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1 #RXE

BRI T, T T A6 . AR By, kb
WSl 1. W AL HAL, A TARS 123°27 ~
125°06", Jb 45 41°59' ~ 43°29' 2 [a] , -+ My i g X
12979.68 km?, Hi#ARE K. dbmmfk, w4 AR
BBA L1 B iz DX PG 505 L0 YT I P S Dt DX R i 5 X
Sfpe)E iRl KBTS, &F 9T, B
FRMEZW, WRFEY, AR, FRSH, F
SEEIRIRA 6.6 °C, AEF-YH BERSE] 2700 h, 4FFHy
R 650 mm!™, L T8 MR LA B AR IA T 2 B
P, 2019 AEERIS T A RLRAE EA T ARZY 1200 hm?,

2 HRSS

2.1 HEXE&E

+ SRR R T RIS T = R X, BRI JRT
(B . BEE ., PWEE . R SFES AR,
FES GO ILIE 1o SR TAEAE N RS R AT AT,
2019 4F 4 J1 15 H IR, 45 0 DR AR AT T AR K T
3.3 hm? B HBCON—AREERTT, fERFERITHE “S”
RUBR R S A SHHE L8, WAIRAE R
SHEIE 1 kg IBA TRERAS R, AW RIS s, &
WA BB, i, RSO . HOREREA
2244, HAIFET 954, BEE 674, FiER
62 1>,
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F41
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Distribution of soil samples collected in tobacco planting
villages

Fig.1

(Cu) B (Zn) | JKEHES (C1) B9, RHEA N,
A HLax (C) F H It E 7 Hr i ( Vario EL 111,
Elementar, Germany) & ; TIEA R Ca. Mgk
i 1 mol L' ZMREZIRFE, T+ Wl 70 066 B v
BT HAEEE RS I (Rt ) ik
HEATIURECS S RRIFR S bn - BAE I /- nifE a3k 1
JI7RUN, A - AJEAE it SR AR I A RGN o + 32 5
FEOT, SRR I A Ee,

#= 1 ERETEFSSEFERTNIRE
Table 1 Evaluation criteria of abundance and deficiency for nutrients in tobacco-planting soil
e
MR Grade
Evaluation index AR K EE WE =
Extremely low Lower Suitable Higher Extremely high

pH{H <45 45~55 55~7.0 7.0~75 >75
AU (gkg) <10 10 ~20 20 ~ 30 30 ~ 40 > 40
2R (gkg!) <05 05~1.0 1.0~2.0 20~25 >25
MR (mgke") <10 10~15 15~30 30 ~ 40 > 40
HHK (mgkg™) <80 80 ~ 150 150 ~ 220 220 ~ 350 > 350
A5 (mgkg™) <300 300 ~ 400 400 ~ 800 800 ~ 1200 > 1200
FiE (mgke) <25 25~50 50 ~100 100 ~ 150 > 150
AR (mgkg™) <02 02~0.5 05~1.0 1.0~3.0 >3.0
HREE (mgkg!) <05 0.5~1.0 1.0~2.0 2.0~4.0 >4.0
KIETEE (mgkg!) <5 5~10 10 ~ 30 30 ~ 40 > 40
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FIH A Fa br SR @ pR G 45 B A 57 53 P hm s
JEEEE (N, , RJE R E R Tk AR RN 7753
febroimkR, EIAE (W) , #E—0iHE RIELR S
RE S8 TFI0, WA (1)

IFI:EE (W, %N,) (D

SRIEJEEMHE . B8 RECRARE AN FE bR S
VEYHE RN R A 0 e Rk =, 7 LR
JE& BB 2l S RIFIHMIZR A, S R pRERF N + 15
T — B bR S BN, ARV R R R 2 R
. AHEA G FHE G X — SO0 8 T8 4
R R ECR S e — B FR bR AE— e JE I, VR at
S A, K FEI AR 2500, ST R i)
LAIREGA I A (2) 0 (3) .

