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Evaluation of Agronomic Characteristics and Fatty Acid Composition of Flax
Germplasms
Yong-Hwa Lee"’, Sang—Mok Bae', Won Park', Kwang-Soo Kim', Young-Seok Jang', Kyeong-Bo Lee'

ABSTRACT In this study, agronomic characteristics and fatty acid composition of 121 flax (Linum usitatissimum L.)
germplasms were analyzed. The flax germplasms had a fairly short growth period of 75-95 days. The plant height at maturity
varied from 52 to 124 cm. The flower color varied from white to lilac and even purple. Early flowering flax germplasms had white
flowers and were resistant to lodging. In early flowering flax germplasms, all agronomic characteristics, including growth period,
plant height, branch number per plant, stem diameter, number of capsules per raceme, seed number per capsule, 1000-seed weight,
and seed yield, were decreased. The average fatty acid composition of 121 flax germplasms comprised palmitic acid (5.3%),
stearic acid (4.3%), oleic acid (29.7%), linoleic acid (13.1%) and linolenic acid (46.4%). The total content of unsaturated fatty
acids ranged from 84~94% with an average of 88%. Among the fatty acids, linolenic acid (omega-3) content was the highest with
arange of 36~54%. In five selected flax germplasms (Hollandia 1803, Red son, C & F Res Br 1767, Wiera, and Ireland 1657) with
high linolenic acid (=51%), total lipid and protein contents were 30~36% and 5.4~6.9%, respectively. Overall, flax can
practically be adoptable into cropping systems in South Korea and utilized as a scenery crop, since flax has a short cultivation
period with diverse flower colors.
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OFOK Linum usitatissimum L.)= Linaceae™} LinumZ;ol 3 T2 (25%), 2 Aol H5(30%)7F TRt FdH 7HA

o] = oF 200 F- ¢ Folth(Diederichsen and Richards, 7b 2 AFLR AREEAL ok ohkelE 2H713(w-3)

2001). obb= A7hE-s dh= ofuiAl Al=olH, oF 3074
o] AMA|(2n=30)¢} B A 2k Alm 27](~700 Mbp)=
7HA 1 @AY 2HE0|cH(Cullis, 1981; Bennett and Leitch, 2004).
ALtk 20141 614,800E2] ofubi S AAkslo] AlA 2
319] AL o] 3l(Flax Statistics), ZeAX A4 X112 o}
ulAd- G AJAFLO]THFAOSTAT, 2012).

ofutX = A& 718, AHAE, AR, A, HIJE, H
gl ojoF = rhokst 82 7}R| 1 QItH(Kajla et al., 2015;
Singh et al., 2011). ofu} £7]= Zdl(linen)T} -2 A4S
(textiles) o} S22 Bjo] 8|5, Wk TAAZ o &
It Vaisey-Genser and Morris, 2001). oPapR+= XHi(~45%),

Ao AurAikel &ub-z) & dAKa-linolenic acid)o] 50%
Arer 2 AEAd A FAF(11%)9F tFH(8%)ol
Hs ¥53] A TFEo] thWang er al., 2008). ofm}
9] duh-gisdlike A4 A ES A A DHA
(docosadocosahexaenoic acid)@} EPA (eicosapentaenoic acid)
2 A3+ FHrHChen ef al., 2006). LW 7}-3 AHFALRS k7]
AR ofy e}, QIAOA Adyt A BiRk T, A
9 ofe] 71X 4177 Askel e FaNA A%e A
St= Ao E HUEQTHTou et al., 2011). 131} A&
A eH|7}-3 FgUoEA ofufl o] ARE-E 7159 At
eHg/do] "ojA7] wiiZell 1 ARg-o] AlgtE thKolanowski
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et al., 2004; Choo et al., 2007). $tH ofulH o= SDG
(secoisolariciresinol diglycoside)7} F535}11, o]A-2 A+
o] nAEof 23 ZGF9| g1t (mammalian lignans)$!
enterolactone (EL) ¥ enterodiol (ED)Z HElEH, o]& A
e BT 3 anel AL Qe AR EAEIH
(Thompson et al., 1991).
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X|HEAL XA B
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OIEHFlg 1(a)). @ui= ”ﬂr(ﬁ% 0431 el Aoz

Aufyz = oﬂEHO]J_ AL HEE 71 ey oy "073‘
Molt}, ofufe] o 570 ZO m%gi TAE 3l
o, 242 XIEEW Axepd, Hehy ‘3—< ajAe] bz} 20

o, bl o] A 50% < VO% A3 Fig.

