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Multivariate analysis and modeling of fruit mineral nutrient, soil nutri-

ent and pH in Satsuma mandarin citrus orchards in Hunan province
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Abstract: [Objective]l84 soil and fruit samples from main citrus producing areas in Hunan province
were collected to explore the relationship between soil nutrients, pH and fruit mineral nutrient, in order
to provide reference for scientific fertilization in orchards in Hunan province. [Methods]Soil physical
and chemical properties affect soil fertility, while tree nutrition reflects soil nutrient utilization efficien-
cy. Understanding factors affecting soil nutrient utilization in citrus orchards is crucial for soil fertiliz-
ing and soil modification. When fruit matured, soil samples were collected from 5 sampling points ar-
ranged in an S pattern in each orchard and 10 fruit were taken at the same time from positions evenly
distributed in the tree canopy. Soil samples at depths of 20-40 cm were taken 10 cm in-ward from the
drip line at two opposite sides of the tree. To test and analyze mineral element contents in the soil and

fruit from 84 producing citrus orchards in Hunan province, multivariate statistical analysis was per-
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formed with SPSS, R and LINGO software to screen the main soil factors affecting the fruit mineral ele-
ments, and the problem of soil nutrient deficiency in the orchards was evaluated. [Results]The results
showed that more than 85.94% of orchards had a soil pH that was acidic to strongly acidic in Hunan
Province. The average soil pH value was 4.56, with a variation range of 3.19 to 7.37 and a variation co-
efficient of 17.57%. The soil organic matter (OM) content ranged from 10.09 to 39.68 g - kg™, with an
average of 21.51 g-kg'.76.56% of the citrus orchards had an appropriate soil OM content. The percent-
ages of soils with suitable available N, P and K were 60.94%, 51.56% and 45.31%, respectively. The
proportion of soils with serious deficiency in Ca, Mg or B was 43.75%, 56.25% and 85.94%, respective-
ly. In some citrus orchards, the available Fe, Mn, Cu and Zn were excessive, proportions of which being
87.50%, 65.63%, 64.06% and 12.50%, respectively. Therefore, attention should be paid on the propor-
tion of different nutrients to ensure their maximum absorption rate by the crop. The contents of total Ca,
total Mn and total Mg were closely related to soil pH, available P, available Mn, exchangeable Mg and
available Zn. However, simple factor correlation analysis could not explain the relationship between
soil nutrient and fruit mineral elements. Pearson correlation analysis showed that fruit total contents of
K, Ca and Fe were positively correlated with soil pH value, while the other mineral nutrients were nega-
tively correlated with soil pH value. The total content of N, P and Ca were negatively correlated with
the OM content, while the other nutrients were positively correlated with the OM content. Typical corre-
lation analysis showed that there was 90.59% correlation between soil nutrient factors and fruit mineral
elements. Multiple linear stepwise regression analysis showed that the mineral elements of fruit were af-
fected by multiple soil elements. The fruit total K was positively correlated with soil alkaline N and
available K. The fruit total Ca had a positive correlation with soil available Ca and Fe and a negative
correlation with available K. The fruit total Mg was negatively correlated with soil available Ca. The
fruit total Zn had a positive correlation with soil OM. The fruit total Mn was positively correlated with
soil OM and available Mn, but negatively with available Ca and Zn. The fruit total B was positively cor-
related with soil alkaline N and available B, but negatively with available P and Mg. Through the meth-
od of linear programming, the optimal solution of soil nutrients for citrus orchard had a pH value of 5.50
to 6.50, organic matter 15.00 to 30.00 g- kg, alkaline N > 80.00 mg - kg, available P > 80.00 mg - kg,
available K 100.00 to 200.00 mg- kg, exchange Ca 1 000.00 to 2 000.00 mg - kg, exchange Mg 150.00
to 300.00 mg - kg™, available Fe > 10.00 mg- kg, available Mn 5.00 to 20.00 mg - kg, available Zn 1.00
to 5.00 mg - kg, and effective Cu and B 0.50 to 1.00 mg - kg'. [Conclusion] This study objectively re-
flected the current situation of soil nutrient availability in citrus orchards in Hunan province, evaluated
the relationship between soil and fruit nutrients, and established the optimal scheme of soil nutrient. Ad-
justing soil pH value, applying organic fertilizer, and increasing the effective Ca, Mg and B contents in
soil will be the key points for soil fertility management in the citrus orchards in Hunan province.

