1id ik Bl
%) < 7k 3P SR XU i O AV 5% ot AR 2o () — SR [
A AR CHRERARE, & BT
B4 2 A S b 22 AN 3 (p>0.05), 1] LA HE ]
— R KRR — & T, AR CEERN
AR RIEM &R ST R AW L e,

HZERAEZE (p>0.05), B 7 — R =@ K Ie &4 —
MMM T A RCEHERETUATE.
23 TEEEAFERRMARALLE

WE WGP Sy A A0 2 1 LIS B P B i FE T e =, 2
RS N RS BRI L S Febr . MELDER I o, DU SR 5
PR L SRR B .t 4 AT, P SR R
(1 it ot 53 ) 2 e T SR T 45 4 et AR 1R 3 43 5
MIEIEMRE, BRI LS EE R TRAORSG S
gk, FLREBE R T-IR MR 456, 6B & s SOl e85 4
ek FHERMURE , SR PR AT 5 8 I SR b o 4 el L /)
FIROARI &, Ui IR ORI & e g A9 7,
RAEE LT

*4 FRIEEHRERFMARILLE

Table 4 Comparison of the texture of different Golden delicious strains

R o il i B R bR 7 FPE Jlingsip MH Mg 1

R o Hardness/ Cohesive Adhesiveness/ Fracture/ Springiness/ Gumminess/ Chewingness/
Cultivar -

Code N rition mJ N mm mJ mJ

SPT A 2.36+0.24cd  0.13+0.02¢  0.09£0.03d  2.29+0.24de 0.13£0.18 de  0.32+0.06 ¢ 0.42+0.07 de
Golden delicious

PS Tt L 3.42+018a  0.13£0.01c  0.97+0.41b  3.19+0.17b  2.32+0.58c  0.46£0.03 bc  1.13+0.44 bed
Rust-free Gold Spur

FT T e 2.86£0.02b  0.12+0.02¢  0.60£0.07 bc  2.83+0.12bc  2.40£0.62¢  0.36x0.06 bc  1.04+0.41 cde
Rust-free Golden delicious

FT T e 3.74+0.48a  0.15£0.02bc 1.46+£037a  3.62£0.40a  3.77+0.56ab 0.57£0.06 bc 2.60+0.67 a
Rust-free Golden delicious

QK Gt 2.36+£0.22cd 0.18+0.01a 0.71£0.21 bc 2.25+0.23 de 4.10+0.78 a 2.70+£2.00 a 1.87+0.28 ab
Golden delicious

wQ T & 2.6240.04bc  0.08+0.02d  0.14£0.03d  2.53£0.02cd 0.44+0.29¢  0.23£0.06c  0.30£0.32 ¢
Rust-free Gold Spur

WZLC T4 2.90+0.18 b 0.14+0.01 bc  0.44+0.04 cd 2.74+0.14c¢  2.82+0.59 bc  2.06+1.58 ab  1.49+0.48 be
Rust-free Golden delicious

WZLC 47 Golden delicious 2.12+0.14d 0.17£0.02 ab  0.66+0.19 bc  2.04+0.13e¢  2.61+0.27 ¢ 0.36+0.05 bc  1.03+0.26 cde

TD 4256 Golden delicious 2.394+0.11cd  0.14+0.01 bc  1.04+0.25ab  2.28+0.10de 1.95£0.22cd 0.33+0.03 ¢  0.68+0.12 de

F1H F value 17.96 0.877 11.35 17.79 16.23 3.40 10.95

p 18 p value 0 9.38 0 0 0 0.02 0

Cvl% 0.19 2.06 0.68 0.20 0.49 1.37 0.65

ANEV R [F] — SR E g R R E ERAKR.

Fo HRATH, ML SHKE, BRI LSS
ok MEL g 1478 K T SR R MR 37 5 ek (p<<0.05) , IX it
A5 W Sl TG 5 et S PR T M TR 47, MEL g 1 BB 4

[ — SR Pl AN [ it M L IR R I R e
FanTsn, BRI S 2 Nl E R B E (p<
0.05) , il A A& MO/ )\ Az ¥ 55 () ity ot PEL WG4 3z oK T Tl
A M9-T337/)\ bz g S B di Ffr, \) LAAS HS TG4 4t
MO/ )\ AR I S PEL W P i, TR 4T . SR BRI 455
&M R BN = R AR E (p>0.05), KBk
YT & e e, U BH ) — K AE 26 4R, SRS npL g

20 PR S R SR TR R 45 5 T Y R0 5 LIS 17 1y
IR P, REBE/N . B4 RN, AN E 45 RE R %2
FEUR, R PE 73 A0 75 0.09~1.46 2 [8], It K1) 72 &
it FRO TE 5 e MO/ )\ B 52 5 foe /D RS2 YD 3Bk R
Ao B 1 s SR T B e MO/ )\ K5 L R
BIRIEGTE AN HABRE SR EEIAE 1 AR, B BTX
2HE RSB SRR RE A, KA 22 . S B

SR B UELR A W] R R L SR A IA 4,
SR TE 5 < e MO/ )\ g i 552 Jo L ik J5 B v » MEL VG 11
SR LT , ELIC e e SE A
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40 %

