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ABSTRACT

Recently discovered properties of Camelina (Camelina sativa L.) from Brassicaceae family, including
low-inputs requirement, fast growth, essentials oil content with medicinal uses, significant content of
linolenic acid, an unsaturated fatty acid, have been paied tremendous attention by both agronomic and
industrial sectors. To achieve the highest possible level of the above-mentioned properties, it is necessary
to find the superior lines. For this purpose, the morphological and biochemical characteristics of 26
double haploid lines were compared in a randomized complete block design with 3 replications in the
2018 cropping year at Shahid Chamran University of Ahvaz. The results of variance analysis showed that
all measured characteristics were significantly different at 1% of probability level. The mean comparison
results indicated that DH39 line had the highest height and average grain weight per plant and the highest
plant dry weight, oil percentage and saturated fatty acids were observed in DH44 line. DH14 and DH46
lines had maximum total protein and unsaturated fatty acids, respectively. GC- mass analysis showed that
DH22, DH39 and DH12 lines had the highest omega 3, 6, 9 fatty acids, respectively. Cluster analysis
categorized the lines into 3 groups. Based on all results, a group containing DHO7, DH14, DH21, DH32,
DH39, DH41, DH44 and DHA46 lines was chosen for further investigation.
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Tablel. Climate parameter means during the growing season at the experimental site

Month Rainfall (mm) Moisture (%) Temperature(°C)
February 223.6 67.5 13.7
March 234.2 59.2 14.7
April 23.1 56.3 21.9
May 24.3 45.1 271.7
June 24.3 344 34.6
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Table 2. List of cultivars used as parents in crosses for production of doubled haploid lines

(?) Seed parents

(&) Pollen parents

Lines Code Cultivar Origin Cultivar Origin DH Lines No.
1 Omskij Mestnyj Russia Irkutskij Mestnyj Irkutsk Region DHO03
2 Voronezskij349 Russia Kirgizskijl Kyrgyzstan DHO05
3 Przybrodzka Poland Hoga Denmark DHO07
4 Saratouskij Russia Bronowska Poland DHO08
56 Lindo Germany Ukrajinskaja Irkutsk Region DH12, DH13
7 Przybrodzka Poland Hoga Denmark DH14
8 Voronezh349 Irkutsk Region Czestochowska Poland DH16
9 Przybrodzka Poland Hoga Denmark DH17
10 Boha Denmark Volynskaja Poland DH18
11 Przybrodzka Poland Hoga Denmark DH20
12 Zavolzskij Irkutsk Region Sortandinskij Irkutsk Region DH21
13 Svalof Sweden Ukrajinskij Irkutsk Region DH22
14 Chulymskij Russia Omskij Mestnyj Russia DH29
15 Omskij Mestnyj Russia Irkutskij Mestnyj Irkutsk Region DH32
16 Zavolzskij Irkutsk Region Sortandinskij Irkutsk Region DH39
1718 Chulymskij Russia Omskij Mestnyj Russia DH41, DH42
1920 Zavolzskij Irkutsk Region Sortandinskij Irkutsk Region DH44, DH46
21 Calena Germany Blaine Greek Greece DH47
22 Voronezskij349 Russia Kirgizskijl Kyrgyzstan DH51
23 Svalof Sweden Ukrajinskij Irkutsk Region DH52
24 Lindo Germany Ukrajinskaja Irkutsk Region DH53
25 Voronezh349 Irkutsk Region Czestochowska Poland DH55
26 Krupnosemjannyj Russia Brzybrodzka Il Poland DH63
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Table 3. Variance analysis (mean square) of studied traits in camelina lines

