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Abstract Analytic hierarchy process (AHP) was used to distribute the weight of 10 evaluation indexes of flue-cured tobacco varieties
of regional trials in Sichuan province in 2016 for dynamic technique for order preference by similarity to ideal solution (DTOPSIS),
membership function was used for optimizing dimensionless treatment of chemical evaluation indexes of DTOPSIS, and then DTOPSIS
was used for comprehensive evaluation of varieties. The weight of yield, proportion of superior tobacco, output value, leaf number, stem
circumference, plant height, nicotine content, total sugar content, potassium content and black shank disease index was 0.090 2, 0.235 1,
0.301 4, 0.035 1, 0.021 7, 0.021 7, 0.057 1, 0.035 1, 0.035 1 and 0.167 6, respectively. The comprehensive evaluation order of new
varieties in planting areas in Southwest Sichuan was ‘Yunyan87°>‘SCT01°>‘Hongda’>‘K326°>‘09011°>‘X4’>‘X3’, the order in South
Sichuan  was ‘K326’>Yunyan87°>‘09011°>‘SCT01°>X3">X4’, and the order in  North  Sichuan  was
‘09011’>Yunyan87°>‘X4’>‘SCT01°>X3’. The results of this study show that further experiments and demonstrations of ‘SCT01’
could be conducted in plant areas in Southwest Sichuan, '09011' has the potential to be used as a good variety in plant areas in North
Sichuan, and the corresponding cultivation measures of ‘X3’ and ‘X4’ should be improved. This research would provide scientific basis
for the screening, identification and promotion of new flue-cured tobacco varieties, and enrich the evaluation system of new flue-cured
tobacco varieties.
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Under different environmental conditions, the expression patterns of specific genes in the same plant are different
(Ren et al., 2019; Yuan et al., 2019), which is one of the main reasons for the obvious differences in traits. Therefore,
the comprehensive evaluation of crop varieties in different ecological planting areas is an effective way to promote
new varieties. Planting areas of Sichuan flue-cured tobacco can be divided into Southwest Sichuan (Liangshan
Prefecture and Panzhihua City), South Sichuan (Luzhou City and Yibin City) and North Sichuan (Guangyuan City)
(Zeng et al., 2019). Southwest Sichuan tobacco area mainly belongs to subtropical monsoon climate, and the main
dominant varieties are 'Yunyan87', 'Hongda' and 'K326'. Southern Sichuan tobacco area mainly belongs to
subtropical humid climate, and the main dominant varieties are "Yunyan87' and 'K326'. Northern Sichuan tobacco
area mainly belongs to subtropical humid monsoon climate, and the main dominant varieties are "Yunyan87'.

DTOPSIS (Dynamic technique for order preference by similarity to ideal solution) can be used to solve the problem
of multi-index evaluation and sequencing, and it has been one of the important methods for comprehensive
evaluation of crop varieties. At present, DTOPSIS has been successfully used in the comprehensive evaluation of
Maize (Zea mays L.) (Song et al., 2020), cotton (Gossypium spp.) (Ma et al., 2015) and other crops, and also reported
in the comprehensive evaluation of tobacco (Aconitum carmichaeli Debx.) (Sun et al., 2012; Zhou et al., 2012; Yao
et al., 2020). This evaluation system needs to determine the weight of each evaluation index, but most of the
predecessors used subjective empirical valuation method and expert method, which led to the lack of scientific basis
for the weight allocation (Wu et al., 2012). In addition, DTOPSIS commonly uses the optimal value of dimensionless
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treatment of nicotine, total sugar, kalium and other neutral indicators with appropriate range (Sun et al., 2012; Zhou
et al., 2012), which leads to the reduction of the evaluation index grade within the appropriate range and affects the
comprehensive evaluation results. If the membership function is used to nondimensionalize these neutral indexes,
more scientific and accurate results can be obtained (Yao et al., 2020). Analytical hierarchy process (AHP) is a
weight distribution method combining qualitative analysis and quantitative analysis, which is widely used in
comprehensive evaluation of varieties (Wu et al., 2012; Ma et al., 2019) and comprehensive evaluation of quality
and safety (Wang et al., 2017).

