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FEZ FHEA W . AU . AR pH 2R AIVETEREIEY) & R R A HUE . ARG . AP pH YN R ERR AR
Tz TGN . AN pH AN Ve i B2 RO AL . AR . R . S H B pH ARZ IR . SePERLRISR g pH
9550 ~6.50, AHLF S AT 39.68 ghkg. TAFAN 169.17 ~ 170.41 mg/kg. A%UHE 34.50 mg/kg . HAHR 158.95 ~ 160.88 mg/kg
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Multivariate Analysis and Optimization of Relationship Between Soil Nutrients and Fruit

Quality in C. sinensis (L.) Osbeck Orchard
CAO Sheng, ZHOU Weijun*, LIU Pei, TAN Jie, SONG Biao
(College of Resources and Environment, Hunan Agricultural University, Changsha 410128, China)

Abstract: Soil mineral nutrients and fruit qualities of 74 Citrus sinensis Osbeck orchards in the main producing areas of Hunan
Province were investigated and analyzed in order to explore the effects of soil nutrients on fruit quality, find out the problems in
soil nutrients, and provide reference for guiding scientific fertilization to improve fruit quality. The multivariate statistical
analysis of R and LINGO software were used to screen the main soil nutrient factors affecting fruit quality, and the optimal soil
nutrient optimization plan was found with the best fruit quality. The results showed that more than 86.20% of the orchard soils
were acidic to strong acid, 65.52%, 75.86% and 82.76% of the orchard soils were deficient in exchangeable Ca, Mg, and available
B. The fruit quality of Citrus sinensis Osbeck was the result of the combined action of multiple soil nutrient factors. Partial least
squares regression analysis showed that the factors that have greater impact on the fruit mass of Citrus sinensis Osbeck were soil
alkaline N and exchangeable Ca. The fruit shape index was mainly affected by soil available P, Cu, Zn and pH. Total soluble solid
content mainly affected by soil organic matter, available Cu, Zn and pH. Titratable acid content mainly affected by soil available
K, B and pH. Vc content mainly affected by soil organic matter, available P, K, Mg and pH. The linear programming solution
found that the quality of Citrus sinensis Osbeck was the best with pH of 5.50—6.50, soil organic matter content greater than 39.68
g/kg, alkaline nitrogen within 169.17-170.41 mg/kg, effective phosphorus of 34.50 mg/kg, available potassium within
158.95-160.88 mg/kg, exchangeable calcium of 1 954.69 mg/kg, exchangeable magnesium of 123.81 mg/kg, effective iron of
468.31 mg/kg, effective manganese of 96.09 mg/kg, effective copper of 1.73 mg/kg, effective zinc of 10.93 mg/kg, effective
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boron of 0.33—0.85 mg/kg. Adjusting soil pH, adding organic

quality management in the future.

fertilizer, timely supplying Ca, Mg and B fertilizers are key to fruit

Key words: Citrus sinensis Osbeck; Soil nutrition; Fruit quality; Multivariate statistical analysis; Optimum proposal
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S UM SEBEALIEE 5 #RB, R 1 ADHUE/ X,
FHABEREEFEM ER K LA 10 em (7 0 ~ 40 cm 12)2
TEERESL, IRAAE, WUMESTECL kg A4+
FEFZEWNALRKT, 250 2 mm F10.149 mm i,
W ISR o E A SEIBCREAR (4 A% e 1D ] Bt AL 8
AR, B REE S BUR ST 40 NS, ISR E
W TR 52t I
1.2 WEEREFRE

T TR AE < AR TR A B I E A AL
i BRI AR A AR A
F-ER R SRR BT LL A I AT AU IR R
RAR— G RE I A s LR ER A %
FA 45 B TR R B T U A - A8 H 1 5 T 5
DTPA =45 F B A 45 B8 R R S i il o -3¢
YRR . SRS R WK-EDTA-HLBGE G 55
B R K BETEL(ICP-MS, Agilent 7900, USA)
SE B0 s A A I 4 48 pHDY

TS TNE . A — R R TR, A
bR RO E SRIERENAE, TZ-62 FHHAHEUNE T
PEEIEHI &R, 0.1 mol/L NaOH HI s Bl & il &
R & fe, 0.01 mol/L MM MR AE Ve &, IR L
RS AT ETE Y o ST R S

T 5% A Microsoft Excel 2013(3& [, fif#k
ZNENDAT R BT O =, B2 KRSt 44T,
LINGO 11 #F#AT T IEFR A 7 283K i

