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Abstract

Harmonious soil nutrient and highly comprehensive fertility are guaranteed of high quality and
high yield of crops. In this paper, principal component analysis and equidistant cluster analysis
were used to evaluate the status of soil nutrients and fertility. The results showed that: 1) The pH
value and available nitrogen were suitable; organic matter and water-soluble chlorine were low;
available phosphorus, available potassium, exchangeable calcium and exchangeable magnesium
were rich. From 2011 to 2017, pH value was slightly increased, organic matter and water-soluble
chlorine ware decreased gradually; available phosphorus, available potassium, exchangeable cal-
cium and exchangeable magnesium increased significantly. 2) The IFI value of the whole soil sam-
ples range from 0.19 to 0.82 in 2017 year, with the average IFI value was 0.52, which was higher
than that in 2010, but the coefficient of variation was lower than that in 2010. Comparing with
2010 year, IFI value of medium and low altitude in 2017 year was increased, while that of high al-
titude was decreased. The soil integrated fertility index of different altitudes was medium alti-
tude > high altitude > low altitude. 3) Our results also showed that the contribution of various in-
dexes of soil nutrients to the IFI value varied greatly, which indicated that the application of ferti-
lizers in successive years led to the aggravation of soil nutrient imbalance.
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T AAE TR R A KR AL 70 3 NS B — R R [1] [2], & AR E A T
BERIEAR[3] [4]. AR RILAZ B E AR SAER ORI ZR M, A A FIVE A 3R AE g i ARk 48 5 4k
A= R AR e AR R SRR B . B R 5 LU R —, R AR E I
TR BN T UM L3875 0 AP 1) L g o, RO A IR A BB A KR B TR
HIF=E[5] o

BRACTAL T VU VA A, 2R E LU A P i 2 — (6] ARG X BRI 7= X 22—,
SRMAE BB, MBARARONIES 26°06'~26°47' A4 101°24'~101°56' 2 8], S A%ISH Ny i WA -
Ll 2RSSR, WA RGO LRSI, R HBR, RN, ETRER
I 20.3°C, FFEM 850 = KAty , WA TS, NUE 2R SR AL LR EHE.
PR, RIEFR D TEA R 22 T W s o AHIE 58 DA 32 R4S 0 i B A v 45 4, @ xd
L4 HT 2010 4EAT 2017 4EFE P IREURE HIEFERGL, X% X I IR R B b AT 22 5 0RY, B
TEH 7R N AT E SR 56 3R S PR BB 25 AR R 520, Ayl e Ja S A 7 it A 7 RFR AR KA
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SR RERR . . RWE AR R R, 1E 2010 FI 2017 4EAEAT R RLHURE, ERBEHORA B
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123 AN 104 Ao HUREIT[R] A 00 B v R 34T B IR DAAT o O 1 S BR BT S IR FR IR0, R iR
££ 8~10 1 0~20 ecm RETIERA N —MEER. FrafEmad . WHEE. RS, i 113 pH A,
AHL BRARS . . R AAE. KSR ARG 8 MabR, A iES LS Wnkh [ 7)A0
fifl -+ F[8].

2.2. BRSHSIENTE

N7 PSR AL, T Se R RLIKIAVE(3 £5 77 205 I B B R A1 BR (9] [10], LA R #& 5 mice
BHATER A IR AL B, DA R G T psych QT E o 70 Mk — 20 TH & DB AR AL E . AR HE M 2 A
PR UL I 2 A S i 22 B i s BT AR AR 2 [R] FRSR SR R R R R, JE e i 2R AT AU T B
ANFE b B SR8 BEARL, BB A SR B B S IR S 2R -5 48 AR IFT (Integrated Fertility Index) [3] [4].
AN

IFI = Wix Ni (M
1

NI IFINTSRAE ISR HRARE, Wi SR i FhIR I TRARBCE R Ni NS i MR fabn R A - IFI
AR HUE T D 0~1, BB R Z - RGN s .

