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The improvement of rapeseed varieties for
production of bio—diesel raw—material and
the research of machine for labor—saving
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SUMMARY

I. Title

The improvement of rapeseed varieties for production of biodiesel raw—material

and the research of machine for labor—saving

II. Objective and Significance

As oil prices and environmental problems have risen in the past several years,
the concept of "sustainable development" has been issued. For reducing global
carbon emissions, the international demand that traditional fossil fuels should be
replaced with renewable forms of energy are dramatically increasing. Rising oil
prices and climate change are propelling many governments to enact consistent and

long—range policies for the production and use of renewable energy.

The two most prevalent bio—fuels are biodiesel and bioethanol. Worldwide, 10
billion ltrs of biodiesel were produced in 2007, up 11—fold since 2000. Most biodiesel
was produced in the EU (6 billion ltrs) and the US (2 billion ltrs). 52 billion ltrs of
bioethanol were produced for fuel in 2007, triple the level in 2000. Most bioethanol
was produced in the US (27 billion ltrs) and Brazil (19 billion ltrs).

Due to bioenergy policies of developed countries, economic development of
developing countries, and agricultural production problems around the world, world
demand for grains and vegetable oils is increasing. This is one of the driving

factors accounting for increasing food prices.

The cost of biodiesel production seems to be associated with increased cultivation
area of biodiesel feedstocks and the yield of biodiesel crops. In order to increase
biodiesel production and meet the biodiesel demands of Korea, double cropping
system should be introduced into unused agricultural land in the winter season,

thereby increasing the availability of suitable land for rapeseed production.



Rapeseed, as a feedstock for biodiesel production, has a higher level of oil content
than other oil—based crops and shows high oil productivity. This research was
conducted to develop new varieties with high oleic acid content and early
maturation and to produce F; hybrid with simultaneous maturation and high
yielding ability. This research also includes the development of machines related to

rapeseed seeding and harvesting processes for saving labour.

IMI. Contents and Scope

This research is conducted to improve the utilization of unused farmland during
winter months for increasing rapeseed cultivation and production. The research
scope involves breeding of new rapeseed varieties ideal for a biodiesel feedstock,
development of labour—saving machinery suitable for Korean rapeseed farming size,
and improvement of biodiesel productivity. This study includes the following

research areas:

1. Select of an F; hybrid of rapeseed plants, which has high—yield, high oleic

acid, and early maturation for production of biodiesel raw—material

2. Development of rapeseed varieties with cold resistance and high yields using
domestic and/or foreign rapeseed germplasm

3. Development of labour—saving machinery suitable for Korean rapeseed farming
size

4. Development of technologies for additional improvement of Rapeseed(e.g.
extraction technologies of rapeseed oils and the utilization of rapeseed cake as

livestock feed and organic fertilizer)

IV. Results and Opinion

1. Selection of Fi hybrid with high—yield, high oleic acid and

early mature for production of biodiesel raw—material
To produce F; hybrids, rapeseed plants, which have more than 63% oleic acid,
were used as restorer lines. Combining ability and yield component of newly

produced F; hybrids were examined. New F; hybrids showed earlier flowering and



seed maturation than 'Sunmang'. We also developed the technology to prevent
possible pollen contaminations, because the production of 100% pure F; hybrids is

very important during F: hybrid production process.

2. Development of Fi hybrid with cold hardness and high yield

for biodiesel raw—material

To breed rapeseed plants with cold tolerance and high yield, we have collected
total 44 rapeseed varieties(204 lines) from many countries including China, USA,
Germany and so on. And then, we screened rapeseed varieties, which are growing
well under Korean climate conditions. Two rapeseed lines (produced from Bioenergy
Crop Research Center of RDA, Korea) and twenty introduced varieties were further
tested in different area of Korea. Among them one rapeseed variety (BN922)
showed cold tolerance and high yield at a higher level than any other varieties. So

we name BN922 "Kangyou“ and applied for a patent.

3. Development of Dbiodiesel production technology for

additional improvement of Rapeseed

The optimum conditions of continuous oil extraction from rapeseed are grain
temperature 100~120C, roster temperature 250C, and expeller temperature 180C.
Roasting time of rapeseed is correlated with water content in rapeseed. Water in
rapeseed could reduce oil extraction rate and oil yield in the continuous oil
extraction system. Therefore, storage conditions of rapeseed after harvesting is an
important factor to get higher oil extraction. Rapeseed cake could be utilized as
animal feed and fertilizer for growing horticultural crops. Therefore, rapeseed cake

could be a good source for increasing farm incomes.

4. Development of labour—saving farm supply type rapeseed

production machinery suitable for Korean farming size
We developed a seeding machine for rapeseed cultivation. The working efficiency
of seeding machine is 10 times higher than human, when the machine is used in
seeding process. For harvesting rapeseed, we also invented a mower which is

attached to a combine and examined its working efficiency.



V. Future Use

The secure supply of biodiesel in Korea is dependent upon the cultivation area
of rapeseed. For increasing rapeseed cultivation and production, unused farmland
during winter months should be used. In case of double cropping system(rice +
rapeseed), the transplanting of rice is normally delayed due to late harvesting of
rapeseed and thus the yield of rice is usually decreased. Therefore, we need to
develop F:1 hybrids of rapeseed, which have high—yield, high oleic acid, and early
maturation characters. It 1s also necessary to develop new varieties with cold
tolerance for increasing rapeseed cultivation area. Furthermore, the wuse of
agricultural machines for rapeseed production processes from sowing to harvesting

is greatly recommended.
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Table 1. Comparison of oil—content of oil crops.

Crop 7158 ZF (%)
Rapeseed 45
Sesame 53
Soybean 17
Cotton 26
Sunflower 35
Peanut 45
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Table 2. Support Policy and consumption of transport bio—fuel in major developed nation(2002).
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Table 3. Supply guide of bioethanol and biodiesel by year in EU.

BRI AR e APl ool e e, X10E | Mol St X10% IREEER
2005(2.00%) 2341 2532 4873
2006(2.75%) 3219 3482 6701
2007(3.50%) 4096 4431 8527
2008(4.25%) 4974 5381 10355
2009(5.00%) 5852 6331 12183
2010(5.75%) 6730 7280 14010
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Table 4. Amount of CO: assimilation in rapeseed.

% (t/haly) Chin w2 &2 (t/ha) ol st 2 (t/ha)
1.66 0.18 0.3 1.1
13.42 0.447 6 22
0.98 0.44 0.43 1.58
16.06 6.73 24.68
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Figure 1. Molecular structure of petroleum diesel, biodiesel and oleic acid.
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Table 5. Comparison of fatty acid composition of major oil crop for biodiesel.
S . L. . . Oleic |Linoleic|Linolenic|Eicosenoic| Erucic P S ¥
Lauric | Myristic |Palmitic| Stearic i . R R A - -
RAR & . X X o |(C 18:1,|(C 18:2,|(C 18:3,] (C 20:1, [(C 22:1,| 3} | &x3}
(%) (C 12:0)[(C 14:0)|(C 16:0)|(C 18:0) =9 | n=6) | n—3) n—9) P o
FAANAE)| 41.5 - — 2.3 1.5 9.5 11.9 8.6 7.7 58.5 | 4.1 | 96.2
FAONFE)| 44.5 - - 4.2 1.6 63.4 21.2 8.7 0.9 — 5.8 | 94.2
A (GMO) | 44.5 | 36.7 3.9 3.1 1.3 33.2 14.4 7.4 - - 42.7 | 56.3
o5 16.6 - - 11.6 4.8 275 | 50.5 5.5 - — 16.4 | 835
slutets] | 455 - — 6.5 4.6 36.5 | 52.1 - - — 6.5 | 93.2
=+ 0.1 1.0 44.4 4.1 39.3 | 10.0 0.4 - - |455] 53.8
(kernel) 48.2 16.2 8.4 2.5 15.3 2.3 — — — 72.8 | 20.1
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SUMMARY

As oil prices and environmental problems have risen in the past several years,
the concept of "sustainable development" has been issued. For reducing global
carbon emissions, the international demand that traditional fossil fuels should be
replaced with renewable forms of energy are dramatically increasing. Rising oil
prices and climate change are propelling many governments to enact consistent and
long—range policies for the production and use of renewable energy.

The two most prevalent biofuels are biodiesel and ethanol. Worldwide, 10 billion
ltrs of biodiesel were produced in 2007, up 11—fold since 2000. Most biodiesel was
produced in the EU (6 billion ltrs) and the US (2 billion ltrs). 52 billion ltrs of
ethanol were produced for fuel in 2007, triple the level in 2000. Most ethanol was
produced in the US (27 billion ltrs) and Brazil (19 billion ltrs).

Due to bioenergy policies of developed countries, economic development of
developing countries, and agricultural production problems around the world, world
demand for grains and vegetable oils is increasing. This is also one of the driving
factors accounting for increasing food prices.

The cost of biodiesel production seems to be associated with increased cultivation
area of the feedstocks and yield of biodiesel crops per area. The price of biodiesel
is not much expensive than conventional diesel. This is also one of the important
factors for the production of biodiesel and its use.

In order to increase biodiesel production and meet the biodiesel demands of Korea,
double cropping system should be introduced into unused agricultural land of winter
season, thereby increasing the availability of suitable land for rapeseed production.

