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Ecological suitability evaluation of cigar planting in Yishui based on fuzzy clustering

Sun Feihu' 2 *, Liu Pingzeng" ? *, Meng Xianyong" # *, Chen Xiuzhai*, Zhang Chao’, Liu Li*
(1. School of Information Science and Engineering , Shandong Agricultural University, Tai’an, 271018, China ;
2. Key Laboratory of Intelligent Agriculture Technology of the Yellow and Huaihai Sea , Ministry of Agriculture and
Rural Affairs, Tai’an, 271018, China; 3. Agricultural Big Data Research Center , Shandong Agricultural University ,
Tai’an, 271018, China; 4. Shandong Linyi Tobacco Co.. Ltd., Linyi, 276003, China)

Abstract: Screening suitable areas for cigar planting and production through ecological adaptability evaluation is a prerequisite
for improving the yield and quality of cigar raw materials and promoting the development of cigar industry. Taking Yishui Cigar
Estate in Shandong Province as an example, using important climate indicators such as average temperature during the growth
period, temperature difference between day and night, active accumulated temperature of == 10 °C during the growth
period, relative humidity during the growth period, rainfall during the growth period and average daily sunshine hours during
the growth period, fuzzy clustering was carried out on 11 high-quality cigar tobacco areas at home and abroad, including Havana,
Binard de Rio and Shifang, and the corresponding CFI values of each region were obtained through the membership function. The
fuzzy clustering results showed that 11 regions could be divided into 4 categories, among which the climatic conditions of Yishui
were similar to those of Havana, Pinar de Rio, Dominica, Bahia, Shifang and other high-quality cigar growing areas at
home and abroad, and their climate suitability index CFI values were 0. 931, 0 963, 0. 956, 0. 944, 0. 932 and 0. 892,
respectively, especially Yishui and Dominica’s CFI index was the most similar. It is concluded that Yishui Cigar Estate has the
ecological and climatic conditions for growing high-quality cigars.
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1 . .
Tab. 1 Weight, membership function type and CFI
inflection point of each evaluation index 13 °
fual ) weather-atlas
0. 41 24 C~ 20°C, (https://www.weather-atlas.com/zh) ,
' 30 C 35C
=10 C 2
- 0. 29 2800 °C 2600 °C
700 —~ rou s A} A N
0. 06 % 50%
80% 90 % N . N . N N
0 08 500~ 300 mms, s =10 C ,
’ 600 mm 800 mm
b ’
016 600~ 300 h,
o b
800 h 1 000 h
2) R 2.1
R D 0 (D
. 3 o
CFI (5) o 2) o
n 40
CFI=> P, X, j=1.,2,3,=.m (5) ;
i—1
. n ; Tab. 3 Data standardization
Pj - ] H '131 }\’z k% k\ /{’; kh
X, — J . F, —0.1235—0 67410077 9 —0. 226 8 —0. 100 5 —0, 306 4
CFI F, —0.0797—0.5954—0.0506 0.8629—0.5910—0.4313
F, —14826 1.3145—1 7508 —0.7430—1 7382 0.9420
4 ’ 2 ° F, —0.2551 0.6966—0.2355 1.3791—0 2452 0. 25514
2 F, —0.2112 0.5842—0.1355 02320 10107 0 2554
Tab. 2 Cigar planting climate suitability classification Fe —10442 12021—0 9738—10297—0.2520 1 5038
F F1 F 1. 8492—19436 1. 7705—1.2018 12730 09420
c c Fg 1.8492—1.3819 17446 0.6908 0. 7485 0.5051
(0. 95,17 0. 7,0, 857 F, —0.8250—00337—0 7787 1 579 8—1 650 8—2 0543
(0. 85,0, 957 (0.0, 7] Fi, 02272 01348 02523—00547 1 2050—1 4301
F., 0.0956 0.6966 0.2354—1 4885 0.3405—0. 1816
CFI 0 10~1 00 .CFI X 2388 806 2897.82 7699 51595 799
2. 39 1. 87 310. 46 3. 66 107. 97 1. 68
;sCFI ’
4 R
Tab. 4 Fuzzy similarity matrix R
