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ABSTRACT

In this study, in order to investigate morphological characteristics, yield of fiber, essential oil and seed oil yields, seeds of two native ecotypes
from Iran and one foreign variety (Fedoral7) with its progenies (Fedoral7-2) were cultivated in research fields of three locations (Gilan,
Golestan, and Alborz province) in Iran and their morphological and phytochemical characteristics were studied. The greatest height and
shoot dry matter were observed in Fedoral7 and its progenies while the widest coverage and thickest stem was observed in the native
ecotypes of Iran. Also, the oil content varied from 18.88% in Fedoral7-2 to 40.09 % in Yazd. The highest oil yield was observed in native
ecotype of Fars (820 kg ha™) and Yazd (830 kg ha™). Plant height fluctuated from 99.7 cm in Safrabasteh to 197.5 cm in Alborz. Fiber yield
ranged from 1569 kg ha' in Safrabasteh t013991 kg ha” in Alborz. The hemp cultivated in Alborz, in terms of morphological and
reproductive properties and fiber yield was significantly better compared to the other stations. The oil yield per plant was 11.35 kg in
Chalaky station to 36.39 kg in Alborz station. Therefore, cannabis cultivation is recommended in Alborz with average production of 13991
kg ha' fiber, 2.2 t ha essential oil and 1110 kg ha seed oil. The foreign cultivars with the tallest stem and the highest percentage of stem
dry matter were proper for fiber production. In addition, the morphological characteristics of Fedora 17 were also preserved in its progeny.

Keywords: Cannabis sativa L., hemp, fiber yield, essential oil, oil, morphological characteristics.
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Table 1. The characteristics of three regions of cultivation in the previous 20- year period.

Province Alborz Gilan Golestan
City Karaj Rasht- Astaneh Gorgan
Research Station Alborz Safrabasteh Chalaky
Longitude 51°31' East 49° 52" 45.4" East 54° 18’ East
Latitude 35.42 North 37° 23" 4.4" North 36° 50" North
Altitude (m a. s. 1) -9 86
annual rainfall (mm) 1469 532
average temperature (°C) 16.21 27 17.8
Maximum temperature (°C) 39 32.8
Minimum temperature (°C) -10 -4.6
textured soil Loam Loam sandy clay loam silty clay
pH 7.5-8.5 7.21 7.5-7.9
Average annual relative humidity (%) 40-50 87-90 66-72
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Table 2. Analysis of variance for morphological and vegetative traits, essential oil and seed oil content of hemp in
two native ecotypes and a foreign cultivar and progenies in three regions.

Traits Place (A) Axrep Cultivar (C) AxC Total error
df 2 6 3 6 18
Mean of squares

Plant Height 89242.95™ 859.91™ 11556.127 3148.737 1055.11
Crown 2192.02" 19.62" 150.34™ 124..74™ 14.89
Total plant weight 8493577.66" 91616.11™ 358455.79" 522215.63" 146351.96
Inflorescent height 5755.99” 71.99" 508.25" 375.95™ 82.98
Inflorescent weight (per plant) 64952.89™ 1174.24™ 7293.55™ 4654.03” 1332.01
Inflorescent yield in ha 107319315.87"  2195233.49™  11345568.67 7158503.14™ 1397878.53
Stem weight (per plant) 327833.95™ 4108.67"™ 15891.02" 12046.06 4525.62
Fiber yield in ha 568228902.6™ 2265155.23™  26707267.04™ 2496668.68 ™ 12492889.29
Leaves weight (per plant) 713318.757 15330.01™ 254240.217 224567.017" 13482.36
Leaves yield in ha 1202941076.517  792101.33™  433254046.95" 391721458.58" 13159161.16
Coverage 13154904.93™ 1225547.57"™ 8724086.3™" 4663668.417" 489839.62
Leaf area 8246.327 78.17™ 9544.16™ 1209.63™ 78.87
Leaf length 264.02 2.53™ 73.43" 19.84™ 3.68
Leaf wide 271.18" 472" 35627 16.38" 3.69
Petiole length 111.54™ 0.71™ 25.04™ 13.497 0.92
Width of the largest leaf 6.67" 0.07™ 7.6” 0.58” 0.08
The smallest leaf length 2048 1.84™ 2597 675" 1.81
Width of the smallest leaf 1.02" 0.06 ™ 1.24" 0.14” 0.05
Fresh stem weight 717.39” 43.34™ 592.76" 30046 46.11
Dry stem weight 167.37 20™ 156.617 17.37™ 11.69
Percentage of shoot dry matter 127.177 20.58™ 75.96 18.3™ 10.41
Fresh leaf weight 20.117 1.33™ 35977 3.97" 2.37
Dry leaf leight 2.537 0.056™ 3.757 0.52" 0.085
Percent of leaf dry matter 5.83™ 55.72™ 89.43™ 15.98™ 56.07
Essential oil content 0.67" 0.001™ 0.15™ 0.05"™ 0.14
Essential oil yield (per plant) 2096.86 41.74™ 101.13 ™ 250.57 ™ 86.2
Essential oil yield in ha 7.69” 0.44™ 0.13™ 0.6™ 0.52
Oil content (%) 56.33™ 33.17™ 935.69 ™" 1532 64.21
Oil yield (per plant) 617" 0.11™ 1.83” 0.29™ 0.14
Oil yield in ha 2741998.23™ 49254.48" 809263.1"" 128516.14 ™ 62246.99