Rapeseed, as a feedstock for biodiesel production, has a higher level of oil content
than other oil—based crops and shows high productivity. In case of double
cropping(rice + rapeseed), the transplanting of rice is normally delayed due to late
harvesting of rapeseed and thus the yield of rice is usually decreased. Therefore, it
1s necessary to develop new varieties with high oleic acid content and early
maturing character for solving above problems. Also. development of F; hybrid
rapeseed with simultaneous maturation and high vyielding ability is strongly
required. Furthermore, the use of agricultural machines for rapeseed production

processes from sowing to harvesting is greatly recommended.
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A 24 U9 7le AL EF
O A (Brassica napus L., AACC, 2n=38 3} B. campestris L., AA, 2n=20)+
AA Stk detel A Fash 7IE4AE2 AwEL o, FAjelA 715 A%t
24 MNFR 7EEEFE Fol7] AT §F2 8% 51X T

O EdoAE= =938 H-2(winter type oilseed rape)®] high oleic acidAlZ<

- s W@ oA A T T3 7TEAEY

— ¥F3% f-3E= 60% oleic acid (C18:1), 20% linoleic acid (C18:2), 10%
linolenic acid (C18:3)& ¥ &3lal AU+

— High oleic acid (C18:1)% 75% °]4< i3t AL 29

— Doubled—haploid (DH) A% A oleic acid (56—75% C18:1) £



— 5o 37 AelA 2dzt HE
— BEAEA A3} oleic acid?] FH82 h*=0.992 A YEld
— high olecic acid (> 64% C18:1)%} low oleic acid (<64% C18:1)%2 i
O Brssica napus SV Brassica campestris/rapa %2 258 71%H 'Canola’
— A FZ4F (erucic acid) % 1 2% ©|sF — 1% °]3}
- TFFIA = olE (glucosinolates) &% : 30 ©]3} — 18 micromoles ©]3}
- AT T8 A2 eI 2
O Wrtol Al 2007 d7FA] canola AHY A& HefstAl Adelstd, Ouid 7009

T E A §A4], @canola TLTFETS dE, WAF, T, v= SAd FEe] 2~3
B Uek ¥ &x, GbiodieselZ2] canola®] MZ Al =, @A GMO canola %
o] =A(AZEA A3A canola 37FA] 15 : Round Ready, Liberity Link, Clearfield,

A linolenic/ 1L oleic acid canola GM Roundup Ready hybrids)

O Rapeseed (Brassica napus L., AACC, 2n=38 3} B campestris L., AA,
2n=20)2 AAY titk detel A Fa3 7[EAER AEa 9o, Rapeseedel 4]
NEFEFE =ol7] 98 S5 88 5x F9 shieltt. Double—low #% (7]l
A erucic acid & 2%w]| 7 dro) A glucosinolate @ 30micromole/g ©]3}) o Al-&4
¢l e AbEE ZFS SO Al FH Y 7HA = 7IEH v Al

O Brassica napus® =2F3 FTA #FE9 M HO) FHEAEAFLETE
s wades b, NE5EE T (1-2%), FF3golA 7159 AdaA =
o] E3] wlaAsitl, Ao 2u Exp= A2 220 A7 A7E flavonoids Aol
leucocyanidin® &A1 polyphenol® T-AE AMA dAo] oy, =z}
palisade =, o428 7 parenchyma A|X¥, ©=9] aleurone 2 FAIF o] 9&

O Palisade®} parenchyma A¥X+= EA ZZA<Q ovaryel oF AAZHEH

H a1, aleurone &2 39 WE Fold], 71 v2E wlFALZEEH fAE Aol
t}. Palisade =& =3¢ 7bF Fegx AxZzoln Afih IS Z7A7|a 7123
G S o Yol st =e@Ey] TAE oA FAE 1/2-2/3 AR EoE

A gk A3H S = polyphenold?} lignin®] T W& Hl&o] HA st Aelrh. A
o2 »@FY FAZEH Jo4 w9 AgEE HEE Tk vug { Eo}
AA

=)

O w3y FAEF<] vo] Aol f(dietary fibre)sraFo] 271g/kg dry matter
2 9 g Hedn fFAEES 352g/ke dry matter® Hoh A Aty A
Skl w2y FAEZSo] 7 b canola ¥He] AR A 7R AbEE ol oA
weEy FE59 olgd NFE T FLE7F FolA I dS AAFe

O Brassica napuse B. campestris®} B. oleracea(CC, 2n=18) 1+¢] Ho]ujA|
amphidiploido] B2 =@ MFEAE 7ML Q= B campestrisg ©1-83t9 B. napus®
NG L B napus®) =TMFAS iets Fad ol Hi 9S

O Brassica napus®] FAAYL Fole B =253 FHAFo] gl7] wiol
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&3 B

=dFFYQ B rapast =4 5
napus®] {0l mTFy FAEFTE Tt A
O Brassica napuso| A F3]Me] {42 Shirzadegan (1986)3} Van Deynze®}
Pauls(1994)°l 2]3}A] Oﬂ—?a A B napus® HE& ML 39 SAFAA, =T
Zu Mo 3719 AT REGHAAT Folsitta WS
O =4 A Rashid 5(1994)& [(B. napus X B. juncea)>X B.napus] X [(B.

napus X B. carinata)X B. napus) 9 S7ngo2HEHE @M FA AlFS s
[e)

=3

U'IH ke
_1; o rr

O FTo A Tang 5(1997)2 (B. rapa X B. oleracea) X B. napus, B. napus X<
B. juncea®} B. napus X B. rapa®l EFaFE E3 dojR AlEo HALAS FALEHY
FEe AMA =R B onapuss NESHA S

O Brassica napus® WA, WHA, =@M ER FF9] S Agriculture
and Agri—Food Canada Saskatoon Research Centre(AAFC—SRC)$9] oilseed—breeding
zZ2 9 %‘— 7} 2 issue©|th. AAFC—SRCOAE 256 E¢F a2y &2 7fdst
7] 918 FFATE FAS gon, FAe] =uFy FAALEe A2FI o V&
I kel Aol EE FAES
Fruzko wm RE whEo S
Kol

Sote] SN =2 Fod Aes s A

:::‘

Regent®} =% PBrassica?l B. rapa, B. carinata, B.

g o, Aol Axsgit. o] ndFy ASS u
il

A=
A2EY] At Azk oagtste] V5@l wal v

O MYtell A canolast o] 7129] erucic acid®t ¥e] glucosinolate”} SO
A wm@Fy FAQ B junceaZ /ME3taxt doubled haploidt Lﬂ%ﬂ AEl A ¥
o f-@xtel thFelAte] thatel DNA marker 71&S A &34
o] w=@Eyo #E" Fo3 A fAAE JHse Ay 2
7S Agstel 3~5d Yol 74 °l

O 259, AFE FAE EU, AU, 5%, A%, 55 54 AA4oR 28
A% AAFUA A A oilseed AE F A HEA A sfolrh. 7154
Qs ] YA A A AL e, 3
[e)
N
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O Glucosinolate®} A¥e FJANEL AFTAZA 1 o]§ 7HsAdol i,
glucosinolatex= B—D—thioglucose YHE A Fdf+= F7]S0]20]Y, isothiocyanate?] &
H=2 AfxAo] @ 4 o, metam—sodium(Vapam)2 3}HES A = At}
Aty AEzAolvt FAFEELS glucosinolate BE 9ol EFH o] o,
phytotoxic¥ =9 a7} &= Aoz d&HA YS

O #x "o =zXRE glucosinolatex Cylindrocladium parasiticum (Crous
Wingefield and Alfenas)ol 3t &% o] ‘%*XJ]Q] a7, w93 o] Cylindrocladium black
rot (CBR)S ZFHE Folx= ad7F dso] Wy, wF o] CBR (Cylindrocladium
black rot)¥ Z¢] SCN(soybean cyst nematode, Heterodera glycines Ichinohe)<S "
Alst=wl A vl F5-3k glucosinolate®] &3E T stE AT7F o FoA L U

O A= AAEE 7159 FHS & HAA77] 8l A 7es 4
goteo] FAAE WEA7I A =EE e, olg g AR F oA At e
AA stearic acid7} AL AuF A A F-Aol mangosteen( Garcinia mangostana) =
¥ thioesterase’}E & FAAE cloningdled, stearate’} 50% ¥ 3HEo] J+= EAE
g5eto] Adstel s, FAde AR AFAHe] HA Fe= AL lauric
acid® =938z} California  bay(Umbellularia  californica) =€ = s
12:0—ACP(acyl—carrier protein) thioesteraseZ F A3}l 40% 9 laurate’} T EH = A
& Awste] Laurical Mo 2 52319

O #Fdeoz olgxa e 7152 AWt FollA erucic acid (22'1)ﬂ sheFol
45%7} %3] 3= high—erucic acid rapeseed(HEAR) %38 7|£9 FHx49S &85
of Jsiglov, Aol erucate FvE Eol7l HF FUHo=E JOJOba A=
(Simmondsia chinensis) 2% ketoacyl—CoA synthase (KCS)E Ege AETA
fatty acyl AUgAIAIS] ZfAleh= WHg& ZAd= FHAE cloningstaith. o] A=
AAHE wax esteroll Al A3 C20, C22 ¥ C24 acyl AES A4HEF= elongase A A 9
AHE-F o]t} canoladl ©] FHAE HZSHA =W o] 3 very long—chain fatty acid
(VLCFAs)S9} 22 acyl Hete] 58%7F 3|8t TAGse Aite]l 7hs3ith. KCS 4
A= HEARZH-H FARE f4x15 E2lstoJHEARC] 40—-45%X.t} 1 %2 erucates
Al AojA BHEA skt 2o F

O fralle A &0l 25~75%% FEEAAAAE=2A A7 &)
FETHA 93 FTE S 2 HEste AAddAE SAHAEFTES
£35S A9 A ATE Aoy FF T 29
& FAB7I7F ofg olggt FAAE AT 5 3
| g Fi hybrid #3°] Aol a2t <

271 M| (heterosis) SZHo| 23 Fy hybrid FZ54&

2 HAAY AFo] A5t AMERldAE thrgo] 4
7tASs AAME & A7) FAAAY FHAE =Y
Fi hybrid SAFAAAAZF o] FoA AL Qe 2HeS 43
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S ArFEA 85 . o]E FEWA] AAelE GMS(genic male sterility),
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Table 6. Flowering time distribution of selected lines with high oleic acid.