AN T) 5 (] P ] — 5t b 80 PR R R B K 2=
Ro HRATH, A RE , REMIGEEET R
RIEIA G e AR LR 3 et , 45 A PV MR IR 1 k3
et 5 HoAh S b 22 5 R 25 (p<<0.05) , AT AR 14k 37
5 768 ML W 11 R i 5 R 1 B S B L

] — SR AN [ PR R B PR I K ZE 57 |
F AT, & R TS 4 M9-T337/ )\ g 5 56
B S AR T T SR B 45 4 M9/ )\ AR g 3 (p<
0.05) , Ui I fili A & M9-T337/ )\ A% e 5 1) it b I ik
PETEUf . S5 G HE RS, & I L To 8% 46 8 /M9/
J\ME g 5 KT8 s SR o 45 4 e M9-T337/ )\ 1% if
S, AR SR TG B 4 /M7 )\ R i S TR
4 EUBT R B S R M AR TS . RIS T &
T2 B PR T SR AR e, 22 7 3 (p<<0.05),

AR TR — 2R [l 2 2 i R R T e i g U T
H—H.
24 AEEEFRERIN @A

BRSO TR AR SE RN A
RLHPAPER N B R bR . RS Wk, AR UE
BRI it A 7 39052 T3 55 AL B85 R 2R VIR R
G AV R i . R ERE, AR
WEEERERT RO E@E, ZRANEE (p>
0.05) , X Ut W] 3 FF ARV o 85 < R A B R R BLK
HER ORI 2 5 AR, 3 BRI
K AFFANMTFE SR ER TIN5, 257
A (p>0.05), Bt 55 AR ML JEH5 < Wk A 2R St
O

RICARHOR SR T bR 22— RIBHRH0BOK,

x5 AREBHRERINLGRT

Table 5 Analysis of the appearance quality of different 'Golden delicious' strains

RERES R Pz Bt R4
Code Cultivar Single fruit mass/g Longitudinal diameter/mm  Transverse/mm Fruit shape index
SPT 456 Golden delicious 249.90+10.56 abc 72.02+0.64 b 83.84+0.50 b 0.85+0.01 ¢
PS ToHE &% E Rust-free Gold Spur 230.56+34.75 be 71.46+1.92 b 78.13+0.48 d 0.91%0.02 ab
FT JC#%5 476 Rust-free Golden delicious 156.90+4.43 ¢ 63.25+0.14 ¢ 72.84+0.83 f 0.87+0.01 ¢
FT Jo#% 42 Rust-free Golden delicious  238.85+5.25 abce 72.38+1.09 b 82.29+0.40 ¢ 0.88+0.02 be
QK 47t Golden delicious 266.97+2.43 ab 77.83+1.60 a 85.21+0.20 a 0.91+0.20 ab
WQ Toif 45 E Rust-free Gold Spur 278.53+7.76 a 79.72+0.37 a 86.37+0.84 a 0.92+0.01 a
WZLC Jo#5 4256 Rust-free Golden delicious  230.50+34.76 be 71.46+1.92 b 78.13+0.48 d 0.91+0.02 ab
WZLC 47t Golden delicious 212.23+3.94 cd 72.77+1.24 b 78.70+0.05 d 0.92+0.02 a
TD 476 Golden delicious 174.27+2.88 de 65.05+0.53 ¢ 74.19+0.56 ¢ 0.88+0.27 be
F1{H F value 15.82 36.65 15.21 4.80

p {8 p value 0.00 0.00 0.00 0.00

CVI% 0.21 0.07 0.06 0.03

FRELTEA S, A E R . R S AT, BB
FaBUBK B oy 2 AR TR &% R R AR
M7 RGBS S AR RS . N
RILIRECRE , iR &% E KT R
& (p>0.05), HHPRZ FEH KT REKS &
o, 255 B3 (p<0.05) , IX Ui B JT 75 AR L T 4 0%
AR AR, S AW 5 B e, SR TR I b s R
I T S R BRI 8 e 2 AN i R SR R 4R £
BIR TR ORI 456, B H R TR PR35 /N T IR
PR 3 4k, 1t B SR AR SR S S R A (HER TR
W BT K.

ANFE R R FE— SRR E R B E (<
0.05). HFES A5, shEEkKE , &I E e w2
KT I8 F b4 7t S b 3 S Bk 4 7 (p<<0.05) , Ut

B 52 ORI 6 e R B b, AP LR AR 3E, HE 4L
1 ARSI T IR T &5, AN XTI

] — S B AS [ S R SR R FR R E A K. RS
AA, B B LTS S 2 A R, BRI RE R
23 (p>0.05), 5t W & 1 F o5 ek R ST AR EE
B8] R TOES e SR AR S RV 48
BIyeiE, HERARZE (p>0.05), Wi [FE— F 2
YRR T ARE AR 2, v A E
25 AEIEEREREFRRVELER