r T2 r3 ry rs s r7 s Ty 10 T
ri 1. 0000 0.8170 0.4504 0.6662 0.7219 0.5417 0.4460 0. 5215 0. 5172 0.7009 0. 703 0
7y 0. 817 0 1. 0000 0. 426 2 0.7556 0.6656 04642 0.3474 0.5137 0.6385 0.6349 0. 564 2
rs 0. 450 4 0. 426 2 1.0000 04877 0.4373 0.7195 0.0000 0.0517 0.3636 0 2705 0. 453 6
i 0. 666 2 0. 7556 04877 L. 0000 0.7407 0.5501 0. 243 1 0. 428 1 0. 5573 0.576 4 0. 542 0
rs 0.7219 0.6656 0.4373 0.7407 10000 0.6123 0.3766 0.4744 0.4041 07158 0. 702 3
rs 0. 5417 0.464 2 0.7195 0. 550 1 0. 612 3 1. 0000 01900 0.2054 0.2713 0.3939 0. 615 4
7 0.446 0 0.3474 0.0000 0.2431 0.376 6 0.190 0 1. 0000 0.6829 0.0096 0.3889 0. 419 6
rs 0. 5215 0.5137 00517 0. 428 1 0. 474 4 0. 205 4 0. 682 9 1.0000 0.1905 0. 4815 0. 4109
9 0. 517 2 0. 638 5 0. 363 6 0. 5573 0.404 1 0.2713 0.0096 0. 1905 1. 0000 04440 0. 333 2
10 0.7009 0.6349 0.2705 0.576 4 0.7158 0.3939 0.3889 04815 0 4440 1. 000 0 0. 6711
1 0. 7030 0.5642 0.4536 0.5420 0.7023 0.6154 0.4196 0.4109 0.3332 0.6711 1. 000 0
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Tab. 5 Fuzzy equivalence matrix R*
ri rs ri ri ri re r re re 1o i
ri 1. 0000 0.8170 0.6154 0.7556 0.7407 0.6154 0.5215 0.5215 0.6385 0.7158 0. 703 0
ry 0.8170 1L 0000 0.6154 07556 0.7407 0.6154 0.5215 05215 0.6385 07158 0. 703 0
ri 0.6154 06154 1L 0000 06154 06154 07195 05215 05215 06154 06154 0. 6154
ri 0.7556 07556 06154 10000 07407 06154 05215 05215 06385 07158 0. 703 0
re 0.7407 07407 0.6154 07407 1. 0000 0.6154 0.5215 05215 06385 07158 0. 703 0
re 06154 0.6154 0.7195 0.6154 06154 10000 0.5215 0.5215 0.6154 0. 61514 0. 615 4
ry 0.5215 05215 05215 05215 05215 05215 L0000 06829 05215 05215 0. 521 5
ri 0.5215 0.5215 05215 05215 05215 0.5215 0.6829 10000 05215 0 5215 0. 521 5
re 0.6385 0.6385 06154 06385 06385 06154 05215 05215 L0000 O 6385 0. 638 5
rio 0.7158 07158 0.6154 07158 07158 0.6154 0.5215 05215 0.6385 10000 0. 703 0
rii 0.7030 0.7030 0.6154 0.7030 0.7030 0.6154 0.5215 05215 0.6385 07030 1. 000 0
6 221
Tab. 6 Intercept matrix , 6°C ~35 °C ,
1 1 o 1 1 0o o 0 0o 11 ) 20 °C ~
1 1 o 1 1 o o 0o o 11 30T ; ;
0 1 0 0 1 0 0 0 0 0 .
1 1 0 1 1 0 0 0 0 11 =>10C =2 800 °C
1 1 0 1 1 0 0 0 0 1 1 , 2600 C .
0 0 1 0 0 1 0 0 0 0 0
o 0o 0o o o o 1 1 0 00 ! o8 ’ o
0 0 0 0 0 0 1 1 0 0 0 8 20°C~30°C
0 0 0 0 0 0 0 0 1 0 0 2967 5°C,
1 1 o 1 1 0 0 0 0o 11 , .
1 1 0 1 1 0 0 0 0 1 1
7
Tab. 7 Cluster analysis results
I ’ ’ ’ ’ 1 5—8 =10 C
Fig. 1 Monthly average temperature and accumulated
I ’ temperature change of =10 C from May to
I ’ August in Yishui
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Tab. 8 Comparison of the climate of Yishui with the main cigar producing areas at home and abroad
=10 °C
/C /C /h /mm /%
23. 6 2 874. 76 777. 0 505. 6 76. 2
23. 7 2 882 84 733. 7 455. 1 80. 0
23,3 2 828 12 644, 7 490, 7 81. 8
23. 4 2 857. 7 863. 0 620. 0 77. 8
24,4 29725 513. 76 640. 0 76. 8
24. 1 2 967. 5 895, 3 5510 71 8
CF1
Tab. 9 Scores of climate indicators and CFI values by region
~10°C
/c “re /h /mm /% o
0. 373 0. 290 0. 160 0. 080 0. 060 0. 963
0. 382 0. 290 0. 160 0. 064 0. 060 0. 956
0. 345 0. 290 0. 160 0. 077 0. 060 0. 932
0. 355 0. 290 0. 115 0. 073 0. 060 0. 892
0. 410 0. 290 0. 119 0. 066 0. 060 0. 944
0. 410 0. 290 0. 091 0. 080 0. 060 0. 931
3 (15, 18] o ’ ~ ~ ~
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Fig. 4 Extreme temperature fluctuations in
Yishui from May to August 2011 to 2022
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