Key words: Citrus orchard; Hunan province; Soil nutrients; pH; Fruit mineral nutrient; Multivariate

analysis
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Fig. 1 Distribution of citrus orchards in Hunan province
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Table 1 Soil fertility in citrus orchards in Hunan province
5H HBUBT AR HRWE MR AR THEE AR A H R Hke A
It oM/ Alkaline N/ Avail P/ Avail K/ Avail Ca/  Avail Mg/ Avail Fe/  Avail Mn/ Avail Cu/  Avail Zn/ Avail B/
em

(g-kg") (mg-kg') (mg-kg") (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg) (mgkg") (mgkg')
S {E 4.56 21.51 82.27 24.67 165.91 1592.59 160.39 89.07 45.21 1.93 3.16 0.32
Mean
e /ME 3.19 10.09 76.81 2.39 41.03 289.76 36.07 7.49 4.28 0.21 0.56 0.10
Min
KM 737 39.68 928 81.51 639.51 7369.23  686.86  468.31 219.55 16.61 14.49 0.90
Max
PR 2 0.8  6.61 2.97 21.05 106.48 1461.52 112.27 82.57 43.34 2.37 2.79 2.79
STD
5 17.57 30.75 3.61 85.31 64.18 91.77 70.00 92.71 95.88 122.43 88.25 55.30
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Table 2 Fruit mineral nutrition in citrus orchards in Hunan province

WiH A5 £t A A4 s Ak et A4 AE 27
Ii\ Total N/ Total P/ Total K/ Total Ca/ Total Mg/  Total Fe/ Total Mn/  Total Cu/ Total Zn/ Total B/

cm

(g-kg") (g'kg") (g-kg’) (mg-kg) (mgkg') (mg-kg') (mgkg) (mgkg) (mgkg) (mgkg')

SFYME 9.98 1.69 9.73 2909.67 1021.59 28.36 11.12 2.75 4.14 19.11
Mean
e/ ME 7.72 0.88 5.76 1432.23 685.20 10.95 1.56 0.50 0.68 10.60
Min
N 14.17 10.40 13.69 5096.58 1516.09 88.23 75.00 20.67 13.67 30.00
Max
BRI 2 1.18 1.26 1.56 866.77 162.62 15.05 10.47 2.58 2.69 4.51
STD
BRRECY 11.83 74.72 16.05 29.79 15.92 53.07 94.09 93.55 64.89 23.62
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Table 3 Correlation coefficient between fruit mineral nutrients and soil nutrients

WSS 7% Fruit mineral nutrients

+ 3Ry

Soil nutrients £ e e 455 EiXS ES Es il et B
Total N Total P Total K Total Ca Total Mg Total Fe Total Mn Total Cu Total Zn Total B
pH -0.02 -0.02 0.07 0.38%* -0.11 0.05 -0.24 -0.12 -0.24 -0.11
HHLE OM -0.14 -0.11 0.04 -0.23 0.05 0.08 0.26 0.16 0.38* 0.13
Tl i % Alkaline N -0.07 0.06 0.24 -0.14 0.01 -0.04 0.00 0.04 0.06 -0.17
A %t Avail P -0.05 0.09 -0.15 0.09 -0.05 -0.05 0.04 -0.13 0.08 -0.12
A Avail K 0.24 0.10 0.35%%  _0.34%* -0.12 -0.03 0.06 0.00 0.06 -0.08
AT Avail Ca -0.03 -0.02 -0.09 0.47%* -0.26% -0.01 -0.31% -0.22 -0.21 -0.15
A Avail Mg 0.12 -0.03 0.07 0.17 0.05 -0.01 -0.19 -0.16 -0.18 -0.33%
H 38k Avail Fe 0.02 0.01 -0.22 0.13 -0.02 0.12 0.05 -0.14 -0.15 -0.16
% Avail Mn 0.09 0.01 -0.01 -0.08 0.00 -0.03 0.72%* 0.05 -0.13 0.23
1 %04 Avail Cu 0.03 -0.07 0.04 -0.08 -0.11 -0.13 0.31% 0.17 0.03 0.30%
A 38 Avail Zn 0.15 0.09 0.03 -0.21 -0.14 -0.04 0.25 0.08 0.09 0.15
A Xl Avail B 0.06 0.01 0.33% -0.26% -0.10 -0.08 0.29% 0.11 0.15 0.29%