R R AN — AN EEER, — B H L.
bycfHH M. HA, LERRD NS, BUETE
0~100 2 [H] , 7~ M 2268 B (1t s a (AR YA W 21
GO, IFHRRA A, IERRGE b EHRERD
PRI R 5, IEERER RO, MERREA; cE
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RFFE, R EAERR, YR BB A S .
6 1 A1, LA R . LAEAE 52.25~77.36
Z i), Fod LAEAE 50.00 2] 70.00 Z [8] R FE i A 34,
LAE KT 70.00 (FIRES AT 640 X0 W KB 20 FE A 1)
R, R ENR I, RS E R, H
o, 5 s BV TEAS 4 6 MO-T337/)\ b i 3 1) L {H %
m L HUGR I FRN BSR4 R ORI & L

e AP Y A< S =82 | W Aok
MO-T337/)\ bz ifg:5 5 & i SRl o 85 42 7 /M 9/ )\ i it
HEFRE (p<0.05), X AT RE &R ARANF , 5Lk
RIEAR, SECR L O ERNE K. WAL
SBRESTIF RN &A% T R E (p<0.05),
XATRE A= XA, L3S FRR AN ], S 2L BB
[ER.

*6 TRIEERERREEENLLER

Table 6 Comparison of color difference among Golden delicious' strains apple fruit skin

RERET W Lt aff bt ot

Code Cultivars L Value a Value b Value ¢ Value

SPT 474 Golden delicious 52.25+1.52 f 4.03+3.86 b 36.51x1.48 a 36.07+0.70 a
PS ot 42 %4 Rust-free Gold Spur 66.84+1.03 e ~9.82+0.49 f 32.00£0.75 d 32.80+0.63 ¢
FT JC4%5 456 Rust-free Golden delicious 77.36+0.41 a -3.36+0.56 cd 25.66+0.50 e 25.99+0.45 d
FT Jo4% 4 7e Rust-free Golden delicious 70.58+0.31 cd -9.61+0.58 35.76+0.71 ab 37.09+0.61 a
QK 47t Golden delicious 73.06+3.23 ¢ —-5.26+0.85 de 31.59+44.43 ¢ 32.05+4.48 b
wQ To#% 45 Rust-free Gold Spur 73.62+0.27 b -7.07£0.32 ¢ 35.90+0.32 a 36.69+£0.34 a
WZLC Jo#5 4276 Rust-free Golden delicious 69.05+1.34 ¢ -2.10+0.26 ¢ 20.37+0.69 f 20.57+0.75 ¢
WZLC 476 Golden delicious 70.59+0.32 cd -9.61+£0.5 f 35.74+0.71 ab 37.09+0.61 a
TD 456 Golden delicious 70.13+0.59¢cd 12.49+0.37 a 34.97+0.75 ab 36.66+0.86 a
FAii F value 200.15 193.94 237.28 333.15

p {8 p value 0.00 0.00 0.00 0.00

CVi% 0.09 -0.50 0.17 0.16

a {8 77T, AR IFE fb 2 B XK. R 6 Al
A1 a fH N 5B 7 AN FE b 2R B ORGHB 20 FF b 2R 2 i
sk, BB RS allmm, BRI LS S
i MO/ )\ WG g 5 a (E B . Ho, & R L5 4
j6t M9-T337/)\ b i 5 & s Sl o 8 4 7t M9/ )\ ik
WA EREE (p<0.05), THEZ 2 MR ARARTH ,
RIS H Z R . WERIMTESH SR ES TIFAK
W T e EZE R EE (p<0.05), IX Al fE & 2 M
it K AN )R DX SR (], R 2 AR AS [, AT 5 e R i
AR GEERE N

bAE T TH , EHR 6 T 50, ¥ 3 Sk b 4 7k b {8 3
K, N36.51 b, Wbk BE G & s SR o8
& 56 MO/ )\ B ifg 3 T S A0 To 8 S0 AR R B
&5k TS AR P TE 5 4 0 R IR 1R 37 4 ek 6 A
il S RO B, LA il SR R T A EL A (0 5
Ko BRI S MI-T337/)\ B i 35 [ & s
T T e MY/ )\ Wil 5 25 7 .3 (p<<0.05) , 31X
Al RE AR A SRS RIS R . S B R AR SRR
555 AR T &5 72 7 03 (p<0.05) , 1IX 7] fig
ST XA R H AR S il 2 FE g A 22 S 3 30 o

HH 2 6 7] %01, ¢ A 7 20.57~37.09 Z [i] , Horb o

1E.30.00 LA_E (AR 74N, Wi BH G 43K i SR 0
RO I . R REAE B s R O R M &R
R R B B U, B LS R A s
To 4 MO/ )\ B 5 I i AR B 0 A . B
B B AR P RE it A2 & s Bk JE 85 4 7/ /M9-T337/ )\
WS . W SO 4w M9-T337/ )\ kil 5
R LA MY\ MR E R B E <
0.05) , 3X AT BE J2 fili A AN [) 5 350 51 S 4B AN [, MK
MRS A A A RIS SBRES )
FAN T & A 2= R B (p<<0.05) , IX Al fE /2
XA, FHRAAAEA ], SRR R, MR
WEBEBRES IRV LS &BAEEREEP<
0.05) , J3 A T 85 4 R A= (B R M A B o vy, X T
REE JT A0l AL g 1L & 77 X, SR B AR 4
IR RTEZL,
2.6 ERSOH