1.0,(x > x,)

F(x) ={ 0.1+09(x—x)/(—x),(x; £x<xy)
0.1,(x < xy)

2

0.1, (x < x; Bix > xy)
0.1+09(x—x)/(—x1),(x; £x<xy)
1.0-09(x—x3) /(x4 —x3), (x5 £ x < xy)
10,(x; < x < X3)

F(x)=

(3
A x, Fornizdebs TR, x, #onizdgis LR, x,
1 x; TR 1Z A8 Am e e Rl ) T BRI B AP A
B S £ A AN AR E SR 200, i 52 0 i X A A
IR S SN PR AR ISR R, P, B
RILER 2,

x2 TRENEGIBRERBEE L EHE
Table 2 Types of membership functions and thresholds of soil fertility indicators

PPy L S
Al Parabola-type function S-type function
Turning point KR AHLBT e A ARG ARk AR Eepigan
value pH  Water soluble C1 Organic matter Total N Available P Available K Available Ca Available Mg Available Cu Available Zn
(mgkg") (gkg') (gkg') (mgkg') (mgkg') (mgkg') (mgkg') (mgkg') (mgkg')
X 4.5 5 10 0.5 10 80 300 25 0.2 0.5
X, 5.5 10 20 1.0 15 150 400 50 0.5 1.0
X; 7.0 30 30 2.0 30 220 800 100 1.0 2.0
X4 7.5 40 40 2.5 40 350 1200 150 3.0 4.0

A5 FE B PPN T bR S0 Bt 55 68 7 5 a5 (BT A
BRI A (2) AL (3) , RB& SRS
PSR E . ZEAT 0.1 ~ 1.0, {EBA AL .
VA T8 b S5 T B A X OO0 o 0 v A 7 ) 3 B 43 2
<0.4 FESE, 0.4~0.7 FP5E, >0.7 AiEH.

EARBCE AR A . 25 AE J1 36 bt e AR 7y
TTHRCRA IR, S ESCHRD, ARSCRI A SPSS

21.0 AT AR AR B G AT AL AT, oM T A
FARBR ST 7 225 AR A R 7 22 Z R L
{EAE R X TS bR BIAN

ISR 85 MIEAGE SR EEH, %
A D) RSN EEEAIE S fe 5k, H
IFL . MBS, ASCE IFLESERIEER] 2
AN, EARILE 3.

R3 SRISTHAEME IRAE SR EFRX 5

Table 3 The classification of soil fertility level in Tieling area

HEJ17KF-2E 2k —4% e =t Py s s
Fertility level Grade | Grade Il Grade Il Grade IV Grade V
T3

A3 7K S IF1>0.8 0.6 <IFI1<0.8 04<IFI<0.6 02<IFI<04 1IF1<0.2

24 HIEAIE

* H] Microsoft Excel 2019 F1 SPSS 21.0 % {4 %
AR H TS 5500, fdiH] IBM SPSS Statistics
22 BRSSO B A T G oA, B el i ROR A

7% (Undersampling ) 2 55 A [] b X 19358 5355040 1 4%
XA T —3%, SRJE M R 2% (One Way-
ANOVA) it W, P<0.05 P EAT 3%
KRR B 22 25 A TP VAT R4 R 5 1B Ty 25
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3.0 TEHEEERIE
TIEBZEE R AR ES R ME 4R, B

HIFFERIABEZIREE N 25 om FHEHRAR 2R R AR,
BRI LA 1 R 2R R Bk, TR AT A E

b s FEAR T IR B R R B R, (HZH X
JRIREEAERER . DA, AR, 2K
Mk 2R R ., A/ NT 1.27 gem?
SIHE A K BOE TE FECY . 5ET T, BRIGREAR T3S
HAE TS H AL AR R 37.61%, KERIAEARMLIX
TR

F4 HKEBAXDEHMEEEMEEGITER

Table 4 Descriptive statistics of soil plow layer thickness

and soil bulk density in Tieling tobacco-planting area

TR R s E
Soil plow layer thickness Soil bulk density
X3 - . AR e . BRERY /NF1.27 g em 3 H :
- B e T W mletnes oo A TL27 gem WAL
oefficient of Coefficient of Proportion of samples less
Range Mean + SD . Range Mean + SD . 5
(em) (em) variation (gem®) (gom™) variation than 1.27 g cm
(%) (%) (%)
TFIETT 10 ~20 13.82+2.59b 18.74 1.00 ~ 1.74 138+0.17a 12.45 31.71
B 12~16 14.13+1.20 a 8.53 1.03 ~1.76 1.35+0.19a 14.14 36.84
[EE==] 12~ 16. 1454+1.53a 10.52 1.00 ~ 1.68 1.33+0.18a 13.52 44.74

E: AR/PNEFRHFORAFEIX Z 2R BHE, P<0.05, TH.