The goal of Sichuan flue-cured tobacco breeding is high quality and disease resistance. In 2016, Industrial Crops
Research Institute, Sichuan Academy of Agricultural Sciences, Sichuan Institute of Tobacco Science, etc. carried out
popularization identification of new flue-cured tobacco varieties in three flue-cured tobacco ecological regions of
Sichuan according to the requirements of national tobacco regional test. It is generally the comprehensive character
performance rather than the single index that determines the extension of new varieties. Therefore, AHP was used to
provide scientific and reasonable weights for DTOPSIS method, membership function was used for optimizing
dimensionless treatment of chemical evaluation indexes of DTOPSIS, and then DTOPSIS was used for
comprehensive evaluation of varieties. This research would provide scientific basis for the screening, identification
and promotion of new flue-cured tobacco varieties.

1 Results and Analysis

1.1 Weight analysis

1.1.1 Construction of judgment matrix

After fully soliciting the opinions of tobacco breeding, cultivation, plant protection experts, and combining with the
existing references on comprehensive evaluation of tobacco (Sun et al., 2012; Zhou et al., 2012; Yao et al., 2020), 10
indexes including yield, proportion of superior tobacco, output, leaf number, stem circumference, plant height,
nicotine content, total sugar content, kalium content and black shank index were selected as comprehensive
evaluation indexes. The 1~9 comparison scale method proposed by SATTY was used to compare each index in pairs
(Deng, 2018, Zhejiang University, pp.27-32; Li et al., 2019), and the judgment matrix A4 (Table 1) was constructed.
1.1.2 Calculation and test of weight vector

According to AHP theory, the weights can be assigned by square root method, sum product method, characteristic
root method and logarithmic least square method (Wu et al., 2012). AHP is a general method of multi-index weight
distribution, which is widely used in variety comprehensive evaluation (Wu et al., 2012; Ma et al., 2019). In this
study, the square root method was used to calculate the weight vector and carry out the consistency test (Table 2).
The calculation process is as follows: (1) Multiply the factors in each row of judgment matrix 4 to get the vector
M=[M; M> M; -+--:M,]”, and the calculation formula is M; = }‘lel-j,i =123 .....n. (2) Vector M= M ;
M Ms e M,J" is calculated by formula M; = \rA—L . (3) Normalize the vector M; to get the weight vector W,
and the calculation formula is W;= M/ X" i-1M;.

1.1.3 Consistency test

1on AW

(1) Maximum eigenvalue of judgment matrix 4 ) &i=1 Errar‘ (2) General consistency index of judgment

matrix CI= A ,4/(n-1). (3) Consistency ratio CR= CI /RI, the RI value of 10 order matrix is 1.49. CR=0.016 9<0.1,
the judgment matrix is consistent, and the weight distribution of evaluation index is reasonable (Wu et al., 2012;
Deng, 2018, Zhejiang University, pp.27-32; Li et al., 2019).
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Table 1 Judgment matrix 4

Indexes Yield Proportion Output Number of Stem circum- Plant Nicotine Total Kalium Black

(kg/hm?) of superior (yuan/hm? leave ference (cm) height (cm) content sugar content shank
tobacco (%)) (piece) (%) content (%) (%) index

Yield 1 173 /5 3 4 4 2 3 3 12

(kg/hm?)

Proportion 3 1 12 7 9 9 5 7 7 2

of superior

tobacco (%)

Output 5 2 1 7 9 9 6 7 7 3

(yuan/hm?)