X B R RS IR SRR AR B A b
BOIRE LY R OO R VR R R R B
BtV 2 T E P () 3 A e T, BRI T 44
By, e N FL1L,E2,F3, F4, 4 ME RS 5 R «

F1=0.43Z,— 0.50Z, + 0.32Z:~ 0.18Z,~ 0.41Zs
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0.42Z 0.44Z,~ 0.15Zs +0.36Z— 0.13 Z— 0.46Z,, +
0.36 Z;+0.17Z5-0.237,,+0.20 Z;s

F2=0.09Z, +0.46Z,+0.09Z;+ 1.31Z,+2.22Z; +
2.03Z+1.90Z,+ 1.31Zs+2.26Zs— 0.16Z,y+ 1.31Z,, +
2.26Z,:+1.63Z,:+0.69Z,+1.99Z,;

F3=-0.24Z,~ 0.42Z, + 0.01Z:~ 0.40Z.~ 0.05Zs—
0.01Z¢ 0.06Z; + 0.11Zs— 0.07Z, + 0.61Z, + 0.08Z,—
0.08Z,:+0.53 Z,;+0.487,,+0.447,;

F4=0.27Z, + 0.02Z, + 0.61Zs— 0.39Z, + 0.03Zs +
0.27Zs 0.03Z; + 0.72Zs + 0.28Zs— 0.17Z10 + 0.23Z,—
0.28Z,,-0.11Z,+0.08Z,,~0.22Z1s

MFE 7~3 8 T LA H, M 15 A it i b 4
WTaNERDy. Kb, FERCHE.BRY
R BB LR B 1 A e i, U B R
o3 1 AT DAARER X e F b 5 ATV V[ T2 470 2 o o] g
AN PRy R i 1 E AR s e N s
faf 8 v » Ut B Ry 2 0] DAR SR IX LeFE A s P SR A
SR S R A L O A AE a0 3 b P e A e,
B 73 3 0] AR ERIX L Fa 5 s SRR B SRR FR 4L
TERRST 4 (0B er 5 s B W o 4 v] LR R Ik 4
Bro MJTZETTHRZE W] DAL B, Bor 1) 5Tk 26 5
HLWAGEAERCER AR EE R BT
REARAR AL S iR
2.7 TOPSIS2 ZZETEMNES T

M9 AT &0, MR 4% SPSS 42 & W ik R
TOPISIS i, 7 MG 5 55 R0 RS A4 VIR 1

R BREERRE

Table 7 Total variance explanation

AR E A = {53 Principal components
Composition matrix A 1 2 3 4
R CEH&E 076 0.14 037 0.27
Vitamin C content

VAL R -0.87 074 -0.64  0.02
Soluble solids content

SR & Total acid content 0.56 0.15 0.01 0.60
[i5] B2 Ll -032 040 -0.61 038
Soluble solids/Total acid

H4 T Single fruit mass 072 0.68 -0.08  0.03
) 4% Longitudinal diameter -0.73 0.62 -0.01 0.27
4% Transverse 078 058 -0.09 -0.03
FHFGEL Fruit shape index -0.26 040  0.17 0.71
fi#i ¥ Hardness 0.64 0.69 -0.10 0.28
P 2P Cohesiveness 022  -005 092 -0.17
Zibf 14 Adhesiveness 080 040 012 -0.23
%4 77 Fracture 0.64 069 -0.12 -0.28
#PE Springiness 0.29 0.50 0.81  -0.11
Jie i Gumminess -040 021 0.73 0.08
NELIE P Chewiness 036 061 0.67 022

A< DI R < e A SR e < M9/
J\AR S 0 ey 10 HL 3 55 ANk b 3k Sl A Ay
T L Y BCAT FR AR T Db ek X
FE T2 X S8 ERTIR, JEEE it 4 2R, m]
LAAS 27 B T3 55 AR M ) SR S RO B, LB T
e SR AR X
2.8 HRMERSRIMBRZERER S
L B 1 PSRN R 38 IR 5 aoE R R

*=8 AIERE

Table 8 Ingredient matrix

YIUEHFFAEAH Initial eigenvalues

PRI EAT 7 J5 F1 Extract the sum of squares of the loads

mgredients B Js F TR BitETwE Rt 75 # TR Bt Tk
Total Percentage of variance/% Cumulative/% Total Percentage of variance/% Cumulative/%

1 4.63 30.89 30.89 4.63 30.89 30.89

2 3.85 25.68 56.57 3.85 25.68 56.57

3 3.47 23.12 79.69 3.47 23.12 79.69

4 1.45 9.67 89.37 1.45 9.67 89.37

5 0.86 5.70 95.07

6 0.45 2.99 98.06

7 0.21 1.37 99.42

8 0.09 0.58 100.00

9 6.18x10™" 4.12x10™" 100.00

10 1.59%x10™ 1.06x10™" 100.00

11 9.17x10™" 6.11x10"° 100.00

12 6.86x10™" 4.57x10™ 100.00

13 -1.16x10" -7.75x10" 100.00

14 -1.39x10" -9.25x10" 100.00

15 -2.87x10"7 -1.91x10" 100.00
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Table 9 Analysis of TOPSISI evaluation method for fruit quality of different 'Golden delicious' strains