Flowering time(month. day)

4. 15 less than|4. 16~4. 18|4. 19~4. 21|4. 22~4. 24|4. 25~4. 27| Total

Lines 3 15 20 40 22 100

Table 7. Maturing time distribution of selected lines with high oleic acid.

Maturing time(month. day)

6. 10 less than| 6. 11~6. 13 | 6. 14~6. 16 |6. 17 more than| Total

Lines 2 15 53 30 100

O

Ao e AP 28-S wol FFSE Sske vloldes v AN UR

= . =M FAE ek
AR Lol Et= 717F US4 &2 Aol Fom A F8to] Fuile o83
At 2 o] FoAx = Af-oll= HEH Aol Al met Sl #8-gt.
Ak AE B-E 131~140cm 11418, 141~150cm 2441%, 151~160cm 35741, 16
1~170cm 28 A%, 170cm o1 145 o ® Fxska gt o] w48 10154 4%
at7] fslM = 150018ke] Ales A8 HEEoR o] &sh= o] nigAd Aow
T

Nl N

-~

Table 8. Plant height distribution of selected lines with high oleic acid.

Plant height(cm)

130 131~140(141~150|151~160|161~170 170 Total
less than more than

Lines 1 11 24 35 28 1 100




Table 9(1). Characteristic of growth and yield component of selected lines with high oleic acid.

Flowering Maturing Plant N IS\II(I)qu;f Length Weight

No. Lines name time time height O'\Of on the |of silique of 1,000
branches : seeds
(month. day)|(month. day)| (cm) main (cm) ()

raceme

1 YL-MB—-14-1-1-4 4.20 6.15 138 25 28 7.3 2.5
2 YL-MB—-14-1-5-1 4.18 6.13 161 18 34 9.3 2.7
3 YL-MB—-50-2—-5—4 4.17 6.12 146 24 43 7.2 3.2
4 YL*MB*ISS*2*7*S 4.15 6.14 157 25 45 8.3 3.1
5 YL-MB—-133-2—-13-1 4.20 6.15 168 31 48 7.7 3.3
6 YL-MB—-41-2-2-2 4.18 6.13 167 21 27 6.8 3.1
7 82001-B—4-2-2 4.22 6.15 161 19 30 6.0 2.7
8 82090-B—15—-1-3 4.22 6.15 165 24 33 7.4 2.9
9 82090-B—48—-1—-1 4.22 6.15 167 23 30 6.0 2.8
10 | 82090—-B—57—2—4 4.12 6.09 165 22 28 10.7 2.8
11 | 82090—-B—58—1-3 4.17 6.12 161 28 41 6.7 3.0
12 | 82090—-B—-61—-1-2 4.17 6.12 154 22 36 6.8 2.9
13 | 82090—-B—-62—1-2 4.20 6.15 159 24 23 7.5 2.9
14 | 82090—-B—-75—-1-4 4.12 6.10 165 26 30 6.4 2.7
15 | 82090—-B—-76—1-3 4.26 6.17 162 25 29 6.9 2.8
16 | 82090—B—83—1-1 4.19 6.14 168 24 35 7.7 3.7
17 | 82090—B—108—3-2 4.17 6.12 160 29 39 6.6 2.8
18 | 82090-B—-111—-1-2 4.26 6.17 156 23 35 6.4 3.1
19 | 78111-B—-5—-1-2—-1 4.26 6.17 160 30 38 8.0 3.0
20 | 78111-B—5—-1-2-2 4.26 6.17 156 26 32 6.3 2.9
21 | 78111-B—5—-4—-1—-1 4.24 6.16 160 25 30 7.2 3.0
22 | 78111-B—5-5—-1-3 4.22 6.15 162 25 49 7.0 3.1
23 | 78111-B—8—-1—-1—4 4.24 6.16 157 24 38 7.0 2.7
24 | 78111-B—-6—-1—-2-2 4.22 6.15 160 23 36 7.0 2.8
25 | 78111-B—-6—-3—-1-1 4.25 6.17 161 25 40 7.9 3.2
26 | 76152—-B—2—-4—-2-8 4.22 6.13 172 18 42 7.1 2.7
27 |76152—-B—2—-14—-1-4 4.24 6.17 158 24 35 7.9 3.2
28 |76161-B—2—-2-1-10 4.20 6.15 165 24 39 6.9 3.0
29 176052—-B—69—-7—-5-2 4.27 6.18 154 29 39 7.2 3.6
30 | 76156—B—-10—-3—-1—-7 4.22 6.15 163 22 33 5.8 2.7
31 | 82007-B—-1-1-1—-1 4.26 6.17 161 21 37 5.8 3.0
32 | 82007-B—-9—-1—-1-2 4.17 6.12 160 27 35 6.5 3.2
33 | 82007-B—15—-1—-1-2 4.23 6.16 168 28 39 8.3 3.0
34 | 82007—-B—48—2—-1-2 4.21 6.13 165 29 41 7.7 3.2
35 | 82007-B—-51—-1—-1-2 4.22 6.15 164 27 38 6.8 3.0
36 | 82007-B—55-2—-1-1 4.22 6.18 158 23 35 7.8 2.7
37 |82009—-B—-55—-2—-1-2 4.25 6.15 161 30 37 8.2 3.3
38 |82009-B—-57-2-1-2 4.25 6.17 160 22 33 7.8 2.9
39 | 82009-B—58—-1—-1-4 4.25 6.17 158 28 44 7.3 3.3
40 | 82009-B—59—-2—-1-2 4.22 6.15 151 23 45 6.9 2.8
41 | 82009-B—-66—1—-1—-1 4.22 6.15 148 25 38 6.9 3.2
42 |1 82009-B-76—2—1-2 4.23 6.16 167 24 42 7.4 2.7
43 | 82009-B—-83—-1—-1—4 4.23 6.19 160 26 40 7.0 2.8
44 | 82009-B—89—-2—-1-1 4.18 6.13 166 28 39 7.1 3.4
45 | 82009-B—-103—-1—-1-2 4.18 6.13 163 27 33 7.0 2.7
46 | 82009-B—-111-1-3-2 4.20 6.15 162 23 43 8.1 2.9
47 | 8516—B—5—-5—-5—-2 4.17 6.12 151 28 43 7.3 3.0
48 | 8516—B—5—-5-5—1 4.22 6.15 153 28 48 8.4 3.3
49 | 8516—B—5—-6—5—1 4.24 6.17 161 29 48 8.3 3.6
50 | 8518—B—-3-2—-2-1 4.22 6.15 148 25 45 7.3 3.3
51 | 8516—B—5-6—-5-3 4.23 6.19 152 26 39 6.1 3.5
52 | 8516—B—5—-6—4-2 4.22 6.15 147 31 48 7.7 3.4
53 | 8516—B—-5—-6—1-2 4.18 6.13 151 32 40 7.9 3.3
54 | 8511-B—13—-1—-4-2 4.20 6.15 154 32 44 6.8 3.6




Table 9(2). Characteristic of growth and yield component of selected lines with high oleic acid.