T =84, ¥ H1* FIRPHIAE p<0.01 Fl p<0.05 BEKFZER, BRI . TH-.

Note: n=84, **or* stand for the significant difference at p << 0.01 or p < 0.05 by Pearson Correlation analysis. The same below.
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Fig. 3 Correlation coefficient structure diagram between soil nutrient and fruit nutrients content
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Table 4 Multiple linear stepwise regression equation of fruit mineral nutrients and soil nutrients

477 i
Regression equations

Fruit mineral nutrients

JifEFiE
F value of equations

Y, 4% Total N Y:=10.630-0.048X:+0.116.X,, 3.369%
Y, 42 1% Total P ¥,=2.223-0.037X:+0.082.X,, 3.089*
Yy 44 Total K Y:=5.260+0.905.X,+0.007.X:-0.001.X-0.009.X,-0.172X 1 +4.017.X:, 5.177%%
Y, 4245 Total Ca Yi=2 842.342+11.056.X,-3.328X:+0.326X:+4.923X,-1 335.695X,, 9.732%*
Ys 428 Total Mg Yi=1025.930-0.047.X+0.450.X; 4.131*
Y, 4%k Total Fe Y=24.629+0.264X,-1.006.X 3.866%
Y, 44 Total Mn ¥7=0.199+0.293.X,-0.002X,+0.162.X, 26.63%*
Y424 Total Cu ¥=3.366-0.001X, 3.954%
Y, 4% Total Zn Y5=6.169-0.781.X,+0.104.X,-0.008.X; 3.898%
Y1 4= Total B ¥1=59.612-0.478X:-0.016X:-0.016X:+0.430X,:+6.125X:, 5.972%%

W X~ Xooo pH A HUGE BB S0 17 000, SRR, 28 $e kA, A e ek 6, A 28304k, A 358, A 200 o 0 A 2800
Note: X;-X... pH, OM, alkaline N, avail P, avail K, avail Ca, avail Mg, avail Fe, avail Mn, avail Cu, avail Zn, avail B.
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Y ot =10.630-0.048X:+0.116.X,, 5

0.88<2.223-0.037X,+0.082.X,,< 10.40;

5.76<5.260+0.905X,+0.007.Xs—0.001.X,~0.009.X,~
0.172X,,+4.017X,,< 13.69;

1 432.23<2 842.342 + 11.056X,~ 3.328X; +
0.326X,+4.923X,—1 335.695X,,<5 096.58;

685.20< 1 025.930-0.047X:+0.450X7< 1 516.09;

10.95<24.629+0.264X,-1.006.X o< 88.23;

1.56<0.199+0.293X,-0.002X+0.162X,< 75.00;

0.50<3.366-0.001.X,<20.67;

0.68<6.169-0.781X,+0.104X,-0.008X;< 13.67 ;

10.60<59.612- 0.478X;— 0.016X:~ 0.016X; +
0.430X,0+6.125X,,<30.00;

5.5<X<6.5; 15<X<30; 80<X:<150; 15<Xi<
80; 100<X:<200; 1 000<X<2 000; 150<X,<300;
10< X205 5<X<20; 0.5<X0<1.05 1.0 X,<5.0;
0.5< X< 1.0;