Plant grain L . Unsaturat
Plant Plant dry - Grain oil Grain Saturated MUFA/
SOV d.f Height matter weight (% protein fatty acid ed fgtty PUFA
average acid
Replication 2 66.75 0.09 0.001 1741 73.23 0228 59789 0001
Treatment 25 1,89 0.26™ “0.059 “5.40 “175 0783 0916  0.003"
Error 50 8.97 0.06 0.001 0.01 0002 00013 00020 1%X10
CV% ~ 9.31 13.87 9.68 0.28 0.182 031 0.05 0.16
SOV c12 cia C16 C16:1 C18 Cigl  Clg2 _ Ci183 __ C20
Replication 0.16 0.14 407 0.13 0.995 3565 30976 92332 0026
Treatment 000005 000003 0.8 000039 0291 2873 5332  '2.345  "0.32
Error 1x107 7x10° 00003  65x107 000052 00064 00077  0.00341 0"1%02
CV% 0.67 0.25 0.28 0.42 0.86 0.50 0.46 01814  0.79
SOV C20.1 2022 C20:3 c2 Co21 C22  C23 Co4  C24d
Replication  19.056 0.0070 0.0039 0.152 0.181 0.155 0.079 0133 00382
Treatment 0,668 “00662  00136™  "0.004 0242 00015 00114 00047  *0.010
Error 0.0010 00001 0000022 0000008  0.00035 o.oogooz 0.000020 0'002007 o.(i(;oo
CV% 0.227 0.70 0.386 0.61 0.63 0.87 0.93 1036 0506
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**Significant at 1% of probability level.
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4 .Mean comparison of the studied traits in camelina lines Table

Plant grain

Plant Height Plant dry weight Grain protein Saturated Unsaturated
Line code matter Grain oil (%) fatty acid fatty acid
(Cm) average (%) %) %)
(@) (gr/plant) (% 5
1 33.83b-e 1.665d-g 0.46cde 37.75ab 28.14e 11.15Im 89.12e
2 27.86fgh 1.67d-g 0.349 g-k 37.37de 27.89g 11.58g 88.97h
3 34.08b-e 2.250ab 0.44 c-f 35.171 28.32d 11.09m 89.60b
4 36abc 1.660d-g 0.362g-i 34.55n0 27.99f 12.42b 87.95m
5 30.72c-h 2.255ab 0.2501 37.62bc 27.05j 12.05e 88.38l
6 37.37ab 1.76¢c-g 0.3749 f-i 37.17f 26.45m 11.61g 88.96h
7 16.33i 1.74c-g 0.251 35.65k 28.48c 11.13m 89.44c
8 37.11ab 2.09a-d 0.28 jki 34.01p 28.68ab 11.36ij 88.62k
9 32.41b-g 1.445fg 0.3745f-i 34.55n0 28.30d 11.22k 89.08ef
10 29.83d-h 1.34g 0.347g-k 34.992m 28.47c 11.60g 89.05efg
11 34b-e 1.68d-g 0.288jkI 34.88m 27.87g 11.86f 88.75j
12 34.25b-e 2.14abcd 0.48cd 37.24¢f 26.94k 11.26k 89.51c
13 33.69b-g 1.91a-f 0.282kI 34.400 28.63b 11.20kI 88.92h
14 31.5b-g 1.55¢fg 0.411efg 36.22i 27.68h 11.47h 89fgh
15 25.58h 1.42fg 0.360 g-j 37.08fg 27.39i 10.92n 89.471c
16 40.70a 1.54efg 0.57b 37.46¢d 26.701 11.41hi 89.477c
17 32.22b-g 1.97a-e 0.33 h-k 36.77h 27.84g 11.23k 89.27d
18 32.16b-g 1.87a-f 0.322ijk 36.94g 28.16¢e 10.830 89.64b
19 35b-e 2.34a 0.348g-k 37.73ab 26.26n 11.62g 89.07ef
20 29.5d-h 1.80b-g 0.414 d-g 37.72ab 26.51m 10.76p 89.79a
21 35.33a-d 2.13a-d 0.50c 34.993m 28.05f 11.59g 88.81ij
22 30.58¢c-h 1.57efg 0.30i-1 37.40de 26.88k 12.95a 87.56n
23 33.66b-f 1.70d-g 0.324 h-k 35.87j 27.859 11.35j 88.83i
24 29.37e-h 1.442fg 0.396 e-h 37.9a 26.701 12.11d 88.331
25 36.91ab 2.22abc 0.398 e-h 33.78q 28.76a 12.30c 87.98m
26 27.5gh 1.50efg 0.97a 36.31i 27.60h 11.43h 88.99gh
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Means with the same letter(s) in the same column are not significantly different, according to Duncan’s multiple range tests (5%).
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Table 5. Mean comparison of five major fatty acids in studied camelina lines seed oil (%)