2 ZER591M

2.1 HBETEARMEERRRT
211 +¥EFRS X ISR T, B SR [

TIEAETPIRBE , A WIS TR Y 55857 53 BRI
-, RRRE T2 W BB . S IR
TR bR, FRAERE DER, WIRA N
frabel -3 o Fr i 22 AR, AL RAE 15.00 ~
30.00 g/kg HUFE A LA 65.52%, TR SRR T
100.00 mg/kg B 100.00%, ARk & KT 15.00
mg/kg M7 65.52%, HAEREEART 100.00 mg/kg
M 82.76%, AT AT 1.00 mgkg &
96.55%; Bk i A E AL T ACE B A & gy
WA 86.21%. 37.93% HI 72.41%, HpdFEo25H8
K BRI T 65.52% (bl - HEELES | 75.86% 1Y
SR bl HEREE , 82.76% 115 bl -3 ELAN . AR IR 0 ~
40 cm 123 pH FIE N 4.30, pH<5.5 &b TR
PR R ME AR R AR S 86.20%, T il FUAH A
A=K 4 pH 5.5 ~ 6.5 B 5 6.90%.

212 RSIEET DATIORERE S B BE vl g R
) SR 5 T 7 T 5 [T 2 B 22 S K, SR 48 4K
R R W) & i 22 FAUNGR 2). R R
i, Ve AIEVERETEY) . R g BR 1 R0 R LT
YIME 5% 137.17 g, 693.7 mg/L ., 134.1 mg/g. 4.6
mg/g Fl 32.79%, FF& BRI ACR R EARENY/T
426—2012)"1, 557 2% B pjop e SR S 5 A e bR
B 4 5V T A T i A T BB IO RS R S v Y
AT PERTEY) . T e BRI Ve S I 3 R
109.8 mg/g. 5.5 mg/g Al 465.8 mg/L; [ e &S IpF
S = T AT T EL ORISR S rh 1 a] R R L AT
S TR P 8t R T LL 437 A 103.0 mg/g . 6.4 mg/g Fll
16.87, UL T 7Kk 2% B3 JUAFE T J& ) A A7 1] 4 498 ol |2
R, SRS BUKEA TR .

R HEE LRSS ER R FERITFEM

Table 1  Soil nutrients status and evaluation of citrus orchards

Bz YL WlaebrfE 2 BREH%) SEmERETT REAKT (%) EEKT(%)  mEAKE(%)
A ML (g/kg) 10.09 ~39.68  24.57 +7.66 31.18 15.00 ~ 30.00 16.90 65.52 17.58
WA (mg/kg)  161.00 ~177.81  169.17 + 4.33 2.56 100.00 ~ 200.00 0.00 100.00 0.00
A % (mg/kg) 2.39 ~99.83 34.50 + 26.02 75.42 15.00 ~ 80.00 34.48 62.07 3.45
WA (mg/kg)  85.87~372.56  158.95+70.13 44.13 100.00 ~ 200.00 17.24 65.52 17.24
AT (mg/kg)  289.76 ~ 1 954.69 789.15 + 375.77 47.62 1.000.00 ~ 2 000.00 65.52 24.14 10.34
B (mg/kg)  36.07 ~391.00  123.81 + 85.37 68.96 150.00 ~ 300.00 75.86 17.24 6.90
Bk (mg/kg) 13.61 ~468.31  106.49 +98.17 92.27 10.00 ~ 20.00 0.00 13.79 86.21
A 5k (mg/kg) 4.05~96.09  25.37+22.93 90.38 5.00 ~20.00 6.90 55.17 37.93
H %4 (mg/kg) 0.44 ~3.79 1.73 £ 0.89 51.45 0.50 ~ 1.00 3.45 24.14 72.41
BB (mg/kg) 0.73 ~10.93 3.76 £2.33 61.97 1.00 ~ 5.00 3.45 75.86 20.69
A 3 (mg/kg) 0.11 ~0.85 0.33+0.18 54.55 0.50 ~ 1.00 82.76 17.24 0.00
pH 3.19~7.37 430+1.03 23.95 5.50 ~ 6.50 86.20 6.90 6.90
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Table 2  Fruit quality parameters of citrus orchards
i H PR BT (g) RS WEMEEY (ng/g) W E BR (mg/g) Ve(mg/L) [ R 1
T 72.00 ~ 140.00 0.89 ~ 1.05 114.7~151.7 1.8 ~8.4 579.4~8472 1572 ~76.11
BB R v 22 137.17 £ 12.47 0.95 +0.05 134.1+9.6 46+1.5 693.7+70.4  32.79+12.30
5 REL (%) 11.64 5.26 7.16 32.61 10.15 37.51