3. ERESH
3.1. TEFHRAHERES 534

MAIEFR S FERRE (K] 1), 2009~2010 385 25 25 S 444 13 pH E AT 4.90~7.70 2 [7], ¥MHHN 6.45 £
0.52, ZHRZECN 6.5%, HEE <1600 m -3 pH {H s, ¥k > 1800 m +3E pH {H &%, 13 pH
H 5k S I H B R 1A 5% 5 2015~2017 445 R 7R Bk 38 pHAE A T 4.31~8.12 2 [A], 34154 6.88 £ 0.91,
5 RECN 13.2%, HAiHR 1600~1800 m + 3 pH [E &A%, ¥k > 1800 m +-3 pH {E R, 135 pH {E
SRR K R HIREESER pH HZERBKR, EFMBALIA IR R TSR, SUEmiE
A3 pH KIERE ETHCMIE AN 13.4%), RN S84 pH (E28 5 2508

pH FHLET (g/kg) A7 % (mg/kg) - JRRE (mg/kg)
_ —_ . - H A :
"1 + : s - g =
I ot I =S B +
o - s . I | H < _
Ao AR H . —
i s i 2 i o B —-—
a - A 4 - _— L
g A (mg/ke) S SCHRTERS (mg/kg) - SR IEEE (mg/kg) KIS (mg/kg)
; S . 31 .
s ' = ; e &
S S =
=3 = (=3 N
(=2 (=3 D A (=]
o0 o0 (=} w o
S =g - v -
3 3 ‘ g
S - =4 | = . = :
s 5 m - - B
§' — - § — | § o -+ BE
ol — - ol = - = = - oJ ? —

Figure 1. Descriptive statistical of soil fertility indexes in Renhe tobacco-growing areas
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2009~2010 fE45 RN, MR HIEAYUR TS 8N 1523 £8.88 gkg ', H 5K EILHA B IEAHE,
1M 2017 F B MR HIEAE N F 588 12.09 + 4.88 gkg ', H SRR R 7] WP KA 2 1)
it 1% S0 - 3 WU A . PR A R IR . KRR e, AL, HHEAR
SRR R R 2017 FRR R B SRS . SR BE UM R AR R AT 2010 4, &
PRIE 5 BT 50.0%- 36.4%- 695.0%F1 95.2%; 2010 £F 38 2 80 & R BRI m i T, 20 Bt
AZ A AT WU B T R T VR T PARAES, 2017 41 0] 3858kl . S UAAE 1600~1800 m F 3K V0 Fil Bt s, A2 #e k45
TR IR A, A8 4 B T o Y 1 - v T A

A AR R R, ERERE E, M 2010 £ 2017 48, BRAWUR AR A 3 ZBRK, Hib
FRbr A 5 RECYA TN, FC A A A e M A S RO N R, T B X S i b s ) AR S
e FEASERE B, 2010 EEHEA MU AR B SEeAR AR S R B IR T R PR, A4
BEMIBEHF IR T i Th s R . A EAE 1600~1800 m HFIK AL S B4R s 2017 4F U RO . AL
B, ST HRPERE . KIEPESEAE 1600~1800 m A AL 7 REUAAR, pH (A ZHAMEES/E 1600~1800 m AL 7
Y .

3.2. TRFARARBBURGE ST

3.2.1. REERBHERBE
FJE R BRI IE b SR AE K ik 2 M BeERIA, B R Bt EARREEAE, LA
At Sk ST IR 5 (0 3 B R B A P R TN S TS 8 Bk B 117 S TSR B s Bk ik N (2):

1.0 (xez)
f(x)= 0.9><(x—x1)/(x2—x1)+0.1 (x, <x<x,) 2)
0.1 (xez)

PR S s R B R IE N (3):

0.1 (x<x1,x>x4)
0.9x(x—x;)/(x,—x)+0.1 (x, Sx<x,)

S (x)= 3

1.0 (x, <x<xy)

1.0—0.9><(x—x4)/(x2—x4) (x3<xSx4)

