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Abstract

Aims Our objective is to provide a scientific basis for optimization of tobacco planting.

Methods First, we analyzed the ecological factors that impact tobacco’s cultivation and quality. Second, we ap-
plied ARCGIS spatial analysis to obtain elevation and slope factors. Third, we obtained the vegetation index, sur-
face temperature, soil moisture and solar radiation factor based on conventional remote sensing models. Fourth,
we used Kriging interpolation to encrypt the geochemical data. Then we applied AHP analysis to establish a com-
prehensive evaluation system for tobacco cultivation.

Important findings Several environmental factors have a major impact on tobacco distribution, growth and
quality. These include light, temperature, soil type, rainfall, soil moisture, altitude, slope and heavy metal pollu-
tion. These factors are also essential for optimizing allocation of tobacco cultivation. The spatial distribution of
tobacco cultivation in the experimental area needs to be optimized.

Key words comprehensive analysis model, ecological environment, ecological suitability, space technology,
spatial layout optimization, tobacco
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Fig. 1 Ecological environment comprehensive evaluation process of tobacco planting based on space technology. MODIS: moder-
ate-resolution imaging spectroradiometer; SRTM: Shuttle Radar Topography Mission.
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Table 1 Hierarchy analytic process matrix

A B, B, B; By B, C, C, B, C; Cy Cs B; Cs G, B, Cq Cy Cio Cu

B, 1 4 3 2 C 1 2 C; 1 3 3 Cs 1 5 Cg 1 2 3 5
B, 1/4 1 2 1 C, 172 1 Cs 1/3 1 2 C; 1/5 1 Co 172 1 2 3
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B4 12 1 2 1 Cn 1/5 173 12 1
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1 indicates that the two factors are same importance; 3 indicates that the former factor is slightly important than the latter; 5 indicates that the former
factors is significantly important than the latter; 7 indicates that the former factor is strongly important than the latter; 9 indicates that the former factor
is extremely important than the latter; 2 means the importance is between 1 and 3; 4 means the importance is between 3 and 5; 6 means the importance
is between 5 and 7; 8 means the importance is between 7 and 9. If the importance ratio of factor i and factor j is a;;, then the importance ratio of factor j
and factor i is a;= 1/a; A refers to the target layer, B refers to the rule layer, and the B; means the i-th element of rule layer; C refers to the index layer
and the C; means the i-th element of index layer.
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Fig. 2 Hierarchy of tobacco planting suitability evaluation index system. TVDI, temperature/vegetation dryness index.
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Table 2 Largest eigenvalue and eigenvectors of Matrix

A-B B,-C; B,-C; Bs-C; B+C;
B Ci(K) Ci(K) Ci(K) Ci(K)
0.487 2 0.666 7 0.593 6 0.833 3 0.4829
0.183 3 03333 0.249 3 0.166 7 0.2720
0.116 4 0.157 1 0.1570
0.213 1 0.088 1

Amax =4.096 8 Amax =2.000 0 Amax =3.053 6 Aax=2.000 0 Apnax=4.014 5

A-BIR 1 H AR 2 S HE N 2 A R R K IO AIE ) /Ry B~CAR
HHAEI e 5B S MR AR bR R0 2 Cr (KA MR AE T 2 A I FF
(IER

A-B is the feature matrix of the eigenvectors which are composited by
target layer and rule layer; B~C; is the feature matrix of the
eigenvectors which are composited by rule layer’s element B; and the
index layer’s elements C; (K). A, is eigenvalue.

R3 A2 MBEHL U AR (CR)
Table 3 Random consistency ratio (CR) of the layers

A-B B-C; B,-C; B;-C; Bs+C;
B; Ci(K) C:(K) C(K) Ci(K)
C[=0.0323 CI=0 CI=0.0268 CI=0 CI=0.0048
RI=0.8900 RI=0 RI=05200 R/I=0 RI=0.8900

CR=10.0363 n<2 CR=00515 n <2 CR=0.0054

A-BFRIR i1 H AR 2 5 N AL R R B B-C 3 FR I 2 T
EB AN R E U CE) AR [ . REAS-BIBEHL— 2t
fabr; COy— 38Uk fahr .