22 HEERIMRRELEFSSEXR

220 BIEFRMREAREIBOASCHE R R
[ R R+ 2R, SR AR R S R AR
Mo IF 3 A, BRLSE pH, STk A et Bk
S, LA B S AR PR R IEAR G, AR
FEBKI R 5005 (0.387) . A RLEE0.737) . A%
(0.597), UEHI4R L 3EAT LI & kT LA AR e

Herh B FOTE A i s 4 pH 535k 45(0.917)
AEHANERE(0.747) M 2 IR A G, AT R ORI
SR 438 pH R L2 TSR AR TS R B (1) 3 B A
. Ak, H50 e R & iR AH DG 2 1R A
RS R 5 SRR (0717, AT Rk S A Rk
(0.6277) . AARE0.677), A REE S4B 0.537) .
AR 0.437).

R3 TEFSEBEXME

Table 3  Correlation coefficients among soil nutrients

BHLB PR ARBE S SCHMERS SRR AR AR AR ASE AR pH
AHLET 1.00
Tl A & 0.13 1.00
AR 0.38" -0.27 1.00
KB 0.03 0.09 —0.06 1.00
THAER 022 -0.06 -0.28 -0.01 1.00
THAEE -0.04 -0.15 -0.10 0.20 0.71" 1.00
ARk 0.20 —0.04 0.62" -0.25 -027  -0.05 1.00
A B 0.01 -0.14 -0.07 -0.15 0.02 0.20 0.18 1.00
A 5 Al 0.36 0.02 0.33 -0.30 -0.08 0.24 0.67" 0.23 1.00
R 0.73" 0.19 0.24 0.23 -0.25 0.05 0.22 0.31 0.53" 1.00
EER L 0.59" 0.11 0.20 -0.02 -0.01 -0.01 -0.02 0.06 0.06 0.43" 1.00
pH -0.37" -0.06 -0.45" -0.04 0917  0.74"  -0.26 -0.06 0.03 -0.35 -0.17  1.00

W n=74, ** F * FLRHEMESHIIE P<0.01 F1 P<0.05 B E K IRAAE T, FEFE,

2.2.2 CRIGES BHEORRIACHE SR+
BRI 5 RACE IR TR B O 2R LU 2%, A e 1
SR RIE AR, MR SO R E TR A,
o0 4 SR 23 i SO BB I A0 AR A B 7 IR BN o A
T TR GRS R AR O OC R (R 4RI, SR
T IEIRIP RS RS B AN SRS, e

=4

polant: S st S AL Ly N B R R ATTIEIEeS AL ]
IR T AR ST A DG B O R A S
HIR R (-0.437) . FIEAE$(0.437), HHEARmE SR
FEEE(-0.57"), BB S i ERR(0.56) . AR
(-0.49"), 2S4S 5 A R i i (0.48™), ARk SR
TR H0(-0.407), A S-S T ETE(0.417).

REMRELEF BN

Table 4 Correlation coefficients between fruit quality parameters and soil nutrients

AU BARA AR ST SSHOMESS ASierERE AR AAUE ARURN AR ARG pH
HEE ris iy 0.14 ~0.43" 0.01 -0.25 0.48" 0.24 -0.09 -0.07 -0.09  -0.33 -0.18 042"
FIBHa 5L -0.10 043" -057" 029 0.04 0.02 -0.40° 023  -0.16 -0.02  -0.09 024
AR EERY 047 0.2 -0.24 0.18 -0.04 021 -0.34  -0.15 -0.29 0.35 041" —0.13
AV S 12 0.06 0.24 -0.31 0.56" 0.08 0.23 034  —0.06 -0.2 0.14 0.19 0.12
Ve 0.35 0.16 -0.36 0.34 -0.03  -023 -036 —023 025 0.27 032 -0.05
By 0.01 -0.07 0.15 -0.49"  0.24 -0.10 0.16 -0.02 0.09 -0.14  -0.09 0.14
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TR (O IEZS A, BT 2 22 A R R 5E
BE s, RIPIRCEE A . AR A%
BRI pH BUR2IR, AT PEEDIE Y & 2 AL
Bt ARG . ABCRE -3E pH RN, AT E R
g R AW AR L pH BRI, Ve &
e EES AP AR AT | S
pH (52N, R b 3= 252 A & A R . 25 1
F ARSI A ) 5 i BRI RO &
WA, BUGES e L pH, AR AL
PEHOR I SIS AALRE, AT B 2 P R RS