s Dl 99 g o0 0 g ) Jloin] a1 o pme gl oS Ay s g s e
** * and ns: Significantly difference at 1 and 5 % of probability level and non-significantly difference, respectively.
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Table 3. Mean comparison of morphological and vegetative traits and essential oil and seed oil content of hemp in
native ecotype, a foreign variety and its progenies in three regions.

Traits Cultivar (C) Places (A)
Fedora 17 Fedora 17-2 Fars Yazd Alborz Chalaky  Safrabasteh
Plant height (Cm) 155.96a 151.42ab 107.63¢ 133.21b 197.47a 114b 99.69b
Crown (mm) 10.59b 12.34b 16.19a 14.82a 23.03a 9.17b 8.26b
Total plant weight (g) 261.4b 426.3ab 557.3a 381.8ab 100047a  141.41b 78.21b
Inflorescent height (cm) 3991 a 39.17a 29.78b 33.83ab 50.48a 31.5b 24.58¢
Inflorescent weight (per plant) (g) 51.15ab 66.86a 36.69bc 26.9¢ 96.41a 28.75b 11.04b
Inflorescent yield (kg h™) 3483.7ab 4335.7a 2398.8bc 1817.7¢ 6398.2a 1881.3b 742.9¢
Stem weight (per plant) g 62.2b 76.43ab 111.43a 113.97a 207.5a 40.94b 24.58b
Fiber yield (kg h™) 40.43a 5266a 7758a 7210a 13991a 2648b 1569b
Leaves weight (per plant) g 24.8c 49.97¢ 253.66a 128.75b 286.65a 31.41b 24.83b
Leaves yield (kg h™) 1639c 3376¢ 17122a 8214b 19147a 2009b 1608b
Coverage (m”) 204b 22.3b 1807.6a  1637.1a 2080a 22950 306b
Leaf area (cm?) 4.89b 7.85b 30.39a 32.53a 31.72a 16.31b 8.71¢c
Leaf length (cm) 7.52¢ 8.53b 10.00a 10.23a 11.22a 8.96b 7.03¢
Leaf wide (cm) 4.5b 5.1b 9.8a 9.5a 9.3a 7.33b 5.05¢
Petiole length (cm) 1.36¢ 1.89b 2.76a 2.9a 3.79a 1.66b 1.25¢
Width of the largest leaf (cm) 0.8¢ 0.93b 1.58a 1.66a 1.63a 1.15b 0.95¢
The smallest leaf length (cm) 3.36a 3.48a 3.97a 3.71a 4.34a 3470 3.03b
Width of the smallest leaf (cm) 0.36b 0.29b 0.6la 0.65a 0.64a 0.44b 0.38b
Fresh stem weight (g) 20.82b 18.69b 20.99b 36.26a 28.97a 28.33a 15.27b
Dry stem weight (g) 8.87b 7.99b 7.96b 16.57a 12.83a 12.15a 6.05b
Percentage of shoot dry matter (%) 43.93a 43.12a 39.09b 38.07b 37.69¢ 44.18a 41.28b
Fresh leaf weight (g) 0.97b 1.57b 4.86a 4.56a 4.33a 2.92b 1.75b
Dry leaf weight (g) 0.35¢ 0.58¢c 1.72a 1.38b 1.48a 0.99b 0.56¢
Percent of leaf dry matter (%) 38.03a 36.13a 33.67a 30.74a 34.68a 35.32a 33.93a
Essential oil content (%) 0.53a 0.64a 0.7a 0.84a 0.42b 0.88a 0.73 ab
Essential oil yield per Plant (2) 20.86a 26.09a 20.64a 18.11a 36.39a 11.35b 16.53b
Essential oil yield (th™) 1.33a 1.5a 1.27a 1.5a 2.26a 0.67b 1.28b
Oil content (%) 1931¢ 18.88 ¢ 30.97b 40.09 a 29.81a 2599a 26.14a
Oil yield (Kg per plant) 0.5b 0.42b 1.23a 1.25a 1.67a 0.34b 0.54b
Oil yield (kgh™) 330b 280b 820a 830a 1110a 220b 360b

