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plants was studied _iaS€ities and years in the desired time period. For this purpose, the regression
relationship of cultivated area, cumin production and yield of each city with climatic parameters was
drawn. Also, the similarity percentage of the cities of Razavi Khorasan province in terms of vyield,

production and cu ted area factors was investigated at the similarity level of 75%.

Results and Discussion: The results showed that among the cities of the province, Sabzevar had the
highest percentage of irrigated area, percentage of irrigated production and ratio of irrigated and rainfed
yields to the average of the province. The highest percentage of the total cultivated area and rainfed
production of cumin was also allocated to Taibad. Also, the lowest percentage of cultivated area and

irrigated production of this product was observed in Dargez.
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According to the results of the research, the production of this product in irrigated and rainfed condition
during different years in cities of the province was different and had changes, which may be one of the
reasons for that, the existence of weather fluctuations and the effect of climatic parameters on production.
Among the cities of the province, Sabzevar and Taibad had the highest average production of irrigated and
rainfed cumin during 1995 to 2020, respectively. Climatic parameters such as altitude above sea level,
precipitation and temperature were effective on the cultivated area, production and yield of cumin, so that
with the increase of climatic parameters, the investigated traits of cumin showed an increasing trend. In
the clustering of different cities of Khorasan Razavi province, in terms of cultivated area, production and

yield of cumin, the cities of the province were placed in 7 clusters. The first cluster inclfided the cities of

Bakhrez, Zaveh, Fariman, Bajestan, Joghataie, Roshtkhar, Jovein, Chenaran, Darghz, Torga
Sarkhs, Qochan and Kalat. The cities of Torbat Heydarieh, Khaf, Khalilabad, Firuzeh, ad, and
Mashhad were placed in the second cluster, the cities of Bardaskan and Torbat Jam i cluster, the
cities of Khoshab and Neyshabour in the fourth cluster, and Gonabad and Mahval the fifth cluster.

The cities of Taibad and Sabzevar were also placed in separate branches.

Conclusion: According to the results of the research, the cultivated uction and yield of cumin

medicinal plant were different under the influence of climatic parameters and in the investigated time

period in different cities of Razavi Khorasan province, but in ge
this plant in Sabzevar was more than another !@ws of thi

above sea level, rainfall and temperature, the cultivated_ al

al, the cultivated area and production of
n% Also, with the increase in altitude
d‘/&r"oduction of this product showed
an increasing trend. It should be noted that choo ducts"lat are climatically compatible with the
region and also are better economically can help the fafmer's production stability. Also, in with the arid

and semi-arid climate, replacing @gought-resistant pl with low water requirements can be effective in

more efficient use of wategresou
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Table 1. Investigating the percentage of cultivated area, production and yield of cu
cities of Khorasan Razavi province
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Rainfed yieldto  Irrigated yield - ™S s ercentage of & o 25 2
the average of  to the average of %?rfginr}]?e%e The percentage P irrigatgd The percentage City
the %%\(/)lnce the %%\(/)mce production of rainfedarea  production  Of irrigated area
0.644 1.160 0.226 0.145 0.053 0.066 Bakharz; ».
0.548 1.328 0.122 0.135 2.720 2.775 Bajestan ot
1.020 1.184 10.623 11.247 9.659 9.807 Bardaskan -S>
0.994 1.260 19.926 17.912 9.675 10.022 Taibad L.t
0.537 1.506 6.409 7.098 8.332 7.251 Torbat jamel>- = 5
1.145 1.369 4.648 4.404 4574 3.858 torbat heydarieh ). . 5
0.000 1.378 0.000 0.000 2171 2.454 Joghataie sta-
0.547 0.000 0.337 0.232 1.765 2.268 Jovein -, s
0.114 0.526 0.023 0.035 0.108 0.111 Chenaran
0.827 1.144 2.043 2.149 1.525 1.574 Khalilabad st/ =
1.067 1.130 4.914 5.003 2.398 3.060 Khaf sl =
1.689 1.288 12.378 9.631 3.394 3.761 Khooshab s ;=
1.050 0.083 0.564 0.591 0.006 0.004 Dargaz 5,
0.321 1.159 0.712 0.375 2.165 2.369 Roshtkhar i gz,
0.540 1.076 0.068 0.047 0.074 0.085 zaveh.,|;
2.892 2.857 7.566 7.088 34.386 32.161 Sabzevar i
1.196 0.038 1.758 2.188 0.026 0.050 Sarakhs .=
1.521 0.754 0.583 0.421 0.510 0.436 Farimanol., 3
1.363 1.009 2.003 2.058 1.271 1.506 Firuzeh.;, 5
1.898 0.494 2.688 2.351 0.114 0.111 Quchanol- 3
1.092 1.160 2.197 5.176 0.476 0.587 Kashmar ,._sis
1.298 0.386 1.914 1.840 0.031 0.043 Kalat s
0.554 1.017 2.254 2.103 3.610 4.593 Gonabad.Lts”
1.539 1.286 1.943 2.155 0.357 0.343 Mashhad ez
0.854 1.362 2.049 2.226 7.333 6.590 Mahvalatoy; «