I P AH TR B8 7325, T 3 ST SR A SR S 4 1l o KB
Yowas A B RAE Yo s B85 5 KA Yo s B BT KA
Yinaxs~ B2 R B KAB. Yorans~ A5 I RAB. Yo~ 22 0 B0 KAE
Yooaws~ 2B I KAE Yonano » 2 W 550 KA Vs PRI 2 H K1
Jite. W RMTHE, AT T A MG LR A
TR BOE G o TS5 AR, A A7 [l 38 R A2
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Table 5 The ranges of soil nutrient elements and pH for optimal mineral nutrition contents in fruit

B S

X AEX T

P VAR vLAeB v,AaEW vaes  YvAes  va%  vaR Y, A2 Y, AR Y& Range of
Soil nutrient Total N/ Total P/ Total K/ Total Ca/ Total Mg/ Total Fe/ Total Mn/ Total Cu/ Total Zn/ Total B/ optir%qum

. -1 . -1 . -1 . -1 . -1 . -1 . -1 . -1 . -1 . -1
factors(Xn) (g'kg") (g-kg') (g-kg') (mg-kg') (mgkg') (mgkg') (mgkg') (mgkeg') (mgkg') (mg-kg") value
X pH 5.50 5.50 6.50 5.50 5.50 5.50 5.50 5.50 5.50 5.50 5.50-6.50
X, AHUR 1500 15.00 15.00  30.00 30.00 30.00 30.00 30.00 30.00 30.00 15-30
OM/(g-kg")
X AR A 80.00  80.00  80.00 80.00 80.00 80.00 80.00 80.00 80.00 80.00 80
Alkaline N/(mg-kg")
X, Ak 80.00  80.00  80.00 80.00 80.00 80.00 80.00 80.00 80.00 80.00 80
Avail P/(mg-kg")
X SR 100.00 100.00 200.00  100.00  100.00 100.00 100.00 100.00  100.00  100.00 100-200
Avail K/(mg-kg")
Xo 23045 1.000.00 1 000.00 1000.00 2000.00 1000.00 2000.00 1000.00 1000.00 2000.00 2000.00 1000-2000
Avail Ca/(mg-kg")
X; Ak 150.00 150.00 150.00  150.00  300.00 150.00 150.00 150.00  150.00  150.00 150-300
Avail Mg/(mg-kg™")
X A0k 10.00  10.00  10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10
Avail Fe/(mg-kg")
X, 13 3R 20.00  20.00 5.00  20.00 20.00 20.00 20.00 20.00 20.00 20.00 5-20
Avail Mn/(mg-kg")
X B 1.00 1.00 1.00 1.00 1.00 0.50 1.00 1.00 1.00 1.00 0.50-1.00
Avail Cu/(mg-kg")
Xu A8k 5.00 5.00 1.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 1.00-5.00
Avail Zn/(mg-kg")
X B R 0.50 0.50 1.00 0.50 0.50 0.50 0.50 0.50 0.50 1.00 0.50-1.00
Avail B/(mg-kg")
Ymax RS TS 57 10.49 2.08 1534 3476.64 1113.93 32.05 10.23 2.37 491 25.37

Fruit mineral nutrients

55 Ju - pH N 5.50~6.50, 5 HL 5 & &~ 15.00~
30.00 g-kg', Bl il & K T 80.00 mg - kg, A 2 KT
80.00 mg - kg, M & H 4 100.0~200.0 mg - kg, 2 #t
PE 45 5 1 000.00~2 000.00 mg - kg ', 28 #e P8 Ny
150.00~300.00 mg - kg™, A #%k K T 10.00 mg - kg,
A B N 5.00~20.00 mg - kg, A RN 1.00~5.00
mg kg, A R A R4 0.50~1.00 mg - kg I, M
T S A A L A B L A B R IA 31 10,49, 2,08
15.34 g-kg', 245 A BE A AL A L A BRI A
£ B W] 35 #1) 3476.64.1113.93.32.05.10.23.2.37.
4.91.25.37 mg-kg'»