Number of  1/3 1/7 /7 1 2 2 12 1 1 1/6

leave (piece)

Stem 1/4 1/9 1/9 12 1 1 1/3 12 12 /7

circumference

(cm)

Plant 1/4 1/9 1/9 12 1 1 1/3 12 12 1/7

height (cm)

Nicotine 12 /5 1/6 2 3 3 1 2 2 1/4

content (%)

Total sugar  1/3 /7 /7 1 2 2 12 1 1 1/6

content (%)

Kalium 1/3 /7 /7 1 2 2 12 1 1 1/6

content (%)

Black shank 2 12 1/3 6 7 7 4 6 6 1

index

Note: The content of total sugar and potassium is expressed by mass percentage (Yao et al., 2020)

Table 2 Related data of weight vector calculation

Indexes i Wi AW;

Yield (kg/hm?) 1.3994 0.090 2 09158
Proportion of superior tobacco (%) 3.6474 0.2351 24036
Output (yuan/hm?) 4.6763 0301 4 3.1946
Number of leave (piece) 0.5439 0.0351 0.3551
Stem circumference (cm) 0.336 1 0.0217 02211
Plant height (cm) 03361 0.0217 02211
Nicotine content (%) 0.886 6 0.057 1 0.581 8
Total sugar content (%) 0.5439 0.0351 0.3551
Kalium content (%) 0.5439 0.0351 0.3551
Black shank index 2.5999 0.167 6 1.7290

1.2 Construction of evaluation matrix B

The evaluation matrix B (Table 3) was constructed by taking the average value of each index data of Liangshan
Prefecture and Panzhihua City as the data of planting area in Southwest Sichuan, taking the average value of each
index data of Luzhou City and Yibin City as the data of planting area in South Sichuan, and taking the data of
Guangyuan City as the data of planting area in North Sichuan.
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Table 3 Evaluation matrix B

Planting areas Variety Yield Proportion Output Number Stem Plant Nicotine Total sugar Kalium Black
(kg/hm?) of superior (yuan/hm?) of leave circumfer height content content (%) content shank
tobacco (%) (piece) ence(cm) (cm) (%) (%) index
Planting areas 09011 2353.50 25.83 43257.33 18.95 11.45 117.95 2.89 27.39 1.85 332
in Southwest 3 2095.50 24.69 4025456 17.55 1155 11110268  30.01 225 497
Sichuan X4 2 035.50 28.13 41381.72 17.20 12.00 111.95 2.56 2891 211 4381
SCTO01 2190.75 33.79 4725448 18.20 11.60 108.65 2.37 26.71 224 298
k326 2 118.75 28.87 42 841.13 18.70 10.40 102.50 2.60 26.96 1.98  2.86
Yunyan87 2 027.25 32.89 46282.12 17.50 10.05 108.90 2.37 25.14 202 231
Hongda 1 857.00 38.76 43 602.36 14.70 11.40 109.00 2.26 27.92 249 390
Planting areas 09011 2 158.50 31.06 4513424 1925 9.75 114.75 2.98 26.25 198 2.82
in South Sichuan X3 1995.75 26.41 36 143.03 19.60 10.30 106.45 2.55 25.84 252 5.64
X4 2 033.25 25.40 38204.77 17.15  9.75 98.70 2.87 26.98 241 521
SCTO01 2071.50 28.19 41782.16 19.00  9.90 105.00 2.29 27.25 221 226
k326 2132.25 28.81 45608.83 18.50 945 107.80 2.48 25.46 245 0.78
Yunyan87 1 843.50 34.29 42160.85 17.00  9.70 90.50 2.37 28.07 230  1.99
Planting areas 09011 1 494.00 18.36 25263.54 1630  8.20 63.60 2.61 27.34 1.98  8.61
in North Sichuan X3 1474.50 16.34 22471.38 1580  8.60 65.50 2.49 28.87 221 16.06
X4 1242.00 18.10 19983.78 14.60  8.20 55.00 2.86 26.95 229 1270
SCTO01 1399.50 17.92 22 853.84 1620  7.90 60.80 2.38 27.89 233 19.73
Yunyan87  1263.00 20.45 2287293 1620  7.40 67.60 2.35 26.98 2.05 10.29