) Flowering Mat.uring Plant No. of IS\II(I)quaf Ler}gth O}N?l%hoto

No. Lines name time time height branches | 0 phe of silique Seéds

(month. day)|(month. day)| (cm) main (cm) ()

raceme

55 | 8511-B—13—-1-3-1 4.22 6.15 156 24 33 8.2 3.0
56 | 8512—-B—58—-7—-3-3 4.22 6.15 145 32 34 6.5 2.9
57 | 8512—-B—58—-3—-4-3 4.20 6.15 156 28 47 6.4 3.0
58 | 8512—-B—58—-3-6-3 4.20 6.15 144 29 48 8.2 3.2
59 | 8518—-B—-19-2-3-1 4.22 6.15 140 28 49 7.7 3.5
60 | 8518—B—-19—-2-5-1 4.26 6.17 162 32 44 7.0 3.2
61 | 8516—B—3—-5—-3-5 4.22 6.15 152 25 38 7.7 3.0
62 | 8516—B—5—5—1—-2 4.23 6.16 141 22 38 8.1 2.9
63 | 8516—B—5—-5—2-2 4.22 6.15 146 24 26 9.7 2.8
64 | 8634—B—101—1—4—11 4.25 6.17 147 34 44 7.6 3.3
65 | 8634—B—10—2—-3-1 4.26 6.17 147 21 41 8.0 2.8
66 | 8634—B—1-3—-1-8 4.26 6.17 149 24 46 9.1 2.8
67 | 8634—B—-1-3—-1-7 4.20 6.15 143 23 35 7.1 2.7
68 | 8634—B—55—-3—-5—4 4.26 6.17 144 23 48 7.4 3.2
69 | 8634—B—30—4—-5-1 4.26 6.17 144 28 49 9.2 3.3
70 | 8601-B—10—-2—-3—4 4.23 6.16 152 29 48 6.9 3.4
71 |1 8601-B—2-2—-1—4 4.19 6.14 138 20 37 7.6 3.0
72 | 76052—B—69—1-6—12 4.20 6.15 145 27 48 7.9 3.2
73 | 76152-B—2—-1-7—-1-1 4.19 6.14 145 30 44 7.4 3.3
74 | 76161-B—2—2—2—2—-1 4.22 6.15 127 24 49 7.1 3.1
75 | 76052—-B—2—-7-3-5 4.24 6.19 139 32 40 7.8 3.3
76 | 76062—B—66—2—-1-1 4.22 6.15 136 33 44 6.9 3.6
77 | 76062—B—68—2—1-8 4.26 6.17 135 25 34 6.5 3.0
78 | 8630—-B—6—5—-3-6 4.22 6.15 135 25 36 6.5 2.9
79 | 8630—-B—6—5—-5-5 4.22 6.15 147 25 45 8.4 3.3
80 | 8630—-B—5—-2—-3-5 4.24 6.17 158 28 43 7.5 3.0
81 | 8630—-B—30—2—-1-2 4.20 6.15 154 27 34 7.2 3.0
82 | 8630—-B—30—2—-1-9 4.20 6.15 154 29 43 6.8 3.0
83 | 8630—-B—39—-2—-5-5 4.26 6.17 159 28 42 7.3 3.0
84 | 8630—-B—49—-4—-5—4 4.24 6.17 151 25 39 7.5 3.0
85 | 8630—-B—-50—-1-2-5 4.26 6.17 149 26 30 8.5 3.0
86 | 8630—-B—76—4—3-2 4.22 6.15 152 29 43 6.1 3.3
87 | 76052—B—69—1—6—12 4.26 6.17 159 29 44 8.3 3.2
88 | 76052—B—69—1—-6—19 4.21 6.18 163 28 46 8.4 3.4
89 | 76052—B—78—10—2-9 4.24 6.16 138 21 34 7.5 3.1
90 | 76052—B—78—5—-1-1 4.24 6.16 146 26 40 6.8 3.0
91 | 77010-B—10—2—-16—2 4.25 6.16 147 27 49 7.4 3.6
92 | 77010-B—-10—-3—-5—-2 4.26 6.17 146 30 41 6.0 3.2
93 | 77010-B—-87—-2—-1-2 4.26 6.17 138 26 46 6.5 3.1
94 | 77010-B—10—3—-5—6 4.24 6.16 160 22 43 6.0 3.2
95 | 77010—B—87—2-18-7 4.20 6.15 146 28 46 6.8 3.6
96 | 76152—B—2—-8-4-9-3 4.21 6.15 153 29 41 7.3 3.3
97 | 76152—-B-2-1-1-16 4.18 6.14 140 27 43 7.2 3.1
98 | 76152—B—2—8-3—-2-3 4.17 6.13 148 27 46 7.0 3.6
99 | 78113—B—-5-1-2-1 4.20 6.14 142 22 36 7.2 3.0
100 | 78113—B—-6—-1-3—-1 4.18 6.13 131 27 45 6.5 3.6
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Table 10. Oleic acid distribution of selected lines with high oleic acid.

Okeic acid content (%)
57~59 | 60~62 | 63~65 | 66~68 | 07 MOTC | oA
than
Lines 10 61 21 3 5 100
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Table 11(1). Fatty acid composition and oil content of selected lines with high oleic acid.

No. Line name oil (Cf;on)te“t PAL. | STE. | OLE. | LNL. | LIN. | EIC. | ERU.
1 | YL-MB-14-1-1-4 132 15 | 11 | 623 | 248 | 59 | 14 | 0
2 | YL-MB-14-1-5-1 125 36 | 12 | 603 | 247 | 85 | 1.7 | 0
3 | YL-MB-50-2-5-4 126 26 | 2.3 | 650 | 208 | 7.6 | 1.7 | 0
4 | YL-MB-133-2-7-3 427 45 | 1.1 | 623 | 248 | 59 | 14 | o0
5 | YL-MB—133-2—-13-1 447 36 | 12 | 603 | 247 | 85 | 07 | 0
6 | YL-MB—41-2-2-2 443 42 | 1.3 | 624 | 228 | 84 | 09 | 0
7 82001-B—4-2-2 142 41 | 14 | 621 | 238 | 76 | 1.0 | 0
8 82090-B—15-1-3 152 38 | 15 | 624 | 235 | 67 | 2.1 0
9 82090—-B—48—1—1 153 45 | 11 | 623 | 248 | 59 | 14 | 0
10 82090—B—57—2—4 145 36 | 1.2 | 603 | 247 | 85 | 1.7 | 0
1 82090—B—58—1-3 146 42 | 13 | 624 | 228 | 84 | 09 | 0
12 82090-B—61-1-2 143 43 | 15 | 623 | 232 | 78 | 08 | 0
13 82090-B—62—1-2 151 12 | 13 | 624 | 228 | 84 | 09 | 0
14 82090-B—75-1-14 147 41 | 14 | 621 | 238 | 76 | 1.0 | 0
15 82090—B—76-1-3 445 46 | 16 | 615 | 22.8 | 83 | 1.1 0
16 82090—B—83—1—1 443 46 | 17 | 639 | 208 | 77 | 1.3 | o0
17 | 82090-B-108-3-2 146 40 | 14 | 612 | 230 | 90 | 1.3 | o0
18 | 82090-B-111-1-2 447 45 | 14 | 627 | 220 | 88 | 06 | 0
19 | 78111-B—5-1-2-1 143 43 | 15 | 621 | 223 | 91 | 06 | 0
20 | 78111-B—5-1-2-2 142 19 | 15 | 618 | 228 | 82 | 08 | 0
21 | 78111-B—5-4-1-1 152 38 | 15 | 624 | 235 | 6.7 | 2.1 0
22 | 78111-B-5-5-1-3 153 45 | 14 | 627 | 220 | 88 | 06 | 0
23 | 78111-B-8-1-1-4 126 43 | 15 | 621 | 223 | 91 | 06 | 0
24 | 78111-B—6-1-2-2 127 37 | 18 | 572 | 288 | 7.3 | 1.2 | 0
25 | 78111-B—6-3-1-1 147 19 | 15 | 61.8 | 228 | 82 | 08 | 0
26 | 76152-B—2-4-2-8 143 38 | 15 | 624 | 235 | 67 | 2.1 0
27 | 76152-B—2—14—1—4 442 39 | 1.3 | 587 | 287 | 62 | 12 | 0
28 | 76161-B—2-2-1-10 152 41 | 12 | 632 | 253 | 54 | 07 | o0
29 | 76052-B—69—7—5-2 1453 51 | 1.7 | 604 | 241 | 76 | 1.0 | 0
30 | 76156-B—10-3—-1-7 445 43 | 17 | 643 | 223 | 62 | 1.2 | 0




Table 11(2). Fatty acid composition and oil content of selected lines with high oleic acid.