1.293 0.995 6.504 7.942 2.730 3.597 Neyshabour , 5Lz
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Table 2: Cultivated area of irrigated Cumin during 1995 to 2020 in
Razavi province
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1es of Khorasan

o2 s Mwﬁh beb sjbtfw K?u?h S e r; bat Sy
as ona abze 00S orba orba :
Neyshabour  Mavalat ad ad var ab Khaf heydarieh jam Taibad  Bardaskan
1000.0 - 30.0 800.0 0.0 - 100.0 3000.0 800.0 10000.0 - 1374
1000.0 - 0.0 550.0 0.0 - 100.0 1500.0 300.0 3000.0 300.0 1375
500.0 - 0.0 400.0 1000.0 - 300.0 500.0 500.0 1000.0 100.0 1376
800.0 - 200.0 450.0 2600.0 - 350.0 600.0 350.0 1200.0 80.0 1377
270.0 - 5.0 400.0 1300.0 - 300.0 1100.0 450.0 2550.0 130.0 1378
240.0 - 5.0 700.0 1700.0 - 230.0 1700.0 500.0 1200.0 130.0 1379
200.0 1008.0 13.0 710.0 2750.0 - 150.0 112.0 510.0 685.0 170.0 1380
360.0 2690.0 58.0 910.0 7400.0 - 410.0 150.0 830.0 730.0 660.0 1381
280.0 2210.0 63.0 860.0 5650.0 - 640.0 110.0 550.0 410.0 1080.0 1382
515.0 1250.0 63.0 1050.0 6000.0 - 650.0 100.0 700.0 20.0 1100.0 1383
550.0 500.3 63.0 900.0 6028.0 - 602.0 70.0 - 45.0 1100.0 1384
550.0 620.0 63.0 575.0 4828.0 - 504.0 100.0 - 60.0 1100.0 1385
550.0 620.0 70.0 575.0 4601.5 - 204.0 40.0 450.0 60.0 1100.0 1386
300.0 0.0 20.0 245.0 1066.0 - 24.0 24.0 - - 0.0 1387
300.0 280.0 20.0 225.0 1846.0 - 274.0 75.0 695.0 180.00 1650.0 %ggg
175.0 328.0 0.0 175.0 1350.0 400.0 580.0 95.0 750.0 130.0 1320.0 1390
175.0 0.0 0.0 200.0 1350.0 400.0 400.0 95.0 800.0 130.0 1500.0 1391
- 600.0 0.0 200.0 1350.0 400.0 350.0 150.0 800.0 250.0 1500.0 1392
- 750.0 - 290.0 1750.0 520.0 - 230.0 1100.0 400.0 1500.0 1393
180.0 800.0 0.0 350.0 1850.0 560.0 240.0 190.0 920.0 400.0 1550.0 1394
150.0 500.0 - 350.0 1845.0 450.0 250.0 10.0 800.0 350.0 1550.0 1395
100.0 178.0 - 350.0 810.0 290.0 140.0 10.0 560.0 300.0 1490.0 1396
140.0 215.0 0.0 580.0  990.0 365.0 358.0 25.0 1550.0 825.0 2800.0 1397
0.0 400.0 54.0 100.0  700.0 300.0 200.0 96.0 1800.0 730.0 2000.0 1398
385.0 250.0 69.0 160.0  879.0 280.0 390.0 99.0 1100.0 700.0 900.0 1399
379.1 694.7 36.2 484.2 2385.7 396.5 322.8 407.2 764.3 1056.5 1033.75 ,\7?;
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Table 3: Cultivated area of rainfed Cumin during 1995 to 2020 in some of cities of Khorasan Razavi
province
_ 4 <
el R PPN g sLLE g ol ol g 4 yde ol sLb s
Neyshabour Mavalat Mashhad Gonabad Sabzevar Khooshab  Khaf Torbat  Torbat Taibad Bardaskan
heydariech  jam
0.0 - 10.0 500.0 3000.0 1300.0 1700.0 5000.0 20000.0 - 1374
0.0 - 300.0 0.0 3000.0 - 1500.0 2500.0  2000.0 8000.0 5000.0 1375
2000.0 - 400.0 0.0 4000.0 - 700.0 2000.0  2000.0 5000.0 2000.0 1376
3900.0 - 700.0 650.0 800.0 - 2470.0 2220.0 6150.0 8500.0 2900.0 1377
3572.0 - 400.0 500.0 2600.0 - 3900.0 2100.0 3900.0 8100.0 2950.0 1378
0.0 - 200.0 0.0 0.0 - 0.0 1400.0 0.0 0.0 1253.0 1379
238.0 558.0 225.0 0.0 810.0 - 0.0 62.0 0.0 0.0 1150.0 1380
740.0 850.0 201.0 0.0 460.0 - 45.0 200.0 0.0 25.0 2800.0 1381
900.0 1396.0 890.0 0.0 280.0 - 785.0 400.0 0.0 840.0 2500.0 1382
1200.0 750.0 800.0 0.0 350.0 755.0 300.0 0.0 0.00 2050.0 1383
1250 0O 250 0O 200 O 00 250 0O - 200 0O 180 0O - 57 0 1550 0O 1284