1.3 Dimensionless treatment of evaluation index

Yield, proportion of superior tobacco, output, leaf number and stem circumference were positive indicators, plant
height and black shank index were negative indicators, and nicotine content, total sugar content and kalium content
were neutral indicators (Sun et al., 2012; Zhou et al.,, 2012; Yao et al.,, 2020). Positive indicators were
nondimensionalized with Z;=b;i/bjm.., and negative indicators were nondimensionalized with Z;=b;ui»/b; . Parabolic
membership function P(x) was used for optimizing dimensionless treatment of nicotine and total sugar content (The
lower critical value x; of total sugar and nicotine was 10 and 1, respectively; Upper critical value x> was 35 and 3.5,
respectively; The optimal lower critical value x3 was 20 and 2, respectively; The optimal upper critical value x4 was
28 and 2.5, respectively) (Yao et al., 2020). S-type membership function S(x) was used for optimizing dimensionless
treatment of kalium content (The lower critical value x; was 1, and upper critical value x> was 2.5) (Yao et al., 2020).
The calculation formulas were (1) and (2) respectively. The evaluation matrix B was divided into planting areas and
normalized matrix Z was obtained after dimensionless treatment (Table 4).

0.1x < xy,x > x5

09(x —xy)/(x3 —x1) +0.1x; < x < x3
P(x) = 1x3(§ x S)xf : @
1-09(x —x,)/(x; —x)x, <X <X,
1x > x,
S(x) =10.9(x — x1)/(x2 — x1) + 0.1x; < x < x,(2)
0.1x < x;

1.4 Calculation of decision matrix R
The weight value W; (Table 2) of each index was multiplied by the j column in the normalized matrix Z to obtain the
decision matrix R (Table 5).



MolBreed Publisher*

Molecular Plant Breeding 2021, Vol.12, No.8, 1-9
http://genbreedpublisher.com/index.php/mpb