No. Line name Oil (Cf;o“)te“t PAL. | STE. | OLE. | LNL. | LIN. | EIC. | ERU.
31 | 82007-B—1-1-1-1 44.6 37 | 1.8 | 57.2 | 288 | 7.3 | 1.2 0
32 | 82007-B—9-1-1-2 44.3 45 | 11 | 623 | 248 | 59 | 14 0
33 | 82007-B—15—1—-1-2 45.1 36 | 1.2 | 693 | 1567 | 85 | 17 0
34 | 82007-B—48—2—1-2 447 38 | 19 | 633 | 214 | 85 | 1.1 0
35 | 82007-B—51—-1—-1-2 445 41 | 14 | 621 | 238 | 7.6 | 1.0 0
36 | 82007-B—55—-2—1—1 44.3 49 | 18 | 611 | 224 | 92 | 06 0
37 | 82009-B—55—-2—1-2 44.6 42 | 13 | 624 | 228 | 84 | 09 0
38 | 82009-B—57-2—1-2 44.7 41 | 14 | 621 | 238 | 76 | 1.0 0
39 | 82009-B—58—1—1-4 45.2 38 | 15 | 62.4 | 235 | 6.7 | 2.1 0
40 | 82009-B—59-2—1-2 45.3 39 | 1.3 | 587 | 287 | 62 | 1.2 0
41 | 82009-B—66-1-1-1 42.6 41 | 12 | 632 | 253 | 54 | 07 0
42 | 82009-B—76—2—-1-2 42.7 42 | 16 | 708 | 167 | 65 | 1.2 0
43 | 82009-B—83—1—-1-4 44.7 43 | 17 | 643 | 223 | 62 | 12 0
44 | 82009-B—89-2—-1-1 44.3 37 | 1.8 | 692 | 168 | 73 | 12 0
45 | 82009—B—103—1—1-2 44.2 50 | 1.6 | 615 | 232 | 7.3 | 1.4 0
46 | 82009—B—111—1-3—2 45.2 45 | 11 | 623 | 248 | 59 | 14 0
47 8516—B—5-5-5—-2 45.3 36 | 12 | 603 | 247 | 85 | 1.7 0
48 8516—B—5-5-5—1 445 41 | 14 | 621 | 238 | 7.6 | 1.0 0
49 8516—B—5-6—5—1 437 43 | 14 | 662 | 204 | 65 | 12 0
50 8518—B—3-2—2—1 45.3 44 | 16 | 615 | 227 | 82 | 16 0
51 8516—-B—5—6—5—3 42.6 42 | 21 | 691 | 19.7 | 3.8 | 1.0 0
52 8516—B—5-6—4—2 42.7 43 | 17 | 643 | 223 | 62 | 12 0
53 8516-B—5-6-1-2 44.7 38 | 15 | 676 | 187 | 72 | 1.1 0
54 | 8511-B—13—1-4-2 443 52 | 1.9 | 62.6 | 239 | 52 | 1.3 0
55 | 8511-B—13—1-3—-1 44.2 45 | 1.1 | 623 | 248 | 59 | 14 0
56 | 8512—B—58—7-3-3 45.2 46 | 16 | 676 | 184 | 63 | 15 0
57 | 8512—B—58—3—-4—3 45.3 41 | 13 | 624 | 228 | 84 | 09 0
58 | 8512—-B—58—3-6-3 445 42 | 16 | 618 | 247 | 65 | 12 0
59 | 8518—B—19—-2-3—1 44.6 41 | 14 | 621 | 238 | 7.6 | 1.0 0
60 | 8518—B—19—-2-5-1 44.3 45 | 11 | 623 | 248 | 59 | 14 0
61 8516—B—3-5-3—5 45.1 38 | 15 | 62.4 | 235 | 67 | 2.1 0
62 8516—-B—5-5—1-2 44.7 30 | 1.3 | 587 | 287 | 62 | 12 0
63 8516-B—5-5-2-2 445 41 | 12 | 637 | 253 | 54 | 07 0
64 | 8634—B—101—-1-4—11 42.6 42 | 16 | 618 | 247 | 65 | 12 0
65 | 8634—-B—10—2—-3—1 42.7 43 | 17 | 643 | 223 | 62 | 12 0
66 8634—-B—1-3—-1-8 44.7 40 | 1.3 | 695 | 16.0 | 7.9 | 1.3 0
67 8634—B—1-3—1-7 443 37 | 1.8 | 57.2 | 288 | 7.3 | 1.2 0
68 | 8634—B—55—3-5—4 44.2 42 | 27 | 608 | 238 | 75 | 1.0 0
69 | 8634—B—30—4—5-1 45.2 36 | 12 | 603 | 247 | 85 | 1.7 0
70 | 8601-B—10—-2—-3—4 45.3 42 | 13 | 624 | 228 | 84 | 09 0
71 8601—-B—2—2—1—4 42.8 41 | 14 | 621 | 238 | 7.6 | 1.0 0
72 | 76052—B—69—1—-6—12 43.6 36 | 12 | 603 | 247 | 85 | 1.7 0
73 | 76152-B—2—1-7—-1-1 42.9 45 | 16 | 640 | 21 76 | 1.1 0
74 | 76161-B—2-2-2-2—1 437 38 | 15 | 62.4 | 235 | 6.7 | 2.1 0
75 | 76052—-B—2—-7-3—-5 45.3 41 | 12 | 634 | 253 | 54 | 07 0
76 | 76062—B—66—2—1—1 42.6 39 | 1.2 | 631 | 232 | 73 | 1.3 0
77 | 76062—-B—68—2—1-8 42.7 44 | 09 | 582 | 260 | 87 | 18 0
78 8630-B—6-5-3—6 44.7 46 | 1.0 | 648 | 234 | 56 | 05 0
79 8630-B—6-5-5-5 443 45 | 1.1 | 623 | 248 | 59 | 14 0
80 8630—B—5-2—3—5 44.2 40 | 09 | 625 | 244 | 69 | 13 0




Table 11(3). Fatty acid composition and oil content of selected lines with high oleic acid.

No. Line name Oil (Cf;o“)te“t PAL. | STE. | OLE. | LNL. | LIN. | EIC. | ERU.
81 | 8630-B—30—2—-1-2 45.2 46 | 1.0 | 642 | 222 | 67 | 12 0
82 | 8630-B—30—2—-1—-9 45.3 36 | 12 | 603 | 247 | 85 | 1.7 0
83 | 8630-B—39-2-5-5 445 42 | 13 | 624 | 228 | 84 | 09 0
84 | 8630-B—49-4—5-4 44.6 42 | 16 | 618 | 247 | 65 | 12 0
85 | 8630-B—50—-1—-2-5 44.3 42 | 13 | 624 | 228 | 84 | 09 0
86 | 8630—B—76—4-3—-2 45.1 45 | 11 | 623 | 248 | 59 | 14 0
87 | 76052—B—69—1—-6—12 447 36 | 12 | 603 | 247 | 85 | 1.7 0
88 | 76052—B—69—1—-6-19 445 41 | 14 | 621 | 238 | 76 | 1.0 0
89 | 76052—B—78—10—2-9 44.2 39 | 1.3 | 587 | 287 | 62 | 1.2 0
90 | 76052—B—78-5-1—1 43.1 37 | 1.8 | 57.2 | 288 | 7.3 | 1.2 0
91 | 77010-B—10—2—16-2 42.8 43 | 17 | 643 | 223 | 62 | 12 0
92 | 77010-B—10-3—-5-2 416 41 | 12 | 632 | 253 | 54 | 07 0
93 | 77010-B—87-2—1-2 43.6 37 | 17 | 656 | 198 | 7.9 | 1.2 0
94 | 77010-B—10-3-5-6 445 40 | 14 | 650 | 203 | 87 | 05 0
95 | 77010—-B—87—-2—18—7 445 37 | 1.7 | 650 | 20 | 89 | 1.5 0
96 | 76152—B—2—-8—4-9-3 44.2 37 | 15 | 652 | 194 | 7.7 | 25 0
97 | 76152-B—2—-1-1-16 43.1 39 | 1.3 | 587 | 287 | 62 | 1.2 0
98 | 76152—-B—2-8-3—-2-3 42.8 42 | 16 | 618 | 247 | 65 | 12 0
99 | 78113-B—-5-1-2—1 44.6 39 | 15 | 642 | 203 | 83 | 1.7 0
100 | 78113—-B—6—1-3—1 43.9 42 | 13 | 620 | 21.3 | 93 | 1.9 0

¥ PAL : Palmitic acid, STE : Stearic acid, OLE : Oleic acid, LNL : Linoleic acid,
LIN : Linolenic acid, EIC : Eicosenoic acid, ERU : Erucic acid.
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Table 12(1). Combining ability test of F1 hybrids with high oleic acid.

Combination Flot\ir\fntiging Matti%ieng Plant height | Ear lenght | No. of si%\ilc(l)ﬁa()fpn
(month. day) |(month. day) (cm) (em) branches t?gcénrﬁén
MS/76052—B—69—1—6—1—1 4.18 6.11 145 56 10 59
MS/76052—B—69—1—-6—2—1 4.19 6.12 148 51 11 61
MS/76052—B—69—1—6—4—1 4.16 6. 9 143 63 12 63
MS/76052—B—69—1—6—14—1 4.18 6.11 152 55 10 58
MS/84055—-B—10—3—-1-2 4.14 6. 4 157 58 11 56
MS/84038—B—-19—-1-3—4 4.16 6. 8 152 52 10 51
MS/84004—-B—-10—1-2-5 4.15 6. 5 159 57 11 53
MS/84004—B-1-2-6—5 4.18 6.10 161 62 11 64
MS/84010-B—-31-3-1—-1 4.15 6. 5 158 53 10 55
MS/84013—-B-6—-3-3-6 4.17 6.10 149 61 10 59
MS/84013-B—11-3-2-1 4.16 6. 9 145 58 11 57
MS/84014—-B—2—4—-4-1 4.17 6.11 166 59 12 61
MS/8516—B—3-5—-3-5 4.18 6.11 156 54 10 52
MS/76018—B—82—-1—-1-1 4.15 6. 8 154 57 11 53
MS/76157-B—5—5—-1-12—1 4.14 6. 4 149 54 10 56
MS/78113—-B—-5-1-2-1 4.16 6. 9 151 53 11 58
MS/78113-B-6—-1-3-1 4.17 6.10 158 55 11 57
MS/78111-B-5—-4—-1-1 4.16 6. 8 162 63 11 62
MS/78111-B-5-5-1-3 4.15 6. 7 147 58 10 59
MS/78111-B—8—-1—-1—4 4.16 6. 8 158 61 11 58
o)A (H]) 4.15 6.5 124 32 9 48




Table 12(2). Combining ability test of F; hybrids with high oleic acid.