In each column, means with same letter does not have significantly difference with each other.
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Table 4. Mean comparison interaction effect of cultivar and place on morphological traits and essential oil content of hemp.
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Fedora 17 22225a 164 ¢ 616.9¢c 59.19a 105.63b 7241b 131.88bc 8537cd 47.92¢ 3182cd
§ Fedora 17-2 220a 22.37b 1091.9b 58.63a 148.75a 9667a 173.13b 11945bc 119.32¢ 8052¢
b Fars 152.5bc 30.68a 1575a 37bc 72.5bc 5593b 300a 19963a 937.5a 47852a
Yazd 176.86 b 26.1ab 1085.4b 42.79b 64.64bcd 3093c 257.14a 15519ab 425.7b 17500b
Fedora 17 152.5be 9.28de 127.5d 34.5bed 36.88cde 2500cd 40d 26685¢ 10.63¢ 704d
)
—_Zé Fedora 17-2 127.5cd 6.87¢ 126.3d 35.75bc 44.38cde 2815¢cd 37.5d 2556e 11.25¢ 722d
% Fars 70.25¢ 7.74 de 53.8d 20.25¢ 12.5¢ 833cd 20.63d 13333e 28.13¢ 1833d
Yazd 105.75 de 12.79cd 258.1cd 35.5bc 21.25de 1389cd 65.63cd 4019ed 75.63¢ 4778cd
ﬁ Fedora 17 93.13 de 6.1e 39.7d 24.25de 10.94e 710cd 14.74d 908e 15.84c 1030d
§ Fedora 17-2 106.75 de 7.78de 60.9d 23.13¢ 7.45¢ 526d 18.66d 1298¢ 19.35¢ 1355d
£ Fars 97.63 de 9.18de 83.1d 24.45de 11.33¢ 770cd 31.78d 1978¢ 27.24c 1680d
3 Yazd 101.5 de 9.99de 129.1d 26.5cde 14.44e 966¢d 33.16d 2092¢ 36.87¢c 2365cd
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In each column, values with same letter does not have significantly difference with each other.

alaals ol s il adsi (e 5 e, Slao s 5 08, Blite il 5uSils aslin F Joaz asls]

Continued table 4. Mean comparison interaction effect of cultivar and places on morphological traits and essential oil
content of hemp.

g 5 _ % 3 5 8% 8% £3 ED 59
i §E = 5E EE <E BS%E BS%E S°%E 2= 2=
Place Cultivar g = < 5 = & o 5 L 5 = 385 S 8 o <= 6 5 = o 2 .5h
5¢ §° 0§ 0§ §° Fp° Ep Ep BT A%