A-B is the eigenvectors which are composited by target layer and rule
layer; B-C; is the feature matrix of the eigenvectors which are
composited by rule layer’s element B; and the index layer’s elements C;
(K). RI is the average random consistency ratio; CR is the random
consistency ratio.
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Table 4 Total weight of tobacco planting suitability index
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WG RE MR ST B 5 P, 454525 X 2005422010
S 4 R YR PR 2 ) 0 A P 38 SR ) 5 S b 18] A %

GRS BUE Weight B, #(H Weight B,

B E Weight B

B Weight By VE ks SAE

Evaluation factor 0.4872 0.183 3 0.116 4 02131 Total weight of suitability index (C;*)
IR Altitude C, 0.666 7 0 0 0 03248

WE Slope C, 03333 0 0 0 0.162 4

S Air temperature Cs 0 0.593 6 0 0 0.108 8
KBH#ESH Solar radiation Cy 0 0.249 3 0 0 0.045 7
TVDHE¥ TVDIindexCs 0 0.157 1 0 0 0.028 8

T HFH Land use Cs 0 0 0.833 3 0 0.097 0

L 1A Soil type C, 0 0 0.166 7 0 0.019 4
ffiy5 4 Arsenic pollution 0 0 0 0.4829 0.1029
495 9% Cadmium pollution 0 0 0 0.2720 0.058 0
IK{54%% Mercury pollution 0 0 0 0.1570 0.0335
Hi¥5 4% Cu pollution 0 0 0 0.088 1 0.018 8

O Ly 0 0.026 8 0 0.004 8 Clow =0.031 6
Consistency index (CI)

BBl Pk FebiRandom 0 0.52 0 0.890 0 Rl =1.410 0

consistency index (R/)
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Table 5 Tobacco planting suitability evaluation index
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T A B JH oA A IR B SR AP W ik

INEER Y §i s

PP #8458 Evaluation index AR JEPRFRFE Index scale
Weight BOE & YOG AT
Most appropriate 4 Suitability 3 Relative suitability 2 Inappropriate 1
Cl g4k Altitude (m) 0.3248 1400-1 800 12001 400 8001 200 <800
1 800-2 000 2 0002200 >2 200

C2 JiBE Slope (°) 0.1624 <15 15-20 20-25 >25
C3 Sl Temperature (C) 0.1088 >19 18-19 17-18 <17

4 = gy
c4 H lfjj(m%% . > 0.0457 >20000 18 00020 000 15 000-18 000 <15 000

Daily mean solar radiation ( kJ-m ™)
C5 T 5354 Drought index 0.0288 0.2-0.4 0.4-0.6 0.6-0.8 >0.8
e Ll
i ¥y o _

C6 LHiAIHZEAY Land use type 0.0970 KM Paddy field Nonirrigated farmland

_ . 0.0194 ZI¥E, %1 KA, B PR ikt

g m
C7 LHERAL Soil type Red soil, purple soil ~ Paddy soil, yellow soil Yellow-brown soil ~ Limestone soil
C8 fifij5 4% Arsenic pollution (mgkg™)  0.1029 <15.01 15.01-20.00 20.00-22.50 >22.50
C9 #ay5 4+ Cadmium pollution (mgkg™) 0.0580 <0.32 0.32-0.50 0.50-0.70 >0.70
C10 7K¥5%¢ Mercury pollution (ngkg") 0.0335 <111 111-148 148-227 >227
C11 454 Cu pollution (ug'g™) 0.0188 <50 50-75 75-150 >150

6 UK DA SRR RS B ESE ST

Table 6 Tobacco planting suitability level statistics of the counties in the experimental area