IR FIRR
BRI AF 0 DX - 9 A2 BT T FE bR il e e 45
DLE% 5. AEMRHE pH (EAE 5.5 ~ 7.0 Z A5 NG HUS,
Z M 11 pH A T35 BV B RE AT L 88.84%,
BAREIRIRE . HHEA L. 4 N F R AR
T EFEE R, fAEREAEN, B 43.30%.
30.36% MIRESANL, &N SRR, #HAL P & &
Wi, s BRI RE S A7 L 94.2%, P R,
HAL K & AR T B T 18 BAKCE B S T
38.83%. 43.30%. AFFERIA R Ca B aib THAK
K5 95.28% MIHE s A RL Mg & i Ab AR - o
AR Cu, Zn i 2 SRR, AR Cu
AR TE K IR S 72.64%; AR Zn A
TFAE K PHIRE S Y 54.72%, Cu. Zn JTTEERERZ .
IR Cl B B RIE B RIS AR DX 3R T 45
Prm ANy, 278K (£6) . mE6 A, KA
2 X R FE S 2 0] 22 SRR, R AR S AE S
ZBmA, HAAR Co MIARL Zn &2 5 R AR
W, PR E A R Cu & BB AR R TE W B
(0.02~396 mgkeg") , Fem & EmlEEnN

3.2

=) B B e B
198 fi5 o BL=NHBIX Y- 24+ % K. A 5L Ca Fl
AR Mg SHRAEGIE LR gL, HEBRE
B3R K. A3 Ca FIVE R Mg iS5 B34
FIFET AP ER . FFEAT P EHEAR Zn &
L R E R S R T ER B A

i, HS5EKAMEERLY TR EES; BRIET
BB 1K P85, (HIR & A FR bRl B o A1 i il 4%
K (WMERK) ; WEERIFESESFErmIE, H
ML, &N, H3 P, A% Ca. A Mg, A% Cu
FERZEIE bt/ ME EE 8. BRE
MPGEEBR T HHEERL K. A% Ca, A% Mg Alf
B Znbb, HAbS TP IEA RS, Ui
PR b DXAF AR AT A A K 2 5

3.3 TIEEALZEETEN

330 BiskrEEEAA  RIE IR e bR R E
H (£ 7)), IIAFES A Cad&idMl,
56.6% M9 mi + 3% pH i Ik, 99.06%. 68.87%.
44.34% WY FE R AR Mg, AL Cu, FIARL Zn
SR, AEEMEAK . TR S e N A
I 70% RORES R P HAL K FUKYEE ClL & &
WEEMEAK, R, HEmER. PETTEREZ
24T S A AR A S A A E— 24T

332 BIEARAEM  ATEPRAHCRET LA R
A FHEAERECRT 03 (£ 8) o IR IEF
P B 5 BT 4 B FREEY R T 1, B
FUBTHR R IA 70.02% (£ 9) , Ui LR A AL
THEEREZD, RIESIE I f8E, & N,
P, BR Ca. AL Mg WAEAH L5 AR 1 K-
MR (BGERK, W 10) 5 FEE S48

RIEEEA, L8 pH, A&k Ca, B Mg, fi% Cu
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Table 5 Descriptive statistics of Tieling tobacco-planting soil chemical indicators

LRI (%)