*5 ZWMRLRAWEZLRFSEFRFERETIFE

Table 5 Screening of soil nutrient factors affecting fruit quality and regression equations

S N [al )= 5 7 KR FE HXRE

AR R(Z) X5 X Z,=295.060-1.137X,+0.003.X; 8.453" 0.394
RILAEE(Z,) X5 Xo X0 X12 Z,=0.032+0.004X,—0.035X5+0.01 1.X;0+0.092 X, 9.734™ 0.679
AL PEREDEYI(Z5) X1, X, X10. X1 7;=8.982+0.076X,-0.968X5+0.211.X,0+0.935X,, 7.517" 0.620
A E B (Z4) X, X1 X, 7,=0.210+0.001X,+0.262X,,+0.108.X,, 4.433™ 0.425
Ve (Zs) X1 X3 Xe Xo X2 Z:=43.401+0.610X,-0.117.X5+0.042.X,—0.057Xs+3.567X}» 9.564" 0.675

[51 78 . (Z6) X, Z=45.339-0.078X, 8.286" 0.408

e XN, XWURA, X AR, X, Xs SCilkes, Xosc#etbsh, X AR08k, XoA, XA R, X AR, X,

AR, X2 pH.

24 REITEFSSEMUAR

Ry T 25 O S R AR ) R A A
IS EFE , AR I BU(2) S TSR (0 IE S BUA
DRSS BT KA (Zax )0 B bR EL(A), 2R
SHAY AR S R0 . pH WZRAMRB), &
STR A TS S AR R e RN R 7 AR, 24
SRR figp e — TSI 5 PR R R, R R S o
FIRBILT, AT 25 5 IR0 TR — 2 B Y AE
AT P SRS TR AR AT BR A T R 2 K 2%
74 A SR A AR P SRS BT I, SRR T
FAE LA R e KA R ERR, T BR i SR bl P
fH, 3% pH SRS KB A K A 5.5 ~ 6.5,

SRS T R ARy FR AL, USRS

%Eﬁi%j{@(zmaxl)ﬂggui
Znax1 =295.060-1.137X,+0.003.X;5 (A)
0.032+0.004X,—0.035X5+0.011.X;4+0.092X,,=0.95

B)
8.982+0.076.X;-0.968X5+0.21 LX;¢+0.935X;,=>13.41

0.210+0.001.X,+0.262.X,,+0.108.X,,<0.46
43.401+0.610X,-0.117X5+0.042X,—0.057 Xs+3.567

X1,=69.37
45.339-0.078X,=132.79

Hirr, 24.57<X,<39.68; 169.17<X,<177.81; 34.50

< X;<99.83; 158.95<X,<372.56; 789.15<X;<

1954.69; 123.81 <X,<391; 106.49<X,<468.31;

2537<X;<96.09; 1.73<X,<3.79; 3.76 <X}y <

10.93; 0.33<X,,<0.85; 5.5<X,<6.5,

I AR TR] R 773 , Rl g Sy SR i AR S0 v SR 45 #i e
KAE (Zmaxz) . FTESE ETEW) e KAE(Zinans) < P T0 E FR
5/ IME(Zining) « V& 5 KA Zimaxs) FNE R e KAB (Zinaxe)
FIZEPERLR 5 RE . DN 6 TR, A7 (7] - He e ol P
FFEEH . pH 5.50 ~ 6.50 . A HLF &4 39.68 g/kg .
R 169.17 ~ 170.41 mg/kg ., A% 34.50 mg/ke .
BT 158.95 ~ 160.88 mg/kg. ACHMESS 1 954.69
mg/kg SEHLPEEE 123.81 mg/kg A4k 468.31 mg/kg .
F R 96.09 mg/kg AR 1.73 mg/kg A REE 10.93
mg/kg. AR 0.33 ~ 0.85 mg/kg f, PIOBEHE 552 5
Fifedd: AR 138.58 g WIEFEE 1.37, nIEE
EIEY) & 187.1 mg/g. WITHE R & & 4.6 mg/g. Ve
i 864.5 mg/L . [FWRLL 32.94,

http://soils.issas.ac.cn



102 +

e %53 %

#6 RImMBRENLTEFRSZEMpH
Table 6 Optimum ranges of soil nutrients and pH for high fruit quantity