Table 4 Normalized matrix Z

Planting areas Variety = Yield  Proportion Output Number of Stem Plant  Nicotine Total Kalium Black
(kg/hm?) of superior (yuan/hm?) Leave circumference height content sugar content shank
tobacco (%) (piece) (cm) (cm) (%) content (%) (%) index
Planting 09011 1.0000 0.666 4 09154 1.0000  0.9542 0.8690 0.6490 1.0000 0.6100 0.695 8
areas in X3 0.8904 0.6370  0.8519 09261 09625 0.9226 0.8380 0.7416  0.8500 0.464 8
S?uthwest X4 0.8649 0.7257 0.8757 0.907 7 1.000 0 09156 0.9460 0.8830 0.766 0 0.480 2
Sichuan SCTOl 09308 0.8718 1.000 0 09604  0.966 7 0.9434 1.0000 1.0000 0.844 0 0.7752
k326 09003 0.744 8 0.906 6 09868  0.8667 1.0000 0.9100 1.0000 0.688 0 0.807 7
Yunyan87 0.8614 0.848 6 0.979 4 09235  0.8375 0.9412 1.0000 1.0000 0.712 0 1.000 0
Hongda 0.7890 1.0000 0.9227 07757 09500 0.9404 1.0000 1.0000 0.994 0 0.592 3
Planting 09011 1.0000 0.905 8 0.989 6 0.982 1 0.946 6 0.788 7 0.568 0 1.000 0 0.688 0 0.276 6
areas in X3 09246 0.7702 0.792 5 1.000 0 1.000 0 0.8502 0.9550 1.0000 1.000 0 0.138 3
South X4 09420 0.7407 0.8377 08750 09466 0.9169 0.6670 1.0000 0.946 0 0.149 7
Sichuan SCTOl 09597 0.8221 09161 09694 09612 0.8619 1.0000 1.0000 0.8260 0.345 1
k326 09878 0.8402 1.000 0 09439 09175 0.8395 1.0000 1.0000 0.970 0 1.000 0
Yunyan87 0.854 1 1.000 0 0.924 4 08673 09417 1.0000 1.0000 0.9910 0.8800 0.3920
Planting 09011 1.0000 0.8978 1.000 0 1.0000  0.9535 0.864 8 0.9010 1.0000 0.688 0 1.000 0
areas in X3 0.9869 0.7990 0.889 5 0.969 3 1.000 0 0.8397 1.0000 0.888 1 0.826 0 0.536 1
North X4 0.8313 0.8851 0.7910 08957 09535 1.000 0 0.676 0 1.000 0 0.8740 0.678 0
Sichuan SCT01 09367 0.8763 0.904 6 09939 09186 0.904 6 1.0000 1.0000 0.898 0 0.436 4
Yunyan87 0.8454 1.000 0 0.905 4 09939  0.860 5 0.8136 1.0000 1.0000 0.7300 0.836 7
Table 5 Decision matrix R
Planting areas Variety Yield Proportion  Output Number Stem Plant  Nicotine Total sugar Kalium Black
(kg/hm?) of superior (yuan/hm?) of leave circumfere height  content content (%) content shank
tobacco (%) (piece) nce(cm) (cm) (%) (%) index
Planting 09011 0.0902 0.1567 02759 0.0351 0.0207 0.0189 0.0371 0.0351 0.0214 0.1166
areas in X3 0.0803  0.1498 02568  0.0325 0.0209 0.0200 0.0478 0.0260  0.0298 0.0779
S?uthwest X4 0.0780 0.170 6 02639  0.0319 0.0217 0.0199 0.0540 0.0310 0.0269 0.0805
Sichuan SCTO01 0.0840 02050 03014  0.0337 0.0210 0.0205 0.0571 0.0351 0.0296 0.1299
k326 0.0812 0.1751 0.273 3 0.0346 0.0188 0.0217 0.0520 0.0351 0.0241 0.1354
Yunyan87 0.0777  0.1995 02952  0.0324 0.0182 0.0204 0.0571 0.0351 0.0250 0.1676
Hongda 00712 02351 0.278 1 0.0272 0.0206 0.0204 0.0571 0.0351 0.0349 0.0993
Planting 09011 0.0902 02130 0.298 3 0.0345 0.0205 00171 0.0324 0.0351 0.024 1 0.0464
areas in X3 0.0834 0.1811 02388 0.0351 0.0217 0.0184 0.0545 0.0351 0.0351 0.0232
South X4 0.0850 0.1741 02525 0.0307 0.0205 0.0199 0.0381 0.0351 0.0332 0.0251
Sichuan SCTO01 0.0866 0.1933 0.276 1 0.0340 0.0209 0.0187 0.0571 0.0351 0.0290 0.0578
k326 00891 0.1975 03014 0.0331 0.0199 0.0182 0.0571 0.0351 0.0340 0.1676
Yunyan87 0.0770 0.2351 02786  0.0304 0.0204 0.0217 0.0571 0.0348 0.0309 0.0657
Planting 09011 0.0902 02111 03014 0.0351 0.0207 0.0188 0.0514 0.0351 0.0241 0.1676
areas in X3 0.0890 0.1879 0.268 1 0.0340 0.0217 0.0182 0.0571 0.0312 0.0290 0.0899
North X4 0.0750 0208 1 02384  0.0314 0.0207 0.0217 0.0386 0.0351 0.0307 0.1136
Sichuan SCTO01 0.0845 0.2060 02727  0.0349 0.0199 0.0196 0.0571 0.0351 0.0315 0.0731
Yunyan87 0.0763  0.2351 02729  0.0349 0.0187 0.0177 0.0571 0.0351 0.0256 0.1402
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1.5 Calculation of "ideal solutions' and '"negative ideal solutions"

According to formula X'=(maxrj maxri ****** maxrj), calculated the "ideal solution" by planting area, and formed
the "ideal solutions" matrix X" (Table 6). According to formula X'=(minri; minri ****** minr;), calculated the
"negative ideal solution" by planting area, and formed the "negative ideal solution" matrix X" (Table 7).