RRFEG) T x13 xo0 X35 xa P FER FIREAL ERRE AN R . AR A SEE A 5 502,
(R 45 SRR SCHR (11, W0 5E 21N FR 20 TEAR (KSR R JEE bR O AN h e e i UAEL, % 1

3.2.2. BBAEFRIEE

ANRFE>Fabrt LHELEA AL ST TTRRFE BE AR, DRI AE VR AR - 458 A B %o % T4 b i A7 A R A 1
o HE AR FR A FEAR AU T VE R 2, ASHIE TR F 2R A AT 3] [4] [11], i R B S F b A
F AR, BN R T R R E A SRR, BERE AR T %, ARTFH ER RN
W7 AZFR bR AR S TRk B R R L ARAEAR . TTER RS R IR A R OB, WLEE 2.

2 BREIR, AR T 2009~2010 F AR S TR bR AU ASHPERS . S B A
pH & 2015~2017 NG R G PUTACE, SR SO SURCE AR . BT WA 1 2
(AR ik e (A RS b, L3R A & TR AR 45 JE ) DTk Ak T A B R A

DOI: 10.12677/hjas.2020.101009 62 b k=


https://doi.org/10.12677/hjas.2020.101009

B 4%

Table 1. Types of membership function and threshold values of each soil fertility index
= 1. BIEIRHORIB R B R i AR E

PR TR TEREAM () LR A () PR ()
Type of membership Lower limit Optimal value of Optimal value of Upper limit
function value lower limit value Upper limit value value
pH 45 5.5 7 7.5
AV glkg 10 15 25 45
TR & mg/kg LIRS 30 50 70 100
N Parabola-type
LIRS mg/kg function 600 1600 2000 3400
LML mg/kg 72 180 420 840
HAHE me/ke 10 20 35 45
A mg/kg g 7 10 20
AR mg/kg S-type function 80 150

Table 2. Communalities and weight value of each fertility index

=2 BEGLBETFHENMNE

2009~2010 4£ 2015~2017 4F

L E Weight value AP F 77 % Communality HLE Weight value AP FJ7 % Communality

pH 0.108 0.33 0.114 0.66
HHUR gkg 0.138 0.71 0.146 0.62
AR A mg/ke 0.126 0.71 0.179 0.8
H N mg/ke 0.114 0.38 0.088 0.43
R mg/kg 0.110 0.49 0.088 0.37
S mg/kg 0.133 0.57 0.132 0.76
B mg/kg 0.139 0.58 0.121 0.24
4 mg/kg 0.133 0.38 0.089 0.43

3.2.3. TIMBBAZEETEMN

TE - IRAE I AP, — M P S R PR s 3B ) 2 B FE AR (IFDBEAT R 5y, ASHIE 72 2 18 [ 4
7%, IR LG FRARME R 0N 4 NG T (IFT > 0.75), 11 £4(0.50 < IFI < 0.75), 11T £%(0.25 < IFI
<0.50), IV ZL(IFI1 < 0.25). H17¢ 3 A1, 2009~2010 - 4AE J1 25 G 48 bR IFI B34 0.51, Fsich 0.79,
BN 027, H IFI EBEERTT =R 2015~2017 4 IFTE P8 0.52, SE AR 25 0.82 Al
0.19, H.LL 1600~1800 m g4k IFI iy, ] WLBEAE FAERAIE K, Sk b g e it m, (H2 AR
WA o« NI FTIRIE , FEE P R IE K, 7E<1600 m ¥k L 3EHE /748 31K 78 1600~1800
m K _E DL RITTIZE A T (2009~2010 4F)F528 4 LL T 08 F(2015~2017 4E); >1800 m HFik I FEA KA
Ak, Ak b, SRR IFT AR DA TIT 2 EBILE B . TT 2% b I S o