THeESHT Z AR LR ZAEHEIEY Zo iR ZsVe Zs Wt X AEX
X, AU (g/kg) 39.68 39.68 39.68 39.68 39.68 39.68 39.68
X, Bdfi# A (mg/kg) 169.17 170.41 170.41 170.41 170.41 170.41  169.17 ~ 170.41
X; AR (mg/kg) 34.50 34.50 34.50 34.50 34.50 34.50 34.50
X, AL (mg/kg) 160.88 160.88 160.88 158.95 160.88 158.95  158.95 ~ 160.88
Xs s&bE S (mg/kg)  1954.69 1 954.69 1954.69 1 954.69 1954.69 1954.69 1954.69
Xo et (mg/kg)  123.81 123.81 123.81 123.81 123.81 123.81 123.81
X; AR (mg/kg) 468.31 468.31 468.31 468.31 468.31 468.31 468.31
Xs AR (mg/kg) 96.09 96.09 96.09 96.09 96.09 96.09 96.09
Xo A0 (mg/kg) 1.73 1.73 1.73 1.73 1.73 1.73 1.73
X0 AR (mg/kg) 10.93 10.93 10.93 10.93 10.93 10.93 10.93
Xi AR (mg/kg) 0.85 0.85 0.85 0.33 0.85 0.85 0.33 ~0.85
X, pH 6.50 6.50 6.50 5.50 6.50 6.50 5.50 ~ 6.50
Z max A T it I 138.58 1.37 187.1 4.6 864.5 32.94

. BRI AN g, nIRETEEEY AL me/g, THERBA mg/g, Ve SN mg/L,

3 e

3.1 HBELIEFES TRFE

J b - e Ay MIAE AR R 2R R 2 I ) L 5B
FH, AHEAEFH 64 [R] s S [ 52 ) SRA MR R 757 53 1
eI E - iE i s SHIVSI VA EE EilY S S v i
WA TR AR I BT 50 5 TR R,
R TR R R S B R 1Y ISR A R (HE
P AMEE L E T “pIoRRE ™ ST 4 49 5% 4 5 SR S0 S Y
203 HT K B R bl 438 57 43 A Ak D7 58 B4 o AT
s eEel s IR ORI AR R e R o
Yo, XHBIFEE A AL B ORI 721X 74 MR
T HE TR DR S T T R T R G, P T 2 SRk
WKk 24 B 86.20% AUFE s Rbd +1 pH<5.5, &b
Tt E R IEIAEE , X ] BB -5 AT AR 1 o A b SRk
KA AEAT G o 3T HLTT & = AR T
LA, FEIARE = S E A HUTTEE 2 5k 20 ~ 60 g/kg,
AR5 K B HLBAAL AT LAY 385 7258, i fE
L HE R S A R A R I LA SR AR T
A AL it P R Ol A v, A R A R el 5 0
BF, B SR . BB B 2 A L R U AT
fi A, TR SR A A | B B4 FH S R e 2 1
SRl - A R B 1 R Ak ke A A B P R AT AL
RERG R et Bk e . RN
It ELE 5 a A E AR IR A 5T Bt HLAC 25 e + e
pH BRARIRAL, 45 & B 0 ~ 20 cm +)2 4% pH 2
T 0.27 ~ 1.05, F/NEESERTY K BT IR+ A
HUAE i ) 2 K R 1 A0 P 88, RASAT DA 2% it 1 e TR

P, AT S R E AL & B tE
R AR S | SRR B B, X AT e i R
TS b DX - S XA RIS VR R R 20 G, 2 14
pH AT P IE R AT, XS R BE AR 4 B T
(14 R o ek A A I - e T Rk
RN B A TR i KO, X AT RE R R A AT R U
Bi7 I3 B R S feft FH AR 50 R Z2 WA R A5 AR TR
R e SRy A iy A3 ik RO S5 A0, R AR e it A
Pk 220 AL 0 O P e A 2 1 B A 17 B S A
32 HEERIMRELEFSXER
XA HEA T E SIS W, G W EOR RS2 i B2
HAHEEFFZWHSS &, A AW RS T R
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