[FIIS, 2y 7 S aF R T R e, R T
SR R SR ALY M S R PR A [ -
SLIME HEAT LB R B (R 6) o K 2 HUR i + 1R B
FE AN IE B, R M R R L s U AR e B
85.94% , M4 bel 3T AL 5T 5 B 7E 15.00~30.00 g- kg
2 18] R RE AEE ) 3K B 76.56% , B AR RS BT
80.00 mg - kg ) 15 60.94% , 13 R & &K T 15.00
mg-kg' 1 7 53.12% , A KT 100.00 mg - kg

() 5 73.44% , 43.75% ) S el SR 45 5 56.25% S bl ik
B, Frh G A B bl R R VIR AR S B AR IE
vu, [, T o 85.94% Y SR el RS . PRk, R
R S B R 3 pH{E 0 8 - 3 oA 0
BRI TR IR

31w

FE AT A it JoT 25 R A4 5T 388 RSO R e, SRSERT R
I o7 AR el e 75 4312 W o3 i SO 7 R R
(IR FEUR A o SR [l 398 A mT DA ] - 43 5 1) T
R, SRS BT F% 20 20 BT J0) S5 e A A AR A 78
TR TR SR 3 4 BO AR A IR 7 R Ok AT B
D FERHE 2 ORI A A R

1P 4 I 85.94% A mU R Il 3% pH< 5.5 &b
TR 2 R R 1 A B, 1K RT BR AE AT A AR i R K
ST A JIE P 32 380, T — oA Dy i R A R S ) 4
pH H 79 5.5~6.5", & it F A7 2K Be % U 17 L 45 12
Bl e S S T, 5 S SR R I, IR M L g it
P K AT LA 25 52 T SR8 57 o WAL, PR A R S
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Table 6 Comparison between optimized soil nutrients and the measured

L HEFE A (X EIETR It LHEFE IR F (X BIEIR [ Lkl
Soil nutrient factors Limit of nutrients Proportion of orchard/% Soil nutrient factors Limit of nutrients ~ Proportion of orchard/%
X, pH <5.50 85.94 X, ATk <150.00 56.25
5.50-6.50 10.94 Avail Mg/ 150.00-300.00  32.81
(mg-kg")
>6.50 3.13 >300.00 10.94
X, BHLE OM/ <15.00 14.06 Xs B Rk <10.00 3.13
. -1 M
(g-kg’) 15.00-30.00 76.56 Avail Fe/ 10.00-20.00 9.38
(mg-kg™)
>30.00 9.38 >20.00 87.50
X ThfRA <80.00 39.06 X, A R <5.00 1.56
Alkaline N/ 80.00-150.00  60.94 Avail Mn/ 5.00-20.00 32.81
(mg-kg") (mg-kg")
>150.00 0.00 >20.00 65.63
X, Rk <15.00 46.88 X B <0.50 14.06
Avail P/ 15.00-80.00 51.56 Avail Cu/ 0.50-1.00 21.88
(mg-kg™) (mg-kg")
>80.00 1.56 >1.00 64.06
X SRR <100.00 26.56 Xu B R <1.00 10.94
Avail K 100.00-200.00 4531 Avail Zn/ 1.00-5.00 76.56
(mg-kg™) (mg-kg™)
>200.00 28.13 >5.00 12.50
X ZE 345 <1000.00 43.75 X R <0.50 85.94
Avail Ca/ 1000.00-2 000.00  31.25 Avail B/ 0.50-1.00 14.06
(mg-kg") (mg-kg")
>2 000.00 25.00 >1.00 0.00

R, 4R R SRR e . I WL R I )
W) AR T AR e L A A 20~60 g kg Y,
T T A A [l - 3 AT AR IR AT, o 76.56% (1)
FE ARG T E A HLUR & BT 15~30 g kg IEH
Ko Pearson # R4 M FL R B, RS 40 445
AAgE &S L3 pH 2 IEM G, AR RSy i
35 R pH I R A R AR 2 e S
BEHHEANRSEE ML, KRBT LEA
WU A 35 2 IEAH G