E 3 o IEHARMREE T D SR AR fALEE 25 D- AHXT IR C Hefr 5 4
K= 2;11 tivars Positive solution Negative ideal solution Relative Sort the
Code distance D distance D- proximity C results
SPT 45 Golden delicious 30.55 96.69 0.76 3
PS 4% E Rust-free Gold Spur 49.58 77.12 0.61 5
FT Jo4% 478 Rust-free Golden delicious 124.84 6.52 0.05 9
FT Jo#54: 76 Rust-free Golden delicious 4135 84.63 0.67 4
QK 4256 Golden delicious 19.45 112.13 0.85 2
wQ T4 40 E Rust-free Gold Spur 5.82 125.23 0.96 1
WZLC Jo#54: 76 Rust-free Gold delicious 54.44 74.43 0.58 6
WZLC Jo#5 4 76t Rust-free Gold delicious 68.94 57.21 0.45 7
TD 425 Golden delicious 107.31 19.20 0.15 8
- o omm g 1.00
2 __ - —
- 0.75
3- || B 7 = 0.75 =
w4 .- <:) n g
g s 030 & 0.50 £
s 0 g 3 3
g 6- 0.25 5
i 7 5 i 025 £
2 g = =z =
R S 0003 0.00 2
S S & S
% 10- -------- 0B i 025
= 11- [ HIEEE EEEN w = o
B2 [ | Ml 00y = --0.50 32
= o- HEENEENN . 075 E "= =
14 - B : -_ — IRE
s HNNN—————  AEEEEEEEE.
a boecd e f g h i j Kk abcd e f g hi j k
+ 845 Soil indicators -5 47 Soil indicators
| 1.00
- . = --
| i | 0.75
050
g 025 2
g =5
x£E 0.00 1 ©
e XE
=5 025 = E
S11- E
--050 ©
--0.75
--1.00

a b cd e f g h i j k
L3R xR Soil indicators
PAAKR R TR AR, 1~15 0 RERAEAE R C & VAT EE & & S ERE EER LG PRI R MR AR SRR IR N T R PR
TRy B R R IEL DB < R AR R IR AR, a~k ﬁﬁﬂﬁi’%ﬁﬂﬁ AT IR G AT RO S R A H PR A AT Ak AT R AT O
B B A BRI 0~20 cmy >20~40 cm >40~60 cm 3R FE T J 50 55 L3 TR M S MR , BRI , A1 5 R

The ordinates are quality indicators, and 1-15 respectively represent Vc content, soluble solids, acid content, solid acid ratio, single fruit weight,

vertical diameter, horizontal diameter, fruit shape index, hardness, cohesion, adhesion, breaking force, elasticity, gumminess, and mastication; The ab-
scissa is the soil index, a—k represents organic matter, total nitrogen, hydrolytic nitrogen, available phosphorus, available potassium, exchangeable cal-
cium, available iron, available zinc, available boron, and available molybdenum respectively; From left to right, the correlation between fruit quality
and soil nutrition is 0-20 cm, >20-40 cm and >40-60 cm respectively. The deeper the color is, the greater the correlation coefficient is.

1 XM S HRE

Fig. 1 Correlation analysis heat map
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SEL R Z 8 % B e 0~20 cm 2 pHAE A LR &
VKBRS RS RS g R CL AT iA
TP & R AR S AR AR 2 A G, A G
PEARE 2 (p>0.05) ; >40~60 cm 2 pH. A HLT &
HOKEERS R AR R R TR
TR B A, AR (p>0.05); 15>
20~40 cm - JZ pHAE A HLIT KR IE R 2R A &K
Tl AR A B MR SR B B S AL AW
JBR ~ PRLAE il B J5 R ot S 2 TR A 5%, P 3 WL
TN AR A R S S S R S e
RERRELM AP EERCHE VAR E YT
DL R Hb i b A P 2 2 (p<<0.05) o 3X 158 B >20~
40 cm + JZ 08 IR T RN 4 e R 3 5 G5 5 R
BR, HUERH >20~40 cm + 2 /2 A R Wl 435
B IR EE My BB g K R R A R

2R e £ 5 10 2 i T A AR 4
R
3o i

MPTE S5 R ARG 70 B L3 v 1) pH
BV AN AR E TR TR S E S R
B S E R R C SR VBB R A B
PR 2 D) 5 i S TR AR AR B DDA O . 7E pH S5
THEOL T A UK 3R B A BT DA
B 1 4 ek 2R 3 AR 43 AR i 5, T mT PR [ T )
YerE 3R C & 55 SR T A S ol it o, B | A B
PEBE B 2R R RSB IE . B AR
TSR AR, FESE AT E ) S
HA R AT B A O IA B B KT (p<0.05) .
ik 75 % S CIE ST BA RS A ATLIE RT DA AR T e
SERTEMEEY S . FIE 25NN, A e
(1 e T SR S mT v e i T e LA R A
X Se A 505 AR I BT S A — 2. REECIE A
WA TR i SR (7] 9 A P A o I, S SR R s ]
WY B A T m e BRI . X
5 AR IG T 70 245 FME AT AN [R) , 3X 1T B8 2 Bl A it FH 0ok
B FECRRIRTE 7B ST HIFS , AT B