Table 6 "Ideal solutions" matrix X*

Planting areas Yield Proportion  Output Number of  Stem Plant Nicotine Total sugar Kalium Black

(kg/hm?) of superior (yuan/hm?) leave (piece) circumfer height (cm) content content (%) content shank
tobacco (%) ence (cm) (%) (%) index

Planting areas 0.0902 02351 0.301 4 0.0351 0.0217 0.0217 0.0571 0.0351 0.0349 0.167 6

in Southwest

Sichuan

Planting areas 0.0902 02351 0.301 4 0.0351 0.0217 0.0217 0.0571 0.0351 0.0351 0.1676

in South Sichuan

Planting areasin ~ 0.0902 0.235 1 0.301 4 0.0351 0.0217 0.0217 0.0571 0.0351 0.0315 0.1676

North Sichuan

Table 7 "Negative ideal solutions" matrix X

Planting areas Yield Proportion Output Number Stem Plant Nicotine Total sugar Kalium Black

(kg/hm?) of superior (yuan/hm?) of leave circumfer height (cm) content content (%) content shank
tobacco (%) (piece) ence (cm) (%) (%) index

Planting areas 0.0712 0.149 8 02568  0.0272 0.0182 0.0189 0.0371 0.0260 0.021 4 0.0779

in Southwest Sichuan

Planting areas in 0.0770 0.174 1 0.2388  0.0304 0.0199 0.0171 0.0324 0.0348 0.024 1 0.0232

South Sichuan

Planting areas in 0.0750 0.1879 02384  0.0314 0.0187 0.0177 0.0386 0.0312 0.0241 0.073 1

North Sichuan

1.6 Calculation of distance between varieties and "ideal solution" and "negative ideal solution"

Euclidean norm was used to calculate the distances between varieties and "ideal solution" and "negative ideal
solution" (Sun et al., 2012; Zhou et al.,, 2012; Yao et al.,, 2020). The calculation formulas were &) and @
respectively, and the calculation results were showed in the Table 8.

) 2

+
X

i 3)
{ i=123,.... ,m

st = [ T=1 Ry —

=T ®y-x 0 [i=123,..m @
1.7 Calculation of relative approximation
According to formula®), the approximate degree between the tested varieties and the "ideal solution" was calculated.

C,=8"/)(5F+57)i=123...m ®

1.8 Comprehensive analysis of evaluation results

According to the order of Cj, the maximum is the best variety for comprehensive evaluation. The comprehensive
evaluation order of new  varieties in  planting areas in  Southwest  Sichuan  was
“Yunyan87°>‘SCT01’>‘Hongda’>‘K326°>‘09011°>X4’>‘X3". The comprehensive evaluation result of 'SCTO1'
was worse than that of "Yunyan87', but better than that of ‘Hongda’ and 'K326', which indicated that further
experiments and demonstrations of ‘SCT01’ could be conducted in plant areas in Southwest Sichuan. The
comprehensive evaluation results of '09011', 'X3' and 'X4' were worse than those of "Yunyan87', ‘Hongda’ and
'K326', which indicated that the cultivation measures of '09011', 'X3' and 'X4' should be improved in Southwest
Sichuan.The order in South Sichuan was ‘K326’>‘Yunyan87°>‘09011">‘SCT01°>‘X3">X4’. The comprehensive
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evaluation results of all the new varieties were worse than those of the control varieties, which indicated that the
cultivation measures of all the new varieties should be improved in South Sichuan. The order in North Sichuan was
‘09011°>Yunyan87°>X4’>‘SCT01’>X3’. The comprehensive evaluation of '09011' was better than that of
"Yunyan87', which indicated that further experiments and demonstrations of ‘09011° could be conducted in plant
areas in northern Sichuan. The comprehensive evaluation of 'SCTO01', 'X3' and 'X4' was inferior to that of "Yunyan87',
which indicated that the cultivation measures of 'SCT01', 'X3' and 'X4' should be improved in northern Sichuan.