A 5 =& £8 == =
Fedora 17 20.2b 8.71de 8.71cd 5.89d 2.43cd 1.23d 3.64bcd 0.45bcde 33.1b 0.57de
§ Fedora 17-2 25.2b 13.33c¢d 10.99b 6.5d 2.72cd 1.13d 3.89bc 0.35de 23.52bed 0.86cd
2 Fars 4656.5a 51.48a 12.49a 12.25a 5.53a 2b 5.39a 0.87a 31.7b 2.57a
Yazd 3618.2a 53.37a 12.68a 12.54a 4.5b 2.19a 4.42ab 0.89a 27.55bcd 1.9b
> Fedora 17 14.7b 2.46¢ 7.43de 4.09¢ 0.63¢ 0.5f 3.63bcd 0.32de 23.33bcde 0.18¢
< Fedora 17-2 19.6b 7.94de 9.49¢ 5.59d 2.14cd 0.81le 3.73bc 0.25¢ 21.67bcde 0.55de
5 Fars 513.1b 28.26b 10.04bc 10.49b 1.28¢ 1.69¢ 3.73bc 0.6b 15def 2.01b
Yazd 676.7b 26.59b 8.87cd 8.82¢ 0.96e 1.61c 2.77cde 0.58bc 53.33a 1.22cd
5 Fedora 17 26.3b 3.49¢ 6.42¢ef 3.66e le 0.6ef 2.54de 0.29¢ 3.03f 0.31e
_:g Fedora 17-2 22b 2.29¢ 5.09f 2.71e 0.8¢ 0.79¢ 2.5¢ 0.27¢ 10.88ef 0.22¢
& Fars 253.2b 11.43cd 7.46de 6.66d 2.02d 1.15d 2.8cde 0.39cde 16.27cdef 0.56de
3 Yazd 616.4b 17.64¢ 9.14c 7.17d 2.81c 1.18d 3.93bc 0.5bed 27.9bc 1.03cd
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In each column, values with same letter does not have significantly difference with each other.
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Table 5. Correlations between the studied parameters of cultivars and ecotypes of hemp in three research regions.
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E &
1 2 3 4 5 6 7 3 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 2
T T
2 608 1
30 5477 884” 1
4 787 557 667 1
5557 3690 5507 8167 1
6 597 507 6537 8247 9207 1
7 7037 8597 8527 5877 3990 486 1
8 6957 9037 8257 6157 4437 5507 9517 1
9 388 869" 8797 3920 237 419 8017 7547 1
10 418 8977 8127 389 187 345 8537 827 9020 1
11 257 7060 s61T 173 -132 036 6797 660 7807 832 1
12 245 6337 5320 16 -073 082 665 6247 7537 047 8817 1
133510 5777 5307 221 143 273 6257 6117 6417 5987 697 8227 1
14 071 395 315 -040 -115 008 475 437" 4957 5237 7037 8577 805 1
15 3847 6827 6037 387 219 3300 6817 678 7117 664" 7257 746 7597 597 1
16 275 6177 5257 200 -003 135 6537 6597 6597 6737 806 882" .917 7737 6437 1
17 039 08 066 -156 -111  -053  .175 123 181 .38 322 5250 7027 695 364 398 1
18 093 310 213 -078 -189  -081 32 278 396 326 5837 747 45T 71T 4T ;35T M7 1
19 216 345 257 343 a2 211 303 376 242 289 397 318 164 203 220 405 -008 246 1
20 329 268 .91 299 071 72 200 3787 149 204 375 3327 3810 302 261 4537 227 A4l 7037 1
20 241 029 008 017 -055 -027 137 163 -017 .02 129 163 3790 231 .81 231 329 324 -216 537 1
22 022 4657 398 035 -057 105 379 388 6387 5457 7287 8497 6937 7807 5507 7767 4777 687 234 287 159 1
23 228 6037 6497 3300 214 217 6937 6617 6747 237 247 7947 6727 737 5377 7687 3647 5037 3300 286 069 775 1
24 384" 308 5597 5037 3977 323 6127 5397 281 4757 176 050 A1l 080 119 .10l -129 -196 .12 026  -106  -208 428" 1
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