Febn PH + bRz AR (%) Proportion of all levels
Index Mean = SD Coefficient of variation A K WEH e =)
Extremely low Lower Suitable Higher Extremely high
pHIA 4.89+0.63 12.78 25.90 62.94 10.27 0.00 0.89
FAHLET (gkg!) 22.16 +8.58 38.72 3.57 39.73 4331 10.71 2.68
4N (gkgt) 1.21+0.40 33.06 2.68 27.68 66.07 2.68 0.89
HEP (mgkg) 79.29 + 36.51 46.05 0.00 0.00 5.81 9.38 84.82
A (mgkg™) 253.88 + 185.51 73.07 4.46 34.37 17.86 23.21 20.09
FHRES (mgkg™) 71.14 + 48.67 68.41 100.00 0.00 0.00 0.00 0.00
Bk (mgkg!) 9.62 +£6.95 72.25 95.28 4.72 0.00 0.00 0.00
BREH (mgkg™) 0.80 +0.77 95.99 54.72 17.92 11.32 15.09 0.94
AR (mgkg™) 1.54+1.72 111.69 35.85 18.87 25.47 16.98 2.83
KM (mgkg™!) 13.14 £3.52 26.79 0.00 23.58 76.42 0.00 0.00
F= 6 HEETEEEIIECFERSITR
Table 6 Descriptive statistics of chemical indices of tobacco-planting soil in Tieling area
X%
E =27 Area
Index FFE T BEE [IE=E
Kaiyuan Changtu Xifeng
pHIE R 4.12~6.99 4.07 ~ 6.89 4.54 ~7.64
PIE + brifiz 4.73 +0.53 ab 463+038b 536+ 0.65a
BRFE (%) 11.13 8.30 12.13
AW (gkg) W 5.99 ~21.89 10.43 ~ 41.69 3.38~17.16
PIE + bR 13.14 + 3.06 ab 1736 +527a 837+2.67b
ARFE (%) 23.29 30.38 31.89
4N (gkg!) T 0.64 ~1.85 0.96 ~3.15 0.38 ~ 1.64
BIE + brifizs 121+0.19b 1.6+0.38a 0.83+0.26¢
BRI (%) 16.04 23.94 31.01
HEP (mgkg) W 27.43 ~200.89 18.6 ~172.98 17.78 ~ 141.57
PIE + brifiz 85.14+35.02a 85.56+41.8a 64.43+30.28 b
BRFE (%) 41.14 48.85 47.00
biREe| 10.64 ~ 648.82 74.46 ~914.73 53.18 ~ 574.36
K (mgkg!) PIE + bR 208.8+130.27 a 390.43 +237.34a 193.35+99.66 a
ARFE (%) 62.39 60.79 51.54
£%Ca (mgkg™") T 23.78 ~275.52 30.13 ~202.08 13.53 ~98.51
BIE + brifizs 7637 +54.16 a 83.52+40.38 a 427+2387a
BRI (%) 70.92 48.35 55.89
HREE (mgkg™) W 1.51~33.27 3.93 ~32.94 0.52 ~ 14.27
PIE + brifiz 10.13+6.43 a 11.4+6.65a 5.69+4.15a
BRFE (%) 63.42 58.32 72.90
HEH (mgke") W 0.16 ~2.91 0.02 ~ 1.53 0.02 ~3.96
PIE + bR 0.88 + 0.69 ab 0.47+0.51b 1.12+1.06a
ARFE (%) 78.37 109.54 94.95
HiEr (mgke") T 0.06 ~ 13.69 0.39 ~2.96 0.09 ~1.57
VIE + bz 1.86+2.17a 1.54 +0.84 ab 0.53+0.39b
BRZRE (%) 116.35 54.28 72.64
KA (mgkg!) bieni| 6.86 ~20.56 8.94 ~ 25.04 5.22~15.64
PIH + brifiz 13.96 + 4.18 ab 16.79 +4.38 a 10.15+33b
TRFE (%) 29.92 26.11 32.55