Table 8 Comprehensive evaluation

Planting areas Variety S* S C Ranking of Output Output value ranking
comprehensive evaluation (yuan/hm?)
Planting arcas 09011 0.1000 0.0493 03301 5 4325733 4
in Southwest X3 0.1328 0.0175 0.1167 7 4025456 7
Sichuan X4 0.1158 0.0303 02074 6 4138172 6
SCTO1 0.0490 0.0923 0.6532 2 4725448 1
K326 0.0752 0.0685 04766 4 42841.13 5
Yunyan87 0.0398 0.1121 07381 1 46282.12 2
Hongda  0.0751 0.0942 0.5564 3 4360236 3
Planting areasin 09011 0.1263 0.0759 03754 3 4513424 2
South Sichuan X3 0.1666 0.0269 0.1390 5 36143.03 6
X4 0.1638 0.0194 0.1056 6 3820477 5
SCTO1 0.1204 0.0608 03355 4 41782.16 4
K326 0.0379 0.1618 0.8104 1 45608.83 1
Yunyan87 0.1054 0.0882 04555 2 4216085 3
Planting arcasin 09011 0.0259 0.1177 08194 1 25263.54 1
North Sichuan X3 0.0971 0.0417 03005 5 2247138 4
X4 0.0906 0.0461 03374 3 1998378 5
SCTO1 0.1031 0.0450 03036 4 2285384 3
Yunyan87 0.0426 0.0911 0.6812 2 2287293 2

2 Discussion

Comprehensive evaluation of varieties is an important link in breeding. DTOPSIS is a new general method for
comprehensive evaluation, which is widely used in recent years. It uses the relative approximation between varieties
and ideal solution to quantify the comprehensive characteristics of varieties, overcomes the subjectivity of previous
comprehensive evaluation, and has been widely used in the comprehensive evaluation of crop varieties (Li et al.,
2018). The key to the application of DTOPSIS lies in the weight distribution and dimensionless treatment of each
character. When determining the weight value of each evaluation character, for the same crop with basically the
same breeding goal, different researchers often give different weight values according to their own experience, which
has a certain degree of subjective randomness (Wu et al., 2012). When DTOPSIS method was used to deal with
neutral indexes with the most suitable range, such as total sugar, nicotine and kalium, the optimal value was
generally used for dimensionless treatment, resulting in the reduction of neutral index grade within the suitable range.
For example, it is generally considered that the optimal range of nicotine is 2~2.5% (Sun et al., 2012; Zhou et al.,
2012; Yao et al., 2020), while the optimal value is 2.5% (Sun et al., 2012; Zhou et al., 2012) according to DTOPSIS
method. When the nicotine content of 2% and 2.5% was nondimensionalized, the data may be significantly different,
and this significant difference can be transmitted to the final evaluation results, but in fact, both of them are in the
optimal range of nicotine, so there should be no significant difference after dimensionless treatment. Yao et al. (2020)
introduced parabolic membership function to deal with nicotine and total sugar content dimensionless and introduced
S-type membership function to deal with potassium content dimensionless, so that the evaluation results in the
optimal range were the same and obtained more accurate evaluation results.
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This study combines the existing mature evaluation methods AHP and DTOPSIS, and makes partial optimization on
the dimensionless link of DTOPSIS with reference to the research results of Yao et al. (2020). The comprehensive
evaluation ranking results are basically consistent with the traditional ranking results with the output value as the
goal. The results of this study are based on one year's regional test data, using the optimized combination evaluation
method to carry out comprehensive evaluation. The universality of the evaluation method in the comprehensive
evaluation of flue-cured tobacco, and the verifiability of the evaluation results need to be further studied.