X 32k I I&H Most appropriate 1&H Suitability YUEH Relative suitability
Region A e S R e i, e
Area (hm?)  Arable land ratio (%) Area (hm?)  Arable land ratio (%) Area (hm®)  Arable land ratio (%)
YR Luxi County 17 032.5 34.9 223923 45.9 61215 8.4
R #EE Mile County 26 671.7 24.2 27 864.5 253 96 525 5.8
fiFt 5 Shiping County 10 941.2 255 10515.4 245 92 583 14.4
2K H Jianshui County 27 042.1 342 19 870.6 252 52483 44
AMHE Gejiu County 2936.2 15.2 9079.0 47.0 48 452 16.7
%2 5 Mengzi County 4987.7 14.9 23120.2 68.8 13 208 2.6
JTiEE Kaiyuan County 15 909.3 18.4 15 627.8 18.0 100 554 7.7
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Fig. 3 Spatial distribution of tobacco planting suitability grade level in the experimental area.
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Table 7 Spatial distribution suitability of tobacco planting in 2010
IZiEIi F)@ B, Most appropriate J&E'H. Suitability IXIE'H. Relative suitability
Region T A (%) B (%) T C(*%)  D(%) T E(e)  F(%)
Area (hm?) Area (hm?) Area (hm?)

ViPEEL Luxi County 2635.1 27.7 15.5 4017.1 423 17.9 161.3 1.7 4.0
P EL Mile County 2963.3 28.4 11.1 1947.1 18.7 7.0 258.2 25 4.0
41 5% £ Shiping County 875.7 12.6 8.0 1511.0 21.7 14.4 504.6 7.2 8.2
/K EL Jianshui County 19182 27.8 7.1 631.3 9.1 32 173.2 2.5 5.0
AHE Gejiu County 338.8 28.7 11.5 175.5 14.8 1.9 44.1 3.7 1.4
%2 B E Mengzi County 525.2 12.2 10.5 525.0 122 23 39.1 0.9 4.4
JFiz B Kaiyuan County 658.6 25.7 4.1 322.7 12.6 2.1 94.0 3.7 1.4
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TOARIR E 43 b D, A3 B XA TR AR o 38 DX T AR PR 1 3 Bl B, A7 T 008 e R A T AR o R TE AR IR o0 bl F, A7 T B PR 0 T
By Yo o DT AR IR B 20 B

A, the percentage of the tobacco area in the most suitable area of the tobacco area; B, the percentage of the tobacco area in the most suitable area of the
most suitable area; C, the percentage of the tobacco area in the suitable area of the tobacco area; D, the percentage of the tobacco area in the suitable
area of the suitable area; E, the percentage of the tobacco area in the relative suitability area of the tobacco area; F, the percentage of the tobacco area
in the relative suitability area of the relative suitability area.

doi: 10.3724/SP.J.1258.2012.00047



54 FHMAEZL2EIR Chinese Journal of Plant Ecology 2012, 36 (1): 47-54

VG EJE A I T0% 73 AT AE A AR IR R
DAk, L H RIS JR R 0 RS 03 o 38 TR A e 2B 2 M
RV T RR 14 33.4%, BT AR K IR R % (]
WEIE. AR E. dAKE. MRE. FAEMTTE
SR SRR AR — P A A AR S A BIE B R
ZE [N AK, i FLIX 28 B AT L 75 % (14 3 5 Pl oA )5 A
{1 - 3t GRIRBAT 13 BT A, DRI 2 B s A
FELI 2 (W) S A A Rp 2t — Ak o

Bl B KA LIER B (2008BAKS0BO1) A= F [
s A2 24 (20080430586) 8. Bt = 4 5%
I KR & Z AR N 8] A0 KA R FHRAFE R
IAEF LT e H B,

S 3k

Dong XQ (Eiff#10), Xu H (1), Yang XP (##%ME), Yang Y
(#5), Zhou GC (JAH:FR) (2005). GIS-based study of a

suitability
regionalization in Yunnan Province. Chinese Journal of
Agrometeorology (1 Bl &N H), 26(1), 16-19. (in
Chinese with English abstract)

Fu P (2000). 4 Geometric Solar Radiation Model with
Applications in Landscape Ecology. PhD dissertation,

method of flue-cured tobacco planting

Department of Geography, University of Kansas,
Lawrence. 75-82.