AR Zn WEH AR, T3S NEEE, %
It 30% B9 IEHRL P AL FTASE BKE, FATT AL

PR 2 A AR X - AL T3 7K P TR 32 2 R A
TohgEm R . P RS RA PRI TR
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Table 7 Descriptive statistics of subordination value of tobacco-planting soil fertility index in Tieling area
BRG] (%)
iz PIE + bRz RFE (%) Appropriate ratio
Index Mean = SD Coefficient of variation 1% 4 EH
Low Medium Suitable
pHfE 0.40 = 0.32 79.0 56.6 226 20.8
AHLR (gkg™) 0.89 +0.23 26.2 7.6 8.5 84.0
A (gkg!) 1.00 + 0.00 0 0 0 100
HAWE (mgkg™) 0.80 + 0.30 37.4 14.2 12.3 73.6
A (mgkg™) 0.81 +0.28 34.6 14.2 113 745
FHEE (mgkg™) 0.10 £ 0.00 0 100 0 0
B (mgkg) 0.11+0.05 47.7 99.1 0.9 0
BREA (mgkg!) 0.38 +0.40 105.9 68.9 1.9 29.3
AR (mgke") 0.58 +0.42 72.5 443 6.6 49.1
KinEE (mgkg!) 0.92+0.18 19.9 2.8 7.6 89.6
T8 TIEBLIIIEAN B FHE K REFEE(n=224)
Table 8 Correlation coefficient matrix of soil fertility evaluation factors
Heh SR O mEE ARUR ARGS AR AR A ORIER
Index pH Total nitrogen Available P Available K Organic matter Available Ca Available Mg Available Cu Available Zn Watercslo luble
pH 1.000  —0.289" -0.023 -0.178" -0.194" 0.076 -0.124 -0.019 -0.007 -0.301"
2R 1.000 0.231* 0.495™ 0.926™ 0.452" 0.462" 0.006 0.242" 0.163
TS 1.000 0.448" 0.134" 0.197 0.073 -0.109 0.067° 0.134
el 1.000 0.371* 0.461* 0.429* -0.024 0.047 0.121
HHLG 1.000 0.396™ 0.373" -0.026 0.284° 0.076
RS 1.000 0.818" —0.048 0.187 0.115
R 1.000 -0.021 0.218 0.158
R 1.000 0.148 —0.086
BB 1.000 —0.041
IKEEPES, 1.000
Fe T PSR RRTE0.O UK P A 7 FF S ARIC R AR TE0.057K I i A G
£ BROERRE
Table 9 Total variance
EULGERENR(EN FRECE T EA
Ay Initial eigenvalue Extract the sum of squares and load
Ingredient Hit T3 22(%) (%) a1t 5 22(%) H(%)
Total Squared difference Accumulation Total Squared difference Accumulation
1 3.368 33.679 33.679 3.368 33.679 33.679
2 1350 13.503 47.182 1.350 13.503 47.182
3 1.249 12.488 59.670 1.249 12.488 59.670
4 1.035 10.350 70.020 1.035 10.350 70.020
5 0.947 9.471 79.491
6 0.823 8.227 87.718
7 0.640 6.403 94.121
8 0.389 3.891 98.012
9 0.147 1.468 99.480
10 0.052 0.520 100.000
333 LIERef AR BRIGHINIX 3 IR Y KB AR B EIHBIX TFT F3 0.50, J&HEEAE K,

AT 0.30~0.79 ZIH) (£ 11) R4 3, K IF1 #2208
MR 5 B, PARIETEA S R AW . G
SORMAIX 325 A 8 8 O AR 5 I I
Pid . B, JFE. PUEFHL IF1F3 0.64. 0.61,
I 3 A M) 3 X R PR CED 0.6) , iR AL =45

ZCH X A ST O s B A R R AE S RO RCK
G55 MM ) S A AN B RHE , RGPS R —
AR T BEMIX AR S A AR AR AR
PR BRI, BRI b X BB B T — 45 Hb R 55
Hior A, M. S AEHL Y A 54.72%.
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Table 10 Common factor variance and weight of each fertility index
ity UNEREIE = L W EHEF
Index Common factor variance Weights Weight ranking
pH 0.723 0.103256 6
£ 0.861 0.122965 3
B 0.781 0.111540 4
A 0.644 0.091974 7
AL 0.770 0.109969 5
BRES 0.903 0.128963 1
A 0.882 0.125964 2
! 0.364 0.051985 10
AREE 0.461 0.065838 9
KBS 0.613 0.087546 8
Fz 11 DEEEBAOEREA ST
Table 11  Descriptive statistics of soil comprehensive fertility index
) RN Hﬂﬁ%z&ﬁfh (‘%).
[X 35§, Y + FRifEE JL T Fertility grade distribution
Coefficient of variation —
Area Mean + SD Range (%) A A = P4 T4
First class Second class Third class Fourth class Fifth class
FF IRl 0.64+0.07 a 0.50~0.79 10.26 0.00 79.55 20.45 0.00 0.00
EEE 0.50+0.10 ¢ 0.30~0.68 19.52 0.00 21.88 68.75 9.38 0.00
[IEER3 0.61+£0.04ab  0.47 ~0.67 7.18 0.00 53.33 46.67 0.00 0.00
BT 0.59+0.09b 0.30~0.79 15.67 0.00 54.72 42.45 2.83 0.00