4. 5%
4.1. FNBHIERRZTL
SRR S AR RAR YEGE T DL 1, R S B pH E A 5.5~7.0 [12] [13], BLXAMRUERE, 1=
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FMAX 4% pHESE B . A 1 B, 2010 FF 45 pH A LLEUE T, (H &Ik 3% pH A RIES, %
FEUCIER EHEAT HEAC R B, R HHT B R, 1 2017 SESUREOR, AR pH (B BT ok
PGS, (Higdk EIE pH ERIR RN, T8 A A 4 R ] 1) 2 8 SRR A O Tt P
FOFHAAE I BRI AT RENE, Xt R IR K R A8 It _E R ) T

Table 3. Comprehensive evaluations of soil fertility status

F* 3. LIRBHEETFN

HAER L TITAL S L5 FRAREUFT)
The proportion of each grade Integrated fertility index
L(FI> 1(0.50< MI(025< IV@FI  “PHE kslE2E &M WKl TREHR
0.75) IFI<0.75) [FI<0.50) <0.25) Mena S Min Max CV%
<1600 m 0.00 32.56 67.44 0.00 0.47 0.11 0.27 0.73 23.40%
1600~1800 0.00 59.38 40.62 0.00 0.53 0.12 0.30 0.70 22.64%
2009~2010
>1800 6.25 50.00 43.75 0.00 0.53 0.12 0.29 0.79 22.64%
R Total 2.44 46.34 51.21 0.00 0.51 0.12 0.27 0.79 23.53%
<1600 m 4.00 36.00 48.00 12.00 0.48 0.15 0.19 0.80 31.25%
1600~1800 5.26 84.21 10.52 0.00 0.64 0.11 0.37 0.82 17.19%
2015~2017
>1800 0.00 56.67 41.67 1.66 0.51 0.11 0.21 0.74 21.56%
S Total 1.92 56.73 37.50 3.85 0.52 0.13 0.19 0.82 25.00%

SE b, CAEX EEAEYUREBAS, BT ImTEE, HA 2010 2 2017 FEIFFES, Sk
BEAIK 12.5% AR S, = AN BRI WL A BRAK, LA>1800 m g4k i i K (PR 31.07%),
XFER RS iR bR IR AR SR s A [E IR T R R BRAT O

TR A CERE . B AR KIS R S B R S B . FE
TR A S EIE H VG N 65~120 mgkg ' [14], PLIXAMRHER, AR 2010 482 2017 4E, (AR
TR A S G EH . W, 1600~1800 m 45 0 fif 2R = T oA Mg = B, TR R E B,
IR AR A A, XU B AT RS

2010 4EZ% 2017 M. MBS ERRAE LA, SR B S, S b R S F
695%, >1800 m JAEHK i B A et 1 B R TA B 962%, AN RMIRIS & &, AW RS R 5H AW
GERIEAR—F[15]1X 5145 pH (HAE R 564 — 80 BEAT DL 2 2 2 B A0 3 i RAS Tl R sEm, %08 X
FER SR BRI A K, S RAER 2 SRR, R bR g A, (g
BANEIAE A K2 51 R P -8 pH 2RI TS 16], HE bt SR 7 LAk, BRI e it A K
IR} I 123 2 FH R

BEE PR IS TR) A B, S R AT R KR FE St v, B B0 T4 o S0% AN 36.4% (14 1), 1X
F B AEAT 5, 2011~2017 4% X U B 4E 15\ 54 NiP,05:K,0 = 100:116:320 kg-hm ™, i MHFR 4
W S ELN 6~10 gv 1~1.5 g Fl 8~12 g/FR[17], #77ILL 8.0v 1.2, 10.0 g/tkiHEEMRA. B, # R
i, [EAWE 16500 BRI, WA TR ER. 8. #1500y 132, 19.8 Fl 165 kg, HULTT WA
ERAEMIE T K ERE, JER SR IR ARG REK. AR R, R B HR E i & T
bk B, RN SBETRRE, ARAEERANE €5 LR R, X n] LONET A e
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FIENE[18].