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Table 4: Production of irrigated cumin during 1995 to 2020 in som@f cities of
province
. =
JIRER Y e dgta ity S o i P o sLG oS
Neyshabour Mavalat Mashhad Gonabad Sabzevar Khooshab Khaf h;/%rgrailéh Torbat Taibad Bardaskan
jam
400.0 - 15.0 400.0 0.0 - 100.0 3000.0 800.0 6000.0 - 1374
450.0 - 0.0 250.0 0.0 - 100.0 1050.0 180.0 1800.0 180.0 1375
125.0 - 0.0 80.0 300.0 - 120.0 264.0 150.0  200.0 25.0 1376
400.0 - 110.0 180.0 1093.0 - 193.0 360.0 175.0  720.0 32.0 1377
87.0 - 3.0 124.0 520.0 - 120.0 550.0 180.0 1147.0 42.0 1378
74.0 - 2.0 175.0 663.0 - 28.0 765.0 190.0 516.0 39.0 1379
84.0 512.0 7.0 298.0 1375.0 - 45.0 37.0 230.0 336.0 68.0 1380
216.0 1691.0 32.0 519.0 4688.0 - 185.0 63.0 498.0  365.0 290.0 1381
174.0 1458.5 35.0 473.0 3390.0 - 288.0 495 385.0 205.0 497.0 1382
299.0 862.0 26.0 577.5 3600.0 - 292.0 50.0 400.0 8.0 495.0 1383
220.0 350.3 26.0 523.0 3328.0 - 240.6 35.0 - 23.0 506.0 1384
194.0 434.0 29.0 330.5 2428.0 - 200.4 38.5 - 33.0 495.0 1385
194.0 434.0 44.0 302.5 3266.5 - 70.8 14.5 360.0 33.0 495.0 1386
65.0 0.0 30.0 76.3 536.0 - 5.8 4.5 - - 0.0 1387
165.0 182.0 50.0 71.0 2352.0 - 96.0 98.0 556.0 63.0 825.0 1388
- - - - - - - - - - - 1389
70.0 230.0 0.0 44.0 860.0 180.0 232.0 57.0 450.0 65.0 594.0 1390
70.0 0.0 0.0 50.0 560.0 180.0 160.0 57.0 480.0 65.0 675.0 1391
- 360.3 0.0 50.0 560.4 180.1 122.1 135.1 480.4 90.1 750.6 1392
- 510.0 - 116.0 1170.0 260.0 - 105.0 770.0 204.0 1012.0 1393
81.0 544.0 0.0 140.0 1350.5 268.8 120.0 85.5 690.0 244.0 1147.0 1394
63.4 370.0 - 148.0 1408.3 214.1 148.0 4.8 507.5 2220 1179.9 1395
40.0 89.0 - 157.5 410.0 145.0 60.2 4.5 3420 1830 1200.0 1396
56.0 107.5 0.0 261.0 500.0 182.5 190.0 15.0 1116.0 523.0 1400.0 1397
0.0 200.0 29.7 60.0 560.0 240.0 112.0 72.0 1350.0 621.0 1481.8 1398
310.0 180.0 414 108.8 747.0 224.0 289.0 73.3 913.0  525.0 738.0 1399
448.1 21.8 220.6 1426.6 207.5 146.6 279.5 509.2  591.3 590.3 ok
166.8 Mean
S8 ol Ll Lo ol 5l golani 3 VYRR LIYYF oL (b )0 w002 uadgi 10 Jgur
Table 5: Production of rainfed cumin during 1995 to 2020 in some of cities of Khorasan Razavi
province
ol Yy 4o sl SLLs Jozm g by e fr‘? s Sady
eyshabour Mavalat Mashhad Gonabad Sabzevar Khooshab Khaf heyc()jrarail(teh J%rmat Taibad Bardaskan
0.0 - 4.8 150.0 900.0 - 650.0 850.0 1250.0 6000.0 1374
0.0 - 24.0 0.0 900.0 - 400.0 750.0 500.0 2000.0  2000.0 1375
360.0 - 60.0 0.0 720.0 - 105.0 600.0 300.0 900.0 300.0 1376
741.0 - 70.0 111.0 176.0 - 618.0 444.0 1107.0 2040.0 653.0 1377
357.0 - 48.0 65.0 524.0 - 585.0 273.0 663.0 1215.0 664.0 1378
0.0 - 16.0 0.0 0.0 - 0.0 100.0 0.0 0.0 75.0 1379
19.0 67.0 22.0 0.0 113.0 - 0.0 6.0 0.0 0.0 114.0 1380
170.0 133.0 30.0 0.0 83.0 - 9.0 24.0 0.0 3.0 625.0 1381
207.0 344.0 240.0 0.0 67.0 - 157.0 56.0 0.0 143.0 575.0 1382
336.0 205.0 216.0 0.0 80.5 - 181.0 42.0 0.0 0.0 410.0 1383
270.0 70.0 108.0 0.0 70.0 - 144.0 25.0 - 17.0 264.0 1384
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Table 6: yield of irrigated cumin during 1995 to 2020 in some of citiea)f Khoras avi province
_ < p =
oplas SV 4 Agdes sLE g e ol ol gt  yd . st s