Line Cod PUFA MUFA SFA
ine ~-ode Linoleic Linolenic Gondoic Oleic Palmitic
1 19.99f 32.45h 14.13m 14.70m 5.36p
2 20.78c 31.44m 13.880 15.31j 6.08jk
3 19.588¢ 32.22i 14.211 16.69d 6.39b
4 20.21e 31.49m 14.27jk 14.29n 6.48a
5 16.600 32.92d 14.55h 17.67a 5.8160
6 17.58m 31.93jk 15.02¢ 17.32b 6m
7 19.585¢g 32.71f 14.11m 16.09f 6.37bc
8 18.041 33.70c 14.97cd 14.35n 6.11j
9 18.39j 32.85ed 14.92d 15.88g 6.09jk
10 20.96b 31.15n 13.850 15.28j 6.49a
11 19.93f 31.44m 14.30j 16.06f 6.32¢
12 19.86f 31.86k 14.13m 17.06c 6.28f
13 18.28jk 34.12a 14.31j 15.10k 6.084jk
14 18.71i 31.99j 14.639f 16.16f 6.29f
15 19.55gh 32.56( 14.28j 15.40j 6.07k
16 21.62a 30.760 13.75p 16.31e 6.22g
17 19.62g 32.14i 14.633fg 15.68I 6.16l
18 18.28jk 32.80e 15.12b 16.57d 6.18hi
19 19.48gh 31.621 14n 17.01c 6.34de
20 20.39d 31.92jk 14.22kl 15.68l 5.56n
21 17.51m 31.45m 15.86a 15.73hi 6.041
22 20.43d 30.750 14.39i 14.58m 6.19h
23 17.28n 33.85b 14.62fg 15.84gh 6.23g
24 16.620 32.87ed 14.57gh 17.79 5.8190
25 18.83i 32.20i 14.73e 14.861 6.36¢d
26 19.40h 31.49m 14.94d 15.38j 5.17n
Mean 19.13 32.18 14.48 15.88 6.13

85,105 (5 lo gime BT o0 iy Jletizl mlan 10 9 Sls gesT wlel p cyginm o 40 Wl g s slo il
Means with the same letter(s) in the same column are not significantly different, according to Duncan’s multiple range tests (5%).
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Figurel- Distribution percentage of SFA (Saturated Fatty Acid), MUFA (Monounsaturated Fatty Acid)
and PUFA (Polyunsaturated Fatty Acid) in Camelina lines. Lines with the same letter(s) in the same trait
are not significantly different at 5% of probability level, based on Duncan’s multiple range tests.
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Figure2. MUFA (Monounsaturated Fatty Acid) to PUFA (Polyunsaturated Fatty Acid) ratio in camelina
lines. Lines with the same letter(s) are not significantly different at 5% of probability level, based on
Duncan’s multiple range tests.
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Figure 3. Cluster analysis dendrogram of studied camelina lines by Ward’s minimum variance method
(Ward, 1963)
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Table 6. Mean comparison of the studied traits in camelina lines derived from cluster analysis

Plant Plant dry Plant grain weight Grain Grain Saturated Unsaturated
Cluster  Line No. Height matter average(gr/plant) oil (%) protein fatty acid fatty acid
(Cm) 9n (%) (%) (%)
1 9 31.82ab 1.64a 0.44a 36.05b 27.84a 11.78a 88.69b
2 8 30.96b 1.90a 0.40b 36.85a 27.30b 11.18c 89.45a
3 9 33.60a 1.85a 0.33c 35.82c 27.84a 11.56b 88.75b
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Means with the same letter(s) in the same column are not significantly different, according to Duncan’s multiple range tests (5%).
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