3 Materials and Methods

3.1 Experiment materials

In 2016, project team of flue-cured tobacco varieties in Sichuan regional trials arranged the regional test of
flue-cured tobacco at five test sites in Liangshan Prefecture, Panzhihua City, Luzhou City, Yibin City and
Guangyuan City (Table 9). After fully soliciting the opinions of tobacco breeding, cultivation, plant protection
experts, 10 indexes including yield, proportion of superior tobacco, output, leaf number, stem circumference, plant
height, nicotine content, total sugar content, kalium content and black shank index in 2016 regional test sites were
selected as comprehensive evaluation indexes. 2016 new flue-cured tobacco varieties in Sichuan regional trials were
‘09011°, °X3’, ‘X4’ and ‘SCTO1’. "Yunyan87', 'K326' and 'Hongda' were selected as control varieties in Liangshan
experimental site. "Yunyan87' and 'K326' were selected as control varieties in Panzhihua, Luzhou and Yibin City.
"Yunyan87' was selected as the control variety in Guangyuan experimental site. The plot area of the experimental site
was 48 m%, and the plots were randomly arranged with three repetitions. Yunyan87 was cultivated around the plot as
a protective row. All vrieties were managed according to the local tobacco standardized production technology.

Table 9 Distribution of experimental locations of new flue-cured tobacco varieties in Sichuan

Planting areas Experimental locations of regional trials

Planting areas in Southwest Sichuan Yimen Town, Huili County, Liangshan prefecture
Pingdi Town, Renhe district, Panzhihua City

Planting areas in South Sichuan Dazhai Township, Gulin County, Luzhou City

Daba Township, Xingwen County, Yibin City
Planting areas in North Sichuan Pu'an Town, Jiange County, Guangyuan City

3.2 Evaluation index and determination method

The proportions of superior tobacco and output were calculated according to the 42-grade national standard
classification method (Zhou et al., 2012). The leaf number, stem circumference and plant height were determined
with YC/T142-2010. The disease index was determined with GB/T23222-2008. The contents of total sugar, nicotine
and kalium content were determined by continuous flow analysis.

3.3 Evaluation method

After fully soliciting the opinions of tobacco breeding, cultivation, plant protection experts, and combining with the
existing references on comprehensive evaluation of tobacco (Sun et al., 2012; Zhou et al., 2012; Yao et al., 2020), 10
indexes including yield, proportion of superior tobacco, output, leaf number, stem circumference, plant height,
nicotine content, total sugar content, kalium content and black shank index were selected as comprehensive
evaluation indexes. The comprehensive evaluation was mainly carried out according to the following 6 steps (Wu et
al., 2012; Deng, 2018, Zhejiang University, pp.27-32). (1) AHP method was used to determine the weight of 10
evaluation indexes. (2) The evaluation matrix B was constructed by taking the average values of the index data of
Liangshan, Panzhihua, Luzhou, and Yibin experimental sites. (3) DTOPSIS positive index model was used for
dimensionless treatment of yield, proportion of superior tobacco, output value, leaf number and stem circumference.
DTOPSIS negative index model was used to deal with plant height and black shank index. The total sugar content
and nicotine content were treated by parabolic membership function. S-type membership function was used to deal
with potassium content. Finally, the normalized matrix Z was obtained. (4) According to the weight determined by
AHP method, the decision matrix R was calculated. (5) The "ideal solution" and "negative ideal solution" were
calculated according to planting areas, and the distances between varieties and "ideal solution" and "negative ideal
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solution" were calculated with Euclidean norm. (6) Calculated the approximate degree C; between the tested varieties
and the "ideal solution", and the size of C; indicated the relative advantages and disadvantages among varieties.
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