Neyshabour Mavalat Mashhad Gon.abad Sabzevar Khooshab  Khaf Torbat Torbat Taibad Bardaskan
heydarieh jam

400.0 - 500.0 500.0 0.0 - 1000.0  1000.0  1000.0 600.0 1374
450.0 - 0.0 454.5 0.0 - 1000.0 700.0 600.0 600.0 600.0 1375
250.0 - 0.0 200.0 300.0 - 400.0 528.0 300.0 200.0 250.0 1376
500.0 - 550.0 400.0 420.4 - 551.4 600.0 500.0 600.0 400.0 1377
322.2 - 600.0 310.0 400.0 - 400.0 500.0 400.0 44938 323.1 1378
308.3 - 400.0 250.0 390.0 - 121.7 450.0 380.0 430.0 300.0 1379
420.0 507.9 538.5 419.7 500.0 - 300.0 330.4 451.0 490.5 400.0 1380
600.0 628.6 551.7 570.3 633.5 - 451.2 420.0 600.0  500.0 439.4 1381
621.4 660.0 555.6 550.0 600.0 - 450.0 450.0 700.0 500.0 460.2 1382
580.6 689.6 412.7 550.0 600.0 - 449.2 500.0 5714  400.0 450.0 1383
400.0 700.2 412.7 581.1 552.1 - 400.3 500.0 - 511.1 460.0 1384
352.7 700.0 460.3 574.8 502.9 - 399.2 405.3 - 550.0 450.0 1385
352.7 700.0 628.6 526.1 709.9 - 348.8 414.3 800.0 550.0 450.0 1386
216.7 0.0 1500.0 311.2 502.8 - 250.0 225.0 - - 0.0 1387
550.0 650.0 2500.0 315.6 1274.1 - 350.4 1306.7 800.0  350.0 500.0 1388