10 @, (@), ot §ARATE £ BARAE 2AE
A3k, ABHA, AL B471, BRI 23, FPEA
S AE, RS AGEAS W AYE g 42

Z}
Jé‘i#%k% 59259, 179, 6 27¢, 85%, 95 cm, 37H, 3.4 mm,
7471, 870 @ 4.5 g2 UElGTtH(Table 2).

HIE(GY 27Y) F, ANSAZE S 17~209 = wE
2 108 (Novelty 140, Reina-1, Reina-2, CI NO 1657-2, CI
NO 1762, Sectoss, CI NO 1747, CI NO 1756, CI NO 1757,
Rwd x Birio 12290)3} 7|3}A17} 5€ 28~31¥U=2 =& GA
2} 10%8(Lival Domino, Pinnade, Budax J.w.s, Russia 641,
C&F 1774, Dak, Novety, Russia 505, Russia 625, Russia 630)
of tiell FUFES AoHaL g AIHTable 3), 7HS}AI7}
e §AAAEL BE ZAo] uAjo]n, Eio|E 2%
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Table 1. Flax germplasms used in this experiment.

No  Name or Designation Source | No  Name or Designation Source | No  Name or Designation  Source
1 Argentine U.S.A. 42 Dak U.S.A. 83 Record U.S.A.
2 Argo 407 ” 43 Dakota ” 84 Red son ”

3 Arrow ” 44 Dorst ” 85 Redwing ”
4 Atlas ” 45 Fiachskoph ” 86 Reina Japan
5 B-5218 ” 46 Fibura Japan 87 Reina-1 ?

6 Beatae ” 47 Fibura 19720 U.S.A 88 Reina-2 ”
7 Bisol M3 M1 ” 48 Fibura 87114 Japan 89 Renew U.S.A.
8 Bison 389 ” 49 Fibura 87124 US.A 90 Rik ”
9 Biwing ” 50 Flachskoph ” 91 Roket ?
10 Bolley 1178 ” 51 Formasa ” 92 Russia ”
11 Bolley Golden 644 ” 52 Gilgitpakist 2284 ” 93 Russia 505 ”
12 Budax J.w.s ” 53 Herculose ” 94 Russia 625 ?
13 C&F 1752 ” 54 Holland 1382 ” 95 Russia 630 ”
14 C&F 1753 ” 55 Holland 1383 ” 96 Russia 641 ”
15 C&F 1761 ? 56 Hollandia ? 97 Rwd x Birio 12290 ?
16 C&F 1762 ? 57 Hollandia 1803 ? 98 Rwd x Birio 2272 ?
17 C&F 1771 ” 58 Horal ” 99 Rwd x Crystal 2472 ”
18 C&F 1773 ” 59 Horal 2230 ” 100 Rwd x Mar ”
19 C&F 1774 ” 60 Ireland ? 101 Sakino 1 ?
20 C&F 1778 ” 61 Ireland 1657 ” 102 Sectoss ”
21 C&F 1779 ” 62 Ireland 1956 ” 103 Sillman ”
22 C&F 1781 ? 63 Jw.s ? 104 Solido ?
23 C&F Res Br 1181 ” 64 Japan 1504 ” 105 Storm Gross 1782 ”
24 C&F Res Br 1182 ” 65 Japan 1505 ” 106 Svetoc ”
25 C&F Res Br 1764 ” 66 Japan Introduction Japan 107 Tal crystal 1982 ”
26 C&F Res Br 1766 ” 67 Jeytilefiax U.S.A. 108 Talmmune ”
27 C&F Res Br 1767 ” 68 Koto ” 109 Textile ”
28 C&F Res Br 1814 ” 69 Lival Domino ” 110 Textile Flax ”
29 C&F Res Br 1817 ? 70 Mapun ? 111 Turkey ?
30 Cardwell 1908 ” 71 Marine-62 ” 112 Turkey x Roman Water ”
31 Cercello ” 72 Mathis ” 113 Ventnoy ”
32 CI NO 1657-2 ” 73 Norfolk ” 114 Viera Japan
33 CI NO 1747 ” 74 Norland ” 115 Wada US.A
34 CI NO 1756 ” 75 Novelty 140 ” 116 Walsm ”
35 CI NO 1757 ” 76 Novety ” 117 Wiera Japan
36 CI NO 1762 ” 77 Paphntedt 1858 ” 118 Wiera 1784 US.A
37 Cirrus ” 78 Perallo Blue ” 119 Windom ”
38 Concurrent ” 79 Percello 1778 ” 120 Zadar 22304 ”
39 Concurrent 1799 ” 80 Pinnade ” 121  Tae Jung Sun 1 CR1585%) Taiwan
40 Crystal Red-son ” 81 Raina ”