Rate of setted Tai Lodging Disease

Combination Les?l%él&e()f No. of"lseeds seeds IV,‘VOG()lgks}-'t:e%fs degree degree

(cm) per siaue (%) (2) 0~9) | (0~9)
MS/76052—-B-69—1-6—-1—1 5.3 25 93 4.1 1 0
MS/76052—-B-69—1-6—2—1 5.5 26 92 4.0 1 0
MS/76052—-B—69—1-6—-4—1 4.9 27 94 4.0 1 0
MS/76052—-B—69—1—-6—-14—1 5.2 25 93 4.2 1 0
MS/84055—-B—10—-3—-1-2 4.6 24 91 4.3 1 0
MS/84038—B—19—-1-3— 4 4.8 23 95 4.4 3 0
MS/84004-B—10—1-2— 5.2 25 94 4.3 1 0
MS/840047B71727673 5.1 24 96 4.1 3 0
MS/84010—-B—31-3—-1—1 5.4 25 95 4.5 1 0
MS/84013—-B—6—-3—-3—6 4.9 24 96 4.3 3 0
MS/84013-B—-11-3-2—1 4.4 23 93 4.2 1 0
MS/84014—-B—2—-4—-4-1 5.1 26 95 4.3 1 0
MS/8516—B—3—-5-3-5 4.8 24 96 4.5 1 0
MS/76018—B—-82—-1-1-1 4.7 25 94 4.2 1 0
MS/76157—-B—5-5—-1—-12—1 4.4 24 95 4.0 1 0
MS/78113—-B—5—-1-2—1 5.2 27 94 4.0 1 0
MS/78113-B—6—-1-3—1 4.9 24 94 4.2 3 0
MS/78111-B-5-4—-1-1 4.7 23 93 4.3 3 0
MS/78111-B-5-5-1-3 5.2 26 91 4.4 1 0
MS/78111-B-8-1—-1—-4 4.8 24 95 4.3 1 0
e A (i) 3.7 20 94 4.0 0 0

Note: Dasease

Sclerotinia sclerotiorum, Stem Rot/White
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Table 13. Fatty acid composition of restore lines with high oleic acid.

No. Line name Oil—content Fatty acid composition (%)

(%) PAL. STE. OLE. LNL. | LIN. | EIC. | ERU.

1 76052—-B—69—1—6—1—1 45.3 3.9 1.8 68.4 17.4 6.5 1.9 0
2 76052—-B—69—1-6-2—1 44.2 4.4 1.7 65.2 19.6 7.3 1.7 0
3 76052-B—69—-1-6-4—1 43.9 4.7 1.4 64.9 20.2 7.2 15 0
4 | 76052-B—69-1-6-14—1 14.6 1.2 1.8 66.2 18.7 3.2 0.8 0
5 84055-B—10—-3—1-2 44.7 3.8 2.2 64.3 20.8 7.6 1.2 0
6 84038—B—19—-1-3—4 43.8 15 1.3 65.8 21.3 6.2 0.8 0
7 84004-B—10—-1-2-5 44.3 4.4 15 66.2 19.3 7.4 1.1 0
3 84004-B—1-2-6-5 445 4.2 1.3 63.8 22.7 6.5 1.4 0
9 84010-B-31-3-1—1 45.2 3.7 2.6 64.5 21.4 6.2 15 0
10 84013-B—6-3-3-6 45.4 18 1.2 65.3 18.3 3.6 1.7 0
11 84013-B-11-3-2—1 44.9 3.8 1.5 62.4 23.5 6.6 2.1 0
12 84014-B-2-4—4—1 43.4 4.1 1.4 66.1 19.3 3.1 0.9 0
13 8516-B—3—-5-3-5 45.1 4.7 1.4 64.7 20.7 7.6 0.8 0
14 76018—B-82—1-1—1 44.7 3.9 15 64.2 20.3 3.3 1.7 0
15 | 76157-B—-5-5-1—-12—1 146 1.2 1.3 62.0 21.2 9.3 1.9 0
16 78113-B—5-1-2-1 146 3.8 15 62.4 23.4 6.7 2.1 0
17 78113-B—6-1-3—1 43.9 15 1.4 62.7 21.9 3.8 0.6 0
18 78111-B—5-4—1-1 45.2 1.3 15 62.1 22.3 9.1 0.6 0
19 78111-B—5-5-1-3 45.3 15 1.4 62.7 21.9 3.8 0.6 0
20 78111-B—8-1-1-4 42.6 4.3 1.5 62.1 22.3 9.1 0.6 0
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Table 14. Preparation of Fi hybrids for combining ability test.

No. Combination Seed weight (g) No. Combination Seed weight (g)
1 MS/82009—-B—65—-2-2 42 11 MS/77010-B—-87-2-18-7 38
2 MS/82009—-B—69—-2-2 45 12 MS/76152—-B—2-8—-4-9-3 39
3 MS/82009-B-76—1-1 36 13 MS/77010-B—-87—2—1-2 42
4 MS/82009—-B—-82—-1-3 34 14 MS/8516—B—5-6—-5—1 28
5 MS/8516—B—5-6—5-3 29 15 MS/77010-B=10-2-16-2 36
6 MS/8516—B—=5—-6—4—2 41 16 MS/76152-B—2-1-7—-1-1 32
7 MS/8516—B—5—-6—1-2 38 17 MS/8630—B—30—2-1-2 45
8 MS/8512—B—58—-7—-3-3 37 18 MS/8634—B—10—2-3—1 29
9 MS/8634—B—1-3—1-8 31 19 MS/78113-B=5-1-2-1 33
10 MS/77010-B-10—3-5-6 44 20 MS/82009—-B—-83—-1—-1—4 37

Table 15. Fatty acid composition of restore lines of preparated Fi; hybrids.

No. Line name Oil—content Fatty acid composition (%)
(%) PAL. STE. OLE. LNL. LIN. EIC. ERU.

1 82009-B—65—2—-2 44.7 4.5 1.7 68.4 18.7 5.4 1.2 0
2 82009-B—69—-2-2 45.2 4.6 1.6 69.2 16.7 6.7 1.1 0
3 82009-B-76-1—-1 44.8 3.5 2.1 68.2 18.3 6.3 1.5 0
4 82009-B—82-1-3 44.6 4.2 1.5 67.5 18.2 7.2 1.3 0
5 8516—B—-5—-6—-5-3 42.6 4.2 2.1 69.1 19.7 3.8 1.0 0
6 8516—B—5—-6—4-2 42.7 4.3 1.7 64.3 22.3 6.1 1.2 0
7 8516—B—-5—-6—-1-2 44.7 3.8 1.5 67.6 18.7 7.2 1.1 0
8 8512—-B—-58-7-3-3 45.2 4.6 1.6 67.6 18.4 6.2 1.5 0
9 8634—B—-1—-3—1-8 44.7 4.0 1.3 69.5 16.0 7.8 1.3 0
10 77010—-B—10—3—-5-6 44.5 4.0 1.4 65.0 20.3 8.7 0.5 0
11 77010-B—87—-2—18-7 44.5 3.7 1.7 65.0 20 8.2 1.3 0
12 76152—B—2—-8—-4-9-3 44.2 3.7 1.5 65.2 19.4 7.7 2.4 0
13 77010—-B—87—2—-1-2 43.6 3.7 1.7 65.6 19.8 7.9 1.2 0
14 8516—B—5—-6—5—-1 43.7 4.3 1.4 66.2 20.3 6.5 1.2 0
15 77010-B—-10—-2—-16-2 42.8 4.3 1.6 64.3 22.3 6.2 1.2 0
16 76152-B-2-1-7-1-1 42.9 4.5 1.7 64.0 21 7.6 1.1 0
17 8630-B—-30—-2—-1-2 45.2 4.6 1.0 64.2 22.2 6.7 1.2 0
18 8634-B—-10—-2—-3-1 42.7 4.3 1.6 64.3 22.3 6.2 1.2 0
19 78113-B—-5—-1-2-1 44.6 3.9 1.5 64.2 20.3 8.3 1.7 0
20 82009—B—83—-1—-1-4 44.7 4.2 1.7 64.3 22.3 6.2 1.2 0
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Table 16. Combining ability test of F; hybrids with high oleic acid.

o Flovyering Mat'uring Disease Lodging Yield
No. Combination time time degree degree FI1(%) (ke/10a) Index
(month. day)|(month. day)| (0~9) (0~9)