TR DAY, HEBRNELFEEFRITRZ —[19]. WHESEN 61.8%K H 1%, +HKEM:
T R AN AN EEIRAR20] (211, RUEEH0E B KSR S BN 20~30 mgkg ' [22], 2010 4F4
BRI X SR KA SR 11.41 £ 7.84 mgkg ', 2017 44 11.02 + 7.93 mgkg', WEET
0 )i w1 s eia = I 2 = e o [ N 1 ST N e 7 a0 i e S 1 2 AR 5 A e N 2
WE, AEEEK EEBKEER S ERA S, UEHEHON TG B B .

4.2. RSB MEREERKI R

2009~2010 FL5RFEH], LIEAPLT . EAH S B SR EE A, MAZHIEs . ke, pH
ik RE 7 2015~2017 SRR, S SR EE S, HARE F IR 2). Wik
SR L AR - e ) R, IR A I T B R e B T AR AL, WMV R AR A AL AR
f B B B A T A iR 11

pH (A 5 HPEFS 2 IEA G, SANRT. SRR R 2 U G 3% pH (A 5 LI%FR I C R
O KERIE6] [12], HOAMELRIEATEE B, KUAFEAR R/ TR SR&AF L
Tl 1) P55 St L3 pH B 5 75 0 2 (B R RIF M, (HRIE ML, Fra gy v L1 pH (45 L1
PEES . ACH MR BE R AE IEAHDG, XEARMIALGR 8, WHEE KREEE N, imEesES 119% pH |
MR R HINEE.

TFEE N IR OCE L, @ LT A A HUT I S B RS T SR 7 ) A
AT FE 7~ P U 2 L3R BT S S U R R 3 IR A DG, {H 2015~2017 SEAGAHSCHEEL 2009~2010 4
FHR R BRAK: 5t 8 2L 2 80 B35 U DG, I MIITET S SE T 338 WL vT DA L2 S B 5% 4 48
PRI

TS KIS MRS B E R R A i, AR R A T O
AR ER, PUCAEY S B SHENUR . ARE . SO S IR, 5HABR T Mk
K Fs 2009~2010 FKEMHEF SRR THMEEEE IEFIE, 2015~2017 FNE5HE VR AR HiL
WA R 2 IR A OG . IR A . AKIE S S BN EE AT R M, I 52 2 = Y
WS RE SRR, AHOC R AR B REAEXT AR . &P A E FR L R E K.

4.3. ZABDTENERERNZ=ER

CRAREJTHRAMERVR T R 8 FE AR A, b SR B R 2 s B B R, S Bk, Y
FRorerERE BIRJE, SEME SATTEC e, AR RN IR Bl A EUE I A . AN IE]
TEVE TR e R R AR B R, TR & BRSEE FRn R BUR A m v, AT 78 Hp s AL
WEAESE Sy S B, HAMAR AR IR L

M 2009~2010 4E % 2015~2017 SRR E LG R T, ok bR 122 S48 E IFI A T ik
3, [#3), XRFEZBE YA AT B, SR A KRS TTBR U PR, R
AR R R f oK, AT B MR X IFT EBEARTC R . [ ol LUE H, R e bRt IFT 5Tk 5 & e 4w 1)
WEMBLTEE S 5REEEBWIEARM R, XUBHBEELE IF1 0 oTEk ol g KT 58 1.

AR, PIIRES BB IR<1600 m iR TFT ARG T (EIE 6.98%), 1600~1800 m 4G [F IFT
{E B BT = (1R 20.76%), >1800 m 3K U RS A FEAR (P 7.23%), [FIEF, <1600 m. 1600~1800 m F1>1800
m PSR B S A R BRI 34.69% 26.02%- 39.02%411 24.03%. 15.38%- 57.69%, H] i,
THE R RBP4 &, T iR 0 IFTEAE RS, iR (>1800 m)ME 3% AN Belfd 2=m 4
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FRPR S B AE PR T BCE ARG, [RS8 = & R AR 8 et T S B PRI
YO TR AT REAESG N, Hy e mT WP AT b B A B v 2 — N R MR AR T EE . R AT A DR - 4
IR B D BETE 2 A s B it A DX P48 Tt I T 2 T A e O 3R I 0 A B R
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Figure 2. Correlation coefficient among elevation, pH and soil nutrients
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