41 Dahlem ” 82 Ramblandt ”
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Apo] Avpol 4| Ho] ofute] Auf7]gto] 75-942(Ht 85
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Table 2. Agronomic characteristics of 121 flax germplasms.

D= v ghot fEutol A EAEIGE sle~64 dl)
o} o] EAUY(7TY FH~10Y FH/11Y 23), & 017W A
w7} 7Hs g Aoz gehgch EgE ofule] 2“*”01
A, Axleb gl sl o R thefstal, 7H§}717JE 17
AER Yeh, o5d AERE g8 7ed Ao

wa}

o} AR 12189 AAF ZAS Table 42} ek,

Flowering Flowering Ripening Growth Plant No. of Stem No. of No. of  1000-seeds

Statistics date period date period height branches/P diameter capsules  seeds weight
(month.day)  (day) (month.day) (day) (cm) lant (mm)  /Panicle /Capsule (2)
Maximum 5.31 26 7.6 94 124 9 31.3 284 11 6.8
Mean 5.25 17 6.27 85 95 3 34 74 8 4.5
Minimum 5.17 10 6.11 75 52 1 1.6 19 5 3.1

Table 3. Comparison of agronomic characteristics between early and late flowering flax germplasms.

Flowering Flower Lodging Ripening  Growth  Plant  No. of Stem  No. of No. of 1000-seeds Seed
date color degree date period  height branches/ diameter capsules seeds weight  yields
(month.day) (1-3) (month.day) (day) (cm) Plant (mm)  /Panicle /Capsule (2) (2)
5.17~20 White 1 6.2 76 72 2 2 26 7 3.5 40
5031 Dak 3 7.6 94 120 6 7 174 10 5.7 139
purple
Table 4. Fatty acid composition of 121 flax germplasms.
Fatty acid Palmitic acid Stearic acid Oleic acid Linoleic acid Linolenic acid Others  Total
compositions (C16:0) (C18:0) (C18:1) (C18:2) (C18:3)
Maximum 7.1 7.6 40.4 15.9 54.1 1.8 -
Mean 53 43 29.7 13.1 46.4 0.8 100

Minimum 3.7 24 223 9.3 36.8 0.0
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Fig. 2. Frequency distribution of fatty acid composition in
121 flax germplasms.

28~31%2] WO7} 41802 71 WOk, ThS-0 & 25-28%
7} 33302 werom, 31~-34%21 AHUS 3040191, 34%
ol el A= 105 ok 2lEdlit o] s 13~14%

o] J19|7} 36 08 JPY Wokal, 12~13%9] W7t 3374,
14~15%91 ZAFE 273 o]tk 2lsdlARS 42~44%, 44~46%,
46~48%, 9 48~50%7} Z+ZF 25, 26, 22, W 19- 02 A
A L] 76% (9273)E AHAIBFILAL, 50% o]/}l A& 23
A olqleh AAH oz opute] A4l FFS 12% =
worony, B3l 2R 88% R wjQ- =9it) B335}
FeFo] 242 89~90%9] W97t 7HY Wk

9] 88~89%2} 90~91%7} Z+zk 294 0|31 al, 91% o]Arel
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Table 5. Correlation coefficients between fatty acid composition of 121 flax germplasms.