- - - - - - - - - - - 1389
400.0 701.2 0.0 251.4 637.0 450.0 400.0 600.0 600.0 500.0 450.0 1390
400.0 0.0 0.0 250.0 414.8 450.0 400.0 600.0 600.0  500.0 450.0 1391

- 600.5 0.0 250.0 415.1 450.3 348.9 900.7 600.5 360.4 500.4 1392

- 680.0 - 400.0 668.6 500.0 - 456.5 700.0 5100 674.7 1393
450.0 680.0 0.0 400.0 730.0 480.0 500.0 450.0 750.0 6100 740.0 1394
422.7 740.0 - 422.9 763.3 475.8 592.0 480.0 634.4 6343 761.2 1395
400.0 500.0 - 450.0 506.2 500.0 430.0 450.0 610.7 6100 805.4 1396
400.0 500.0 0.0 450.0 505.1 500.0 530.7 600.0 720.0 6339 500.0 1397

0.0 500.0 550.0 600.0 800.0 800.0 560.0 750.0 750.0  850.7 740.9 1398
805.2 720.0 600.0 680.0 849.8 800.0 741.0 740.1 830.0 750.0 820.0 1399
4175 571.5 489.1 426.7 547.0 540.6 474.0 574.3 631.7 528.8 496.9 o

Mean

Sy ol lcw! obd ol 31 (golaas 1o 1FAA BIYYF oL b 10 00 jow 0 ) 0 Sos 1Y Jgu
Table 7: yield of rainfed cumin during 1995 to 2020 in some of cities of Khorasan Razavi province

alis oYy gt SULE s Ol Ol WS eSS sy
Neyshabour Mavalat Mashhad Gonabad Sabzevar Khooshab  Khaf he-zl;/%rgr?éh Tgr?]at Taibad Bardaskan

0.0 - 480.0 300.0 300.0 - 500.0 500.0 250.0 300.0 - 1374
0.0 - 80.0 0.0 300.0 - 266.7 300.0 250.0 250.0 400.0 1375
180.0 - 150.0 0.0 180.0 - 150.0 300.0 150.0 180.0 150.0 1376
190.0 - 100.0 170.8 220.0 - 250.2 200.0 180.0 240.0 225.2 1377
99.9 - 120.0 130.0 201.5 - 150.0 130.0 170.0 150.0 225.1 1378
0.0 - 80.0 0.0 0.0 - 0.0 71.4 0.0 0.0 59.9 1379
79.8 120.1 97.8 0.0 139.5 - 0.0 96.8 0.0 0.0 99.1 1380
229.7 156.5 149.3 0.0 180.4 - 200.0 120.0 0.0 120.0 223.2 1381
230.0 246.4 269.7 0.0 239.3 - 200.0 140.0 0.0 170.2 230.0 1382
280.0 273.3 270.0 0.0 230.0 - 239.7 140.0 0.0 0.0 200.0 1383
200.0 280.0 270.0 0.0 200.0 - 180.0 138.9 - 298.2 170.3 1384
150.0 148.1 310.0 0.0 200.0 - 150.0 65.0 - 320.0 74.2 1385
150.0 150.0 150.0 0.0 200.0 - 130.0 100.0 0.0 320.0 100.0 1386
100.0 150.0 0.0 0.0 190.0 - 0.0 0.0 - - 0.0 1387
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Figure 2: The regression trend of irrigated and rainfed production of cumin in Khorasan Razavi
province during the period from 1995 to 2020
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Figure 4: The regression trend of effect of altitude above sea leve verage irrigated area and

production of cumin in Khorasan Razavi province during the period from 1995 to 2020
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Figure 5: The regression trend of the average precipitation effect on cultivated area of irrigated and
rainfed cumin in Khorasan Razavi province during the period from 1995 to 2020
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Figure 5: The regression trend of the average precipitation effect on production o
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Figure 7: The regression trend of the average precipitation effect on yield of irrigated and rainfed
cumin in Khorasan Razavi province during the period from 1995 to 2020
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