1 MS/8634—B—-30—3-3-2 4.15 6. 4 0 1 91.0 461 102
2 MS/78113—-B—6—4—4-2 4.16 6.7 0 5 93.2 447 99
3 MS/84010—B—27—4—-2-7 4.12 5.31 0 1 95.5 465 103
4 MS/84005-B—6—4—2—1 4.17 6. 6 0 5 77.0 447 99
5 MS/84010—-B—24—-6—-5-4-3 4.15 6. 6 0 5 93.2 442 98
6 MS/76052—B—69—-1-6—19 4.12 5.30 0 1 91.0 459 102
7 MS/8630—B—6—2—1-3 4.13 6. 1 0 1 88.8 452 100
3 MS/82090-B—15—1-3 4.14 6.8 0 5 91.0 437 97
9 MS/82090-B—83—-1—1 4.13 6.5 0 1 93.2 458 101
10 MS/76156—-B—10—-3—-1-7 4.16 6.8 0 5 88.8 432 96
11 MS/76161-B—2—-2-2-2~1 4.13 6.5 0 5 95.5 428 95
12 MS/76062—-B-69-2-1-1 4.15 6. 7 0 5 77.0 429 95
13 MS/76052—B—5—4—4-3 4.12 6. 1 0 3 88.8 451 100
14 MS/77010-B—12-3-3-6 4.13 6.3 0 1 91.0 453 100
15 MS/8516—B—6—-5—2—2 4.15 6. 7 0 5 88.8 442 98
16 MS/84005-B—6—5-5—1 4.16 6.8 0 5 77.0 418 92
17 MS/84005—-B—13—-1-4-2 4.16 6.8 0 5 88.8 407 89
18 MS/J8634—-B—30—4-1-3 4.15 6.5 0 1 93.2 467 103
19 MS/J8634—B—36—2-3-2 4.15 6.5 0 1 95.5 463 102
20 MS/J8630—B—33—2-2-2 4.14 6.3 0 1 91.0 463 102

Check Sunmang(MS/53%111%.) 4.18 6.9 0 3 93.2 451 100
FI(Fertility Index) = (— "~ — % x g5y + (B 793 45,

6.0— 1.4 12.0—- 5.3
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Table 17. Fatty acid composition of F; hybrids with high oleic acid.

No. Line name Oil—content Fatty acid composition (%)

(%) PAL. | STE. | OLE. | LNL. | LIN. | EIC. | ERU.
1 MS/8634—-B—30—3-3-2 45.3 4.2 1.5 69.4 | 18.8 5.4 0.7 0
2 MS/78113—-B—6—4—4-2 44.9 4.5 1.1 67.2 | 19.9 5.9 1.4 0
3 MS/84010—-B—27—-4—-2-7 44.2 4.1 1.9 68.8 | 17.4 6.9 0.9 0
4 MS/84005—B—6—4—2—1 43.3 4.9 1.5 67.8 | 18.8 6.2 0.8 0
5 MS/84010—B—24—6—-5—4—3 44.2 4.4 1.5 66.8 | 18.5 6.7 2.1 0
6 MS/76052—B—69—-1-6-19 44.7 3.9 1.5 69.2 | 17.7 5.7 2.0 0
7 MS/8630-B—6—2—1-3 45.3 4.1 1.2 67.7 | 20.9 5.4 0.7 0
8 MS/82090—B—15-1-3 43.2 4.4 2.1 68.7 | 19.8 3.8 1.2 0
9 MS/82090—B—83—-1-1 44.2 4.3 1.7 68.3 | 18.3 6.2 1.2 0
10 MS/76156—-B—10—-3—-1-7 43.3 4.6 1.5 69.7 | 16.7 6.2 1.1 0
11 MS/76161-B—2—-2-2-2-1 44.2 3.8 1.5 68.6 | 17.6 7.2 1.3 0
12 MS/76062—B—69—-2—-1-1 44.7 4.2 1.8 66.7 | 20.8 5.2 1.3 0
13 MS/76052—B—5—-4—4-3 45.3 4.5 1.1 67.3 | 19.8 5.9 1.4 0
14 MS/77010-B—12-3-3-6 44.6 4.6 1.6 69.6 | 16.4 6.3 1.5 0
15 MS/8516—-B—6—5—-2—2 44.2 4.1 1.3 69.9 | 17.8 5.8 1.1 0
16 MS/84005—B—6—5-5—1 43.3 3.9 1.4 67.3 | 18.9 6.9 1.6 0
17 MS/84005—B—13—-1—4-2 44.2 4.0 1.3 68.2 | 19.1 5.9 1.5 0
18 MS/J8634—B—-30—4—1-3 44.7 4.2 1.4 | 70.5 | 16.7 5.9 1.3 0
19 MS/J8634—B—36—2—3-2 44.8 4.8 1.8 69.2 | 18.9 4.5 0.8 0
20 MS/J8630—B—33—-2—2-2 45.3 4.1 1.4 68.7 | 18.6 5.8 1.4 0
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Table 18(1). Combining ability test of F; hybrids with early mature and

simultaneous maturation for double—cropping.

Combination Flot\ﬁigng Mattilirrlieng Plant height | Ear lenght | No. of siﬁgﬁaogn

(month. day)|(month. day) (cm) (cm) branches | the main

raceme
MS/&Feh-f-3) 4.15 6.7 147 58 11 57
MS/u gk-f-3) 4.17 6.9 143 61 11 59
MS/ 42 4.15 6.7 156 54 12 53
MS/ €] -] 4.13 6.3 146 57 11 56
MS/refr1 4.20 6.13 154 62 12 59
MS/EE59% 4.15 6. 8 144 55 11 54
MS/5-E64% 4.15 6.7 157 58 12 58
MS/EZ68% 4.18 6.11 153 53 11 59
MS/EZ113% 4.18 6.10 141 62 11 54
MS/EZ114% 4.16 6. 8 148 52 10 55
MS/8630—B—39—-2—5-5 4.17 6. 9 139 53 10 58
MS/76052—B—69—1—6—19 4.15 6. 6 147 58 12 61
MS/8630—B—6—-5—3—6 4.17 6.10 149 57 11 59
MS/76052—B—2-7—3-5 4.18 6.12 146 49 11 57
MS/YL-MB-50-2—5—4 4.17 6.11 155 54 12 60
MS/YL-MB-41-2-2-2 4.16 6.9 153 52 10 62
MS/82090—B-15-1-3 4.15 6.7 148 60 11 63
MS/82090-B—83-1-1 4.15 6.7 152 59 11 59
MS/76156—B—10—-3—1-7 4.17 6.9 146 53 12 58
MS/82007—B—48—2—1-2 4.18 6.11 152 49 10 56
ehe 2] (H)) 4.15 6.5 124 32 9 48

al
oy FHkjlE o] &% Al Fels Fukl w89 adE AR = ok
1B

W FAQl 2FEC] ERIE thh 2@ WoloA 2ho|WA TANSE WEHS: F
H v}

T
i)

o
o

| #gol 7t

‘%
FEfell A b 2]

rO
S
Y
=
fr o
2
i
I
=
2
=
=
ok
o
o
&
Gl
=
=
o
£
o
al
o:



Table 18(2). Combining ability test of F; hybrids with early mature and
simultaneous maturation for double—cropping.
Rate of . . i i
Combination Les?lgié}l]le()f No. of.seeds setted seeds Dlrectlo.n‘ of I:i%dg%leneg I?ifgerisj
(cm) per silique (%) setted silique (0~9) (0~9)
MS/gheh-f-) 4.8 25 94 T4 0 0
MS/u g5l 5.1 24 96 vk 2] 0 0
MS/% 2k 4.6 24 89 T4 3 0
MS/gHm] 5= 5.5 24 96 vk 2] 0 0
MS/e-ah-5-=H 5.3 23 92 T4 1 0
MS/E 3595 5.5 23 93 vk =2 1 0
MS/=¥64% 5.2 25 95 vk 2] 1 0
MS/=F68% 5.3 23 91 T4 3 0
MS/%=3%1133% 5.0 24 94 qk 2] 1 0
MS/EX114% 4.9 26 92 T4 3 0
MS/8630—B—39—2—-5—5 4.7 25 91 T4 3 0
MS/76052—B—69—1—6—19 4.8 24 95 vk 3 0 0
MS/8630—B—6—5—3—6 5.1 25 96 gk 3 0 0
MS/76052—B—2—-7-3—5 5.3 23 92 3 1 0
MS/YL-MB-50—-2-5—4 4.9 25 89 3 1 0
MS/YL-MB-41-2-2-2 4.8 26 90 3 1 0
MS/82090—-B—15—-1-3 5.2 25 94 db =2 0 0
MS/82090—B—83—1—1 5.3 26 95 dk =2 0 0
MS/76156—B—10—3—1—7 4.8 27 95 db =2 0 0
MS/82007—B—48—2—1—2 5.1 24 91 3 3 0
e -2 (] H]) 3.7 20 94 vk =2 0 0
ZAE o] BAE X FAAASA 1UFdE Ao FAIE AE= 1xdd AAs
Adg Boz T2 W pA0) g 548 AHEA 717 whE s BsEy
S MSeoll Wujdle] F; hybridsE A3l th.

Table 19. Preparation of F; hybrids for combining ability test.