Correlation coefficient (r)

Palmitic acid Stearic acid Oleic acid Linoleic acid Linolenic acid Others
(C16:0) (C18:0) (C18:1) (C18:2) (C18:3)
Palmitic acid
(C16:0) - -0.040 -0.134 -0.097 -0.039 0.035
Stearic acid o .
(C18:0) - - 0.104 0.125 -0.476 -0.214
Oleic acid N o
(C18:1) : - - -0.323 -0.825 -0.132
Linoleic acid
(C18:2) ) } - - -0.088 -0.066
Linolenic acid
(C18:3) ) . ) - - -0.066
Others - - R ] j i

* **represents not significant or significant at p < 0.05 and p =< 0.01, respectively
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Table 6. Selection of high linolenic and oleic acid in 121 flax germplasms.

Fatty acid compositions

o sompn e sy sy sy acid (cigs)  Oters

C&F Res Br 1766 6.4 2.9 24.0 1.1 54.1 1.5

Wiera 6.4 2.7 25.5 113 53.9 0.2

Ireland 1657 7.1 2.6 223 1.2 53.6 32

Textile 6.4 2.8 25.8 1.1 52.7 1.2

High Linolenic Ventnoy 6.7 25 243 12.8 52.4 13

(;?&)) Percello 1778 4.4 33 25.8 13.0 523 1.3

C&F 1762 5.7 3.4 24.8 12.9 51.8 1.4

Ireland 3.7 3.0 28.3 13.4 51.5 0.0

Beatae 46 3.2 26.5 13.3 51.4 1.1

Biwing 4.4 3.6 26.8 12.9 50.9 1.3

Reina-1 45 6.8 40.4 103 37.3 0.8

Talmmune 47 3.5 37.0 10.9 42.0 1.8

Bisol M3 M1 4.6 3.5 36.7 9.9 443 1.0

Lival Domino 6.9 4.4 36.6 14.1 36.8 13

High Russia 625 6.2 49 34.9 13.0 39.5 1.5
Oleic acid .

(> 34%) Marine-62 5.1 5.0 34.8 13.4 39.9 1.7

Svetoc 47 3.7 34.7 13.0 43.1 0.8

CI NO 1756 5.9 4.1 34.4 9.3 45.7 0.7

Holland 1383 48 3.6 342 12,6 43.6 1.1

Sillman 6.3 47 34.0 13.5 39.8 1.7

Table 7. Total lipid and protein content of five selected flax germplasms with high linolenic acid (=51%).

Germplasm Hollandia 1803 Red son C&F Res Br 1767 Wiera Ireland 1657
Flaxseed
Total lipid content (%) 36 33 32 30 30
Total protein content (%) 6.26 6.89 6.12 5.75 543

)

olul(Linum usitatissimum L.)2] 7153} &7]4d4+= T
g §=E 7HAAL Qlo] FE So] FEE WAL Qe AHE0l
ok & At ofuhe] &8 AlnE fld obnk FAA
1217 sl #ABA, AHAE 24, 224 2 ek
TS ATt Al AeaE 9 GARE Y] 7=

ARE ggotual skl ofnh=s Auiz]zto] 75~95
A= FaL, 717} 52~124 em A= AR, ZAjo] 94, ¢
Hepd, Jdwebd), gl Hepor I7 4F5FE et
MBHA7L whE FAAEES B EAo] wilo]al, mi
o= ZsHA ueheE Eat okt Jwrieh ST

HI, 24, FFEAS, AU, FPAS, A9E4ES, A
Y% 2 FASFS Fadte 208 tehdk otuke 4
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