42.45%; DUSEHL & LU, o 2.83%
4 THe

MRYGAS SCIPAN G5 SR, BRISAH I X B Z vk, A E
K, AT, AR EMASRMEK. MWRHHZEE,
UGB Z A S A 2 B R R A AR R —,
TRAS . BERI AT A RATHAUR)ZE S nd 25 B 1
R, UGB LR . A, YR
KR TEIBEE T2, TERHREE—Mh 10 ~ 13 em,
XS MHEE HAHREEA — 2, KILLUES
R, M AR R A, DI R e R
HOFUE P, BRIGHLIX B AR, B, AN
X+ BT, SRS AR RARR, 2FEBCAR
X B K22 R IR 2 —24; an 8 X />
+#Z, HEAUK. RICR AN 2, It E K,
FI . FEERE ML, BRI e, +
SERE ST HEFR AL 1 7K TS A X 42 1R o

FAN, RE TR 4E R R, BRI 1 X LA 4
B TEMEZ, B IFT SRR, BRI,
BRIGTHAE IR IX AA7E T3t . P Raddfl . BRI,
IR TR B Z RO R, R R R
R EZERIIEL, AMUERHIEAR Ca. Mg %
ERILB TR, A RS . P R E HAR
PERRAK . ARPRp F G INAFE 2 IR0, 1 2

)R B R N AR TR IE T A AN S, AR e R e
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Soil Fertility Characteristics and Comprehensive Evaluation of
Tobacco-planting Area in Tieling of Liaoning Province

LI Zheng-hao!, LIU Si-hong?, LI Jia-qi!, YUAN Ye?, BAI Jun-guo?, HE Yuan-wei?, ZOU Hong-tao'
(1. College of Land and Environment, Shenyang Agricultural University, Key Laboratory of Northeast Arable Land Conservation, Ministry
of Agriculture and Rural Affairs, National Engineering Research Center for Efficient Utilization of Soil and Fertilizer,

Shenyang 110866, China; 2. Tieling City Branch of Liaoning Tobacco Company, Tieling 112600, China)

Abstract: [Objective] This study aims to find out the soil fertility level and nutrient characteristics in tobacco-
Planting soils of Tieling area, in order to provide a foundation for the conservation and improvement of these soils.
[Method] The farmland soils of three tobacco-planting areas (Kaiyuan, Xifeng and Changtu in Tieling were collected
as research materials, and their basic physical and chemical indices were determined. Then, the fertility levels of local
tobacco-growing soils were evaluated though the principal component analysis method and fuzzy mathematics
comprehensive evaluation method. [Result] The results showed that: (1) The plough layer of soil in tobacco-planting
area was shallow. (2) Soils were serious acidized with relatively low contents of organic matter and total nitrogen,
excessive phosphorus, non-equilibrium potassium and deficient trace elements. (3) The comprehensive soil fertility
index (IFI) ranged from 0.30 to 0.79, with an average of 0.59. All the tobacco areas were dominated by the grade II
and grade II1. (4) The soil fertility level of the three tobacco-growing areas from high to low was Kaiyuan > Xifeng >
Changtu. [Conclusion] The levels of soil fertility are decreasing in the tobacco-planting area of Tieling due to the soil
degradation by the plantation of tobacco.

Key words: Tobacco-planting area; Soil fertility; Comprehensive evaluation; Tieling area
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