MANE b Jii SR, A 73R B 3 b pHH
HUTE KRR A B 0 o RO L 22 i 45 45
Febr 5 RS R R E PR SRS b 2R IEASCH
AR 2 (p<<0.05) . BE B At i - 1%
AWML SG , RELPE ARG R T iEm. WEZif

£

SECO it I A A AL R DA R T SR S B
B RO LSRR S R A S
SR S R R R OEA G, XS ATy
AR 0 245 FARTF , 1 WS A 3 n - 3 h o AL
JiE A R A R RT DA TR SR SEAME ST

A S SR A AR SR SRR 2R — B IR RS R AN
[F] o SR Si PN AE i Jo R I LE i T A 22 S IR R L 3X ] g
SRR E AR A MO-T337 HA ik 77 40 68 /758  PUIw
PRI RS MR R BT 1R S R, 5 MO i AR B LA 34 o

ARG A, DL B 5 55 A0 3 S s i R
DR, R BRD I A S U R AR AR A FE 0T
SRS R T A AR . J8d TOPISIS
AR KRE , RABONEGER pHE AP 2%
IKABNE S AT R0 S AT M M 5 4 B TR AR A R
MR SR ARSI R HERC
RIS TR A N TEFR bR LA O AR R
TEAR BB e b BRI BN E T X 525K
SO M A 2 A . 3T TR IR R R A
FIFO0 RS SRR, 6 R IR e R,
TP 7 B 1 X A (A HLAE LA B B A A,
20 4 e R S S AR S S AR R B E TR . 8
Tt e B S A TR 1) L 3 S bR R 0 A T AT e
B, 4 e R 4R &, A RE T AT 2 A SOt iR T 4
o RSB W LAE ], >20~40 om RFE R+
s 77 5 LS TR 2[RI A S P B 2, SR ST R 45
RGN TE NS LS SEBAENELERCHE L
B R AR T L Y TR 8 PR St
JF AR bR BE A HLR R B R R AR AR
PE X U B R A LT A B B TR
TLEA I FESL G T R BRIt

4 4 ik

TGy 53 AT R 2 R 7 B S AR R SR S
JFAHXT L, 7 L B TR e SR LB X s >20~
40 om 38R F7 70 300 42 e R AL AL S S
K, >20~40 om 3385 6 5 S R R IR IR s
TR F ISy s A LB A A KR R R
ROPR A PR A B TR b S B e S R AR A 2
TEAR DG, 38 i £ o L 2w B o R S o s e okt
TR &t R R K &R 4 H, 7 pH
EF I VLR S & 1~6 g-kg' & EH & 0.15~
0.30 mg - kg KRR 5 9.2~32.8 mg - kg ' A 2



%6

PN e b 4= F D0 AT R S ML i A

1169

Po=N
[===N

10 mg - kg' DA BL R #0875 & 40~70 mg - kg

2% A TR NS ek 2RSSR IR SE RSB IAR | 1 A
TR IR RN Lo

Bt P LYk Rk R XM A R AL

FFRNERETEBERBEHELGMEL ROR
RN ST AT FREAHA R 8] R &%
R Rk R AL A TR 8] 3 B R AR G s B

ZE#k References:

(1]

(2]

[3]

(4]

[5]

(6]

(7]

(8]

BEA, A, TEM, BN, N H, RIPT . RE R
MR K TR A [T, BUARE iy, 2021(11):4-6.

GE Yuquan, LI Hongfeng, WANG Chunyan, WEI Xiaoxia, SU
Juan, DONG Shasha. Status and sustainable development propos-
als of apple industry in China[J]. Modern Food,2021(11):4-6.
PINERME . B AR 1l DX 392 R ] 38 57 AR A 5 39 SR A i
JUHISRF D). 2872 : AR AR, 2021,

SUN Chenmei. Soil quality characteristics of apple orchards in Ji-
aodong area and its relationship with apple yield and quality[D].
Taian: Shandong Agricultural University,2021.

TRIGEAR . PEARL X0 A T i 5T A4 B A -5 B 7S [D]. #0445
MIR2,2019.

ZHANG Xiaomin. Study on the influence of fertilizer types on
grape quality components[D]. Yangzhou: Yangzhou University,
2019.

AR IO, R FURE S A LA RIA A IR
X L 3 SR IR i R S R AL D). R E R S R
#%,2013,19(4):868-877.

XIA Yanfei, ZHANG Wenhui, WANG Rong, HUANG Cuixiang,
HAN Tiantian, SHEN Xiang. Effect of soil organic nutrition
matter on yield and quality of Fuji apple[J]. Journal of Plant Nu-
trition and Fertilizer,2013,19(4):868-877.