ARHIEFE B, - 48 R Ak i g R T A 48 R 4y %
RE I, 84 N i R T W AR AR 0T R T e
)7 38 & & 3E B, & B4 B~ 60.94% |
51.56%H145.31% , iX 5 £ 4 >k 3G Jifi 15-15-15 F1 17-
17-17 W E A REA . 1R M 1 538 v i A R | B
B ROk, Y % pH R BRSO IE
Ao JG 0, %o A AN BR S5 IR A T R M B R R
A 09200 RS E A3 BT R R T A A A A BEIK
KT EE ) (5 43.75% A1 56.25% o FHeH oK 4 5
TEREL E VR ME TR ST EL TS EKE, W
R DM A 9 RS B A I AR B K 2 R A D 5 O
IR 25 ORI AR RR BB S R R R o T R AT A LR
ROU Fr B Bk = I G L, R ARG [ g R L 48] o
1K 85.94% , 1X 5 LAk )58 33F 47 i v T A A ) e

MET7 A Ko 5T 1 P 4 M AR Il 958 5 ) P B
DRl 7 3 3 A7 7E 1O LR, 78 A I IR 20 BRI R AR
3 IR 70 B = L B DL ZE B AL A T AN 2 IS
Pt I 2 — Fh L B

SR Tt A 38 5% IR D0 L B R A SR S 5T A
B FE N Tl B0 1) B2 2R 8 A 5% a3 M e vk 4R s IR
D EREN FOTRER R KR, MEEH N L sttt
71 R A 5 oy M AT 7 R T - 3R TR o 5 R SEAT
TR ANF IS B AR B R OR R, aE RF RN H 2
[A] 47 ££ 90.59% I AH 5 , 3% B - 33 5% 70 A1 pH X R
SR RUTER S E A BRI, U R pH A A
EST R TN /S RS G2 - P S e ot N
A S B ORREY) . IR A R G
S AT T AR A & PSR R IR 5 R SR
EIRMIR AR s TR R SR S e R ) R
TRy BT 5 R S5 N P gl R 5 0 BT E FE T R
ok Rl 597 73 . pH 5 R SE R BRI SR &R L T
SO e R R S B R EE R 1. R
BIF E A B TN 1R 22 6 KR A 0 R AH 5% AR MK, N2
B A B] VAV 05 32 L B M R ARG SR S R A L 4
o NGt N o7 RN o8 7 AN o TN ok 2 1 e Y IR T
(B2 A Tl A ST T R )
BT 5 S T SR 3EE SR A Y S M
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PP R A [l - 398 787 5 S U HE AT B S e L =R sk
RO i 3 B A 5 5% T AH 1 I R Sem™ i 97 0 5 4
773~ pH X 7 IR e AL 7 SR T FE A8 [ P9 A 1o R LA

4 4w

T B 28 AT 1 30 [l - 480 il Y R A A LR
BRI 2 2 B AN 2, 2B I A LR
AU BRI R IE R, S A A Il g ik
Bl RN B B R LI A M A [l 4 R Ay
B AR HL 4> A A1l . SRSEH 9% 0 & B AN
LI E B SLE b - 8 pHAE AL
A U AT I AT B U R O xR
SR TR S AR .

LM SR A e SR 77 2 DA O %6 - ARl 12338 pH
H5.50~6.50, AL & &4 15.00~30.00 g-kg, il fif 2
KT 80.00 mg - kg, A & ff KT 80.00 mg-kg', #E
B 9 100.0~200.0 mg - kg, A2 3 P45 4 1 000.00~
2 000.00 mg-kg", 22 HutEEE N 150.00~300.00 mg- kg™
HREPKT10.00mg kg, AN S5.00~20.00mg - kg ',
A BN 1.00~5.00 mg - kg, A X% 8 A A R N
0.50~1.00 mg- kg I, b R serh 2 i W&
EAIAF]10.49.2.08.15.34 g-kg', 445 4 BE Ak
AR A A B A I A & Tk B 3476.64.
1113.93.32.05.10.23.2.37.4.91.25.37 mg - kg'. i
W IR, , 8 A VLA R R T R AR,
b R A ST R 4 J U R 4 A A [ g I A B 1)
Hp.
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