Gillies RR, Carlson TN, Gui J, Kustas WP, Humes KS (1997).
A verification of the ‘triangle’ method for obtaining
surface soil water content and energy fluxes from remote
measurements of the normalized difference vegetation

(NDVI) and
International Journal of Remote Sensing, 18, 3145-3166.

Guérif M, Duke CL (2000). Adjustment procedure of a crop

model to the site specific characteristics of soil and crop

index surface radiant temperature.

using remote sensing data assimilation. Agriculture,
Ecosystems and Environment, 81, 57-69.

Jiang YM (¥#£B), Cui WH (4 %), Dong QL (FEHIAK),
Peng GX (¥ )%/HE) (2010). Study on the 60-year’s
temperature variation in China on multiple time scales.
Ecology and Environment (FAMEER), 19, 2017
2022. (in Chinese with English abstract)

Lu KD (ffi#t%<), Huang WH (3Hi1E), Xiao HQ (ML),
Zhang C (7Kif), Xie BC (#fffi7k) (2008). Application of
climatic factors’ gridding technology in tobacco-planting
regionalization in Hunan Province. Chinese Journal of
Ecology ("E#&5%E), 27, 290-294. (in Chinese with
English abstract)

www.plant-ecology.com

Li XF (HI%75), Wang YL (EME), Zhang YL (FKE4),
Shen YC (HJGAT) (2007). Research on agricultural func-
tions regionalization and sustainable development strategy
of ecologically vulnerable environment in the west of
China—a case of Yanchi County in Ningxia Hui Autono-
mous region. Journal of Natural Resources (3R ¥FIH 2~
), 22, 177-184. (in Chinese with English abstract)

Qi SH (G¥ik4k), Wang CY (LK), Niu Z (“F#r) (2003).
Evaluating soil moisture status in China using the
temperature/vegetation dryness index (TVDI). Journal of
Remote Sensing (REIE2%H1), 7, 420-427. (in Chinese with
English abstract)

Saaty TL, Bennett JP (1997). A theory of analytical hierarchies
applied to political candidacy. Behavioral Science, 22,
237-245.

Sandholt I, Rasmussen K, Andersen J (2002). A simple
interpretation of the surface temperature/vegetation index
space for assessment of soil moisture status. Remote
Sensing of Environment, 79,213-224.

Shao Y (HE%+) (2006). Research on Tobacco Rotation Planning
in Yunnan Province (2 F 8 ¥ R AERIKITIT). Science
Press, Beijing. 2—6. (in Chinese)

Wu MQ (Rifii®), Cui WH (BEHi%), Li JG (Z5HNl) (2007).
Monitoring drought in mountainous area based on
temperature/vegetation dryness index (7VDI). Arid Land
Geography (TR XHu¥#E), 30, 30-35. (in Chinese with
English abstract)

Xu ZC (VF AR, Li YY (BWFYT), Xiao HQ (HIXHz), Wang L
(ZE#K) (2008). Evaluation of ecological factors and flue-
cured tobacco quality in tobacco-growing areas in southern
Hunan, China. Journal of Plant Ecology (Chinese Version)
(AR, 32, 226-234. (in Chinese with English
abstract)

Yang X (#1), Wu JT (RE %), Yan F (J514), Zhang J (7Ki%)
(2009). Assessment of regional soil moisture status based
on characteristics of surface temperature/vegetation index
space. Acta Ecologica Sinica (‘EZ52#4R), 29, 1205-1216.
(in Chinese with English abstract)

Zhai WX (B 304k),Wang S (E4&F), Huang XJ (3% %4>), Du
WX (F13C2), Zhong TY (FlUK#) (2007). Applicability
evaluation on the natural resources of organic agriculture
—a case studies from Lishui County, Jiangsu Province.
Chinese Journal of Eco-Agriculture (1 [E AR ML 224HR),
15, 169—172. (in Chinese with English abstract)

ST Z: FMIEE SUEge: 4




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [3000 3000]
  /PageSize [595.276 841.890]
>> setpagedevice