PINERAG TR A A, BB, 2T — ARITTT, B st , i, %
T I T U S AR A R O B G R T A
R[] E L SR 2022(2):207-215.

SUN Chenmei, CHENG Dongdong, YANG Yuechao, LI Dingyi,
REN Shike, DUAN Chongxin, LIU Yan, JJANG Yuanmao. Re-
search progress of the relationship between soil fertility quality
and the growth, yield and quality of apple[J]. Soil and Fertilizer
Sciences in China,2022(2):207-215.

KA A LA PR B SE R R IR RS T
AL SIS BT D). M - FEALR R R R 22, 2021,

ZHANG Xiuzhi. Analysis of leaf nutrition, fruit quality and
soil fertility of ‘Micui’ apple under different fertilization treat-
ments[D]. Yangling: Northwest A & F University,2021.
NEILSEN D, NEILSEN G. Nutritional effects on fruit quality
for apple trees[J]. New York Fruit Quality,2009,17(3):21-24.
FEP BN, T SRR AR B S AR SR B AR
JR PR 5B v 0 SR []. &R, 1998,30(1):36-38.

9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

JIANG Xueling, YU Zhongfan, YU Bo, ZHANG Guanghe,
SONG Yongyi. Causes and control countermeasures of apple
rough skin disease in Jiaodong[J]. Deciduous Fruits, 1998, 30
(1):36-38.

BRE, FRDG, XIRAE , 258 R, X i, K 5% . R b
bR AR SR AL SRR 23 M (3], Wl AR ARk R, 2011, 43
(10):57-59.

LI Qingjun, TIAN Liguang, LIU Qinghua, LI Junliang, LIU
Chenglian, YUAN Yongbing. Acidification of orchard soil in
Shandong Province and analysis of acidification causes[J]. Shan-
dong Agricultural Sciences,2011,43(10):57-59.

ki, BRERY, B L, KR, X, /M L AR
X 2R e A 37 B A DR R SR iz SRR A 43 0], B A
2011,38(11):2180-2186.

ZHANG Qiang, WEI Qinping, JIANG Ruishan, LIU Xudong,
LIU Huiping, WANG Xiaowei. Evaluation and analysis of soil
physicochemical characteristics and fruit quality in main apple
production regions of Beijing[J]. Acta Horticulturae Sinica,
2011,38(11):2180-2186.

A, ERIE, XURI IR . 762 1 7 X 3 b o e R A A
REAIE B Fos SRS 5K R R[], T R AR B2, 2018, 46(9):
119-123.

LIANG Qian, WANG Yuying, LIU Shuqing. Distribution charac-
teristics of trace elements in soil of grape producing areas in He-
bei Province and their effects on fruit quality[J]. Jiangsu Agricul-
tural Sciences,2018,46(9):119-123.

R . R R IX R RN 8 SR R A S
2 WP ATRHIE[D]. #395  PE AL AR AR, 2021.

WANG Peizhou. Nutrient input and soil nutrient status and their
spatial distribution characteristics in the main apple producing
areas in the Loess Plateau[D]. Yangling: Northwest A & F Uni-
versity ,2021.

G BRMEAEXE LA R AR E SR A 7
MM [D]. #i2 : PR MRHECR 52, 2015,

ZHENG Wei. Effects of package fertilization on growth and de-
velopment of Red fuji apple in Weibei and soil fertility in or-
chard[D]. Yangling: Northwest A & F University,2015.

B . A HUIE -5 P MO0 372 SR bl X SR S it it 7= e b e
ALK BT [D]. KA « L TG4l K2 5 2020.

TIAN Ye. Effects of combined application of organic fertilizer
and chemical fertilizer on fruit quality, yield and physical and
chemical properties of apple garden[D]. Taigu: Shanxi Agricul-
tural University, 2020.

WS, RN, 5K, B T 373 T EORS i B T 3R],
T EAMAEH,2007,48(5): 144.

YANG Wenbin, QU Yigang, ZHANG Xiang, XIA Guoning. Cre-
ate Ningxia boutique Huangyuanshuai apple[J]. Journal of
Ningxia Agriculture and Forestry Science and Technology,
2007,48(5): 144.

RH RS | el B M el D SRS 7 R BOR [T, 7 A



1170 xrOW

4

e 403

[17]

[18]

[19]

[20]

[21]

[22]

Fl4%,1999,40(6):30-31.

WEI Tianjun, LI Tianbing. Cultivation techniques of high quali-
ty and stable yield in Jinguan close planting garden[J]. Journal
of Ningxia Agriculture and Forestry Science and Technology,
1999,40(6):30-31.

B SR AN E] A LB KT 3 SE SR R e R SRR AR
R B SE IR [D]. #9 « VE A ARRHE RS2, 2018.

ZHAO lJingjing. Effects of different levels of soil organic matter
on photosynthesis of leaves, sugar and organic acid metabolism
as wellas quality in apple fruit[D]. Yangling: Northwest A & F
University,2018.

AR 1 SR XS5, FANTE, [RISE 22 . AL EA HUIE S it X 3
IR IR A R R R [T]. T2, 2013, 40(11):
2229-2236.

ZHAO Zuoping, GAO Yimin, LIU Fen, WANG Xiaoying,
TONG Yan’an. Effects of organic manure application combined
with chemical fertilizers on the leaf nutrition, quality and yield
of Fuji apple[J]. Acta Horticulturae Sinica, 2013, 40(11):2229-
2236.

ARTARH . 2, 6-— SRR I E i 5 B I s B SK SR A
3R C IrEIHERRELLLER]. Bl 22423 T1,2021(25): 100-101.
XU Zhaoyang. Accuracy comparison of 2, 6- dichlorophenol in-
dophenol titration and iodometric determination of vitamin C in
vegetables and fruits[J]. China Food Safety Magazine, 2021
(25):100-101.

PRI, B, T30 . AR E A& 1-MCP LB 1E
2118 3L M IR R RS D). AR AR 22, 2022, 37(4):
128-140.

JIA Chaoshuang, WANG Zhihua, WANG Wenhui. Effects of dif-
ferent shelf temperature combined with 1-MCP treatment on tex-
ture traits of Huahong and Huayue apples[J]. Acta Agriculturae
Boreali-Sinica,2022,37(4): 128-140.

B BEMEER, EARFS, 2 R 7, L 1l R A S A RS
JRARAR A E RS RHEE IR TR AN S AT (0], A
JER,2011,27(25):168-172.

LU Chao, XUE Xiaomin, WANG Cuiling, AN Guoning, WANG
Jinzheng. Correlation analysis on fruit quality and leaves nutri-
tion and soil nutrient in apple orchard of Shandong Province[J].
Chinese Agricultural Science Bulletin,2011,27(25):168-172.
KA FEHEN, Be 22 2 R e, A, AR IE, AR 1, 2
E ST S R B N T e WA e 2 S
JR B SEMR[]. 78 R K2 2R (SRR ) , 2022, 44(1) : 65-74.
ZHANG Xiuzhi, GUO Tianli, JIAO Xueyi, LIU Chenlu, LI
Yuxing, MA Fengwang, FU Xuanchang, LI Cuiying. Effects of

(23]

[24]

[25]

[26]

[27]

(28]

combined application of commercial organic fertilizer on soil
fertility and fruit quality of ‘Honeycrisp’ apple[J]. Journal of
Southwest University (Natural Science Edition), 2022, 44(1):
65-74.

Kt [FIAE 22, BELLRE  0E | WU EE NN AL IR R AR K
S SR B [J]. T R IX RV 5T, 2007,25(3) : 62-65.
LIU Ruliang, TONG Yan'an, FAN Hongzhu, ZHAO Ying. Effect
of spraying zinc fertilizer on apple growth and fruit quality in
Weibei dry- land[J]. Agricultural Research in the Arid Areas,
2007,25(3):62-65.

k3% . WEIEH B SRR IO AN AR B0 IR R A AR R
M HISZIAD). 8%« 1l AR AR 22,2021,

ZHANG Xin. Effects of phosphorus application rate, combined
of nitrogen and phosphorus and grass planting on phosphorus
forms in soil and phosphorus utilization in apples[D]. Taian:
Shandong Agricultural University,2021.

BT, TRIG, R . BRALSER T S LM U0 Ly 2
PR SRS b SR R (], R SRR, 2022(1) :24-28.
DUAN Zhilong , WANG Chenguang , SONG Yun. Effects of dif-
ferent green manure cultivation models on soil physical proper-
ties, apple quality and yield in fruit regions of Northern
Shaanxi[J]. China Fruits,2022(1):24-28.

VR oz e, T, B4 URE i ANFEEE E R A
iy B e MY e A R A N s (S F e
}#2),2017,43(2): 166-170.

TAO Aiqun, WANG Rencai, MO Hongzhuan, QIU Zhenhua,
SHI Hao. Effects of different fertilizers on phytosynthetic char-
acteristics and fruit quality of Yuquandongzaose (Ziziphusngzao-
alit)[J]. Journal of Hunan Agricultural University (Natural Sci-
ences),2017,43(2):166-170.

WRELTE, PRI, SOtk B 1R 08, FRAR ok, B 0% | R 5
AR TR R 2 e [BF [0, A6 R 2, 2022(3) - 58-
64.

CHEN Hongyu, LU Guibin, MA Guangyue, YANG Jungiang,
SHEN Zhongmei, LI Yulian. Multiple regression analysis of rela-
tionship between soil nutrients and fruit quality of Dongzao ju-
jube[J]. Northern Horticulture,2022(3): 58-64.

BIRZE MR, R R, X NGE , 5K fe . 3% pH AR R R 1L
37 5 R SR SRR S B R A [T, o A S aE R, 2010,
26(14):209-213.

LI Qingjun, LIN Ying, LI Junliang, LIU Chenglian, YUAN
Yongbing. Effects of soil pH and some meliorators of acidified
soil on fruit qualities of apples (Mulus domestica)[J]. Chinese

Agricultural Science Bulletin,2010,26(14):209-213.