No. Combination Seed(;v)aght No. Combination Seed(:;;mght
1 MS/ k52 37 11 MS/76161-B—2-2-2—2—1 34

2 MS/ &5 32 12 MS/76062—B—66—2—1—1 31

3 MS/Em] A=) 34 13 MS/76052—B—2-7—3—5 38

4 MS/Z X645 41 14 MS/77010—-B—10—3—5—2 29

5 MS/Z¥113% 33 15 MS/8516—B—5-5—2—2 41

6 | MS/76052—-B—69—1-6-19 35 16 MS/8561—B—5-5-5—1 35

7 MS/8630—B—6-5—3—6 31 17 MS/8516—B—13-1—4-2 27

8 MS/82090—B—15-1-3 35 18 MS/J8634—B—30—4—1-3 33

9 MS/82090—B—83—-1—1 36 19 MS/J8634—B—36—2—3—2 36

10 | MS/76156—B—10—3—1-7 28 20 MS/J8630—B—33—2—2—2 35
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2%3to] 49 14U = 4Y0] waky 1 thSo & MS/aElaA, MS/J8634—B—30—4—1-3,
MS/8630—B—6—5—3—6, MS/82090—B—83—1—1, MS/76156—B—10—3—1—7, MS/76052—B—2—
7-3-59 6x3L 4Y 159F 3 wgr)

A7 s dulEF Aol 69 1190 vl MS/8516—B—13—-1-4—-27} 69 4U & 7Y
oju} whskar, MS/J8634—B—30—4—1-37} 6¢¥ 542 6Uo], MS/E1 527} 696U = 5Y
o], MS/8630—B—6—5—3—6, MS/82090—B—83—1—1, MS/76052—B—2—7—3—5 3%3}o] 64 7
& 49o] whglow Ny AL%7]7t 69 1192 28 MS/J8634—B—36—2—-3-2 Z§S
xﬂﬂfﬂ Urﬂi%] Z}EE 1~390] Witk A7 waEd 57 oA e AgFS

il

il

%‘%2 tllﬂl%%?l o] 162cmel B3| ﬂx‘ﬂﬂ o2 1~16cm #Folzl Aol ). o]
Ao Mrto] 65cm hH] MS/H¥6435 5 4%F% 0] 1~4em AAar, YA
1 Fe HA TXl = Aol 87lel Hlskel MS/8630—B—
6-5-3-6 & 2x3°] 17] Aom, MS/WeFA & 11x3e] 37/1= 29kar, MS/gHe}
7Z3kol OME 1 9 Btk 1535 Ao 65709 Hlske] MS/EH] A,
MS/76052—B—69—1—6—19, MS/76052—B—2—-7—3—5 3%&°] 6370& 27, MS/82090—B—83—
1-1, MS/8516—B—8-5—-2—22] 223}0] 6470 = 17] A3, MS/8516—B—10—5—5—19] 657
2 Zgton] MS/76062—-B—66—2—-1-1 5 13%¢2 1~47] o & Ao},

Table 20(1). Combining ability test of F; hybrids with early mature and

simultaneous maturation for double—cropping.

e / . No. of

Combination ! lot\ifvrggmg Mattil;rrlieng Pla“(tcge)lght Ear( (l;r)lght bi\;(;{cl?efs Stﬂleqﬁa(i)r{l

(month. day) | (month. day) raceme
MS/gke} - 4.15 6. 8 152 68 9 67
MS/u &l 4.16 6. 9 148 66 8 69
MS/8H] 34 4.14 6. 6 153 57 8 63
MS/53¥64% 4.18 6.10 149 69 8 66
MS/%5¥113% 4.18 6.10 158 63 9 64
MS/76052—B—69—-1-6—-19 4.16 6.9 146 62 9 63
MS/8630-B—6—-5—3—6 4.15 6. 7 155 58 7 68
MS/82090—-B—15—-1-3 4.17 6.10 157 59 8 69
MS/82090—-B—-83—1—1 4.15 6. 7 146 55 8 64
MS/76156-B-10-3-1-7 4.15 6. 8 153 54 9 66
MS/76161-B—2—-2—-2-2—1 4.16 6. 9 157 58 9 67
MS/76062—-B—-66—2—1—1 4.17 6.10 148 52 8 69
MS/76052—B—2-7—-3-5 4.15 6. 7 155 59 8 63
MS/77010-B—10-3-5-2 4.16 6. 8 148 57 8 67
MS/8516—B—8—-5—2—2 4.17 6.10 157 63 9 64
MS/8516—-B—10-5-5—-1 4.16 6.9 156 64 9 65
MS/8516—B—13-1—4-2 4.14 6. 4 155 61 8 66
MS/J8634—B—-30—4—1-3 4.15 6. 5 154 59 7 69
MS/J8634—B—36—2—-3-2 4.17 6.11 148 52 8 67
MS/J8630—B—33—-2—-2-2 4.17 6.10 161 66 8 68
Sunmang(MS/5¥111%) 4.18 6.11 162 65 8 65
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Table 20(2). Combining ability test of F; hybrids with early mature and

simultaneous maturation for double—cropping

o Lepgth of No. of seeds Rate of |Direction of| Lodging Disease
Combination silique I setted seeds setted degree degree
(cm) per silique (%) silique | (0~9) | (0~9)
MS/ a3 5.8 26 93 T3 0 0
MS/U] &3 5.2 24 95 3 0 0
MS/Em] =) 5.6 24 90 qk =2 1 0
MS/EEL 6435 5.7 25 93 3 0 0
MS/2¥2113% 5.8 24 91 5 1 0
MS/76052—B—69—1—6—19 5.6 24 92 3 1 0
MS/8630—B—6-5—3—6 5.8 24 94 427 3 0
MS/82090—B—15—1-3 6.3 25 93 3 1 0
MS/82090—B—83-1-1 6.0 26 95 427 3 0
MS/76156—B—10-3-1-7 5.9 25 93 53 1 0
MS/76161-B—2—-2—2—2—1 5.7 25 92 53 1 0
MS/76062—B—66—2—1—1 5.8 24 94 qk =2 1 0
MS/76052—B—2—7—3-5 5.7 26 95 vk 7 3 0
MS/77010—-B—10—3—-5-2 5.6 24 93 3 1 0
MS/8516—B—8—5—2—2 5.9 25 91 43 1 0
MS/8516—B—10—-5-5—1 5.8 26 92 53 1 0
MS/8516—B—13—1—-4—2 5.5 25 93 qk =2 3 0
MS/J8634—B—30—-4—1-3 6.3 27 94 427 3 0
MS/J8634—B—36—2—3—2 5.8 26 94 427 3 0
MS/J8630—B—33-2—2—2 6.1 26 93 3 1 0
Sunmang(MS/%2¥1113%) 5.7 24 92 qk =2 3 0
2. gor 9 A
ojrAtgow HAl xu FAASA 1UiES ddetsdl <719 canopy
structure7} o}F FRE asebi waEv, Ao A% fAe o] A A7
H (silique) ol Al F3Ad o] o] Folx|7] ufjitell, A EAe] AF-ef st g Fo| &
Aloll Aol Hi= Aol Aol wEkd FA] Aol 213 canopy structureS

Hahe 292 Adets ARR AEA) 24 FYRE Gl 2wr} Fasrh
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W, ¥ AYAEG} ERYEE ol Frlsk o FolA Awsokdrt o] B oleh
a4
3. 1% A9H$H L+ 2
7} ATEA

FAE JIBARRE B ARAE WSt FHHL FAEA7L olede Aol
Abdoln], B3] frAl PREA AR (BHa o] 25~75% W9 2A AH A ARl A
Sf ol AFHEW ola FFS §4 2 s AANE $HEFS 443

s T AR A 7Y Aoy ST 2o A
FA o] F4E FX87])7F o) H o Duvick 1970, Lee et al 1980, Mariani
1 |

s HAT F e Pront FEYA

oF AlFImol A Ajuf = o

nlo] Qo Y X 2= A E o A rE EFECGMS g AdtE Fy hybrids %359
&7 hybrid vigour JEe} A|HFHoZ 7|$7F tha A A A 2] A -S4

2 AuEa e FEAY] Feoby AlFEolA Fy hybridse] -3
Exz S olah udh 1tfE Aol A 9523 2359 <A 3

B3RS MSeF wujdte] AAE Fy hybrids 2023 A 31 o).

P Fy hybrids 20 23S S22 Tt FHEFE 1kg/10aE 71 E02 109
2390] WA, e FAREANEE A8

2GRS 2OV, 457, FFTA LG, BAF, 1585, 4995, 24
Mg, ARF F), BRAE, 7Y oMAEES 2ANAT. YRFFE Y27] 2
AE7) o F AF Aol 28] 2ASAG FHS 10aF o Bakste] T FEQ 1
oE A9 sk,



EREE A L
1A% F4E Fy hybrids®] A98$4 2 F342 A4S A9
A% 292 vy gL 2.
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139 3%0], MS/8634—B—1-3-1-8 5 428> 49 149 = 290], MS/82009—B—
89—2-1-1 % 5x32 190] waki, MS/8516—-B—5—6-5-3 % 6232 49 169% 2%
owm, UmA 3x%2 1~3Y =3

45715 69 3Y~69 1297b49 WA E vehda o, diuEEedl AdiA
327191 69 8ol Ml MS/8516—B—5-6-4—2%%t¢] 69 392 50|, MS/8634—B—
1-3-1-8, MS/8516—B—5—6—1—2, MS/8630—B—6—5—3—6, MS/77010-B—87—2—-1-2 % 5x3%t

o] 6 59 & 3¥0o], MS/YL-MB—61—4—2—29} MS/YL-MB—61-4-2-2¢] 2%3o] 64 6
A& 290] MS/82009—B—89—2—1—1, MS/82009—B—76—2—1—2, MS/8512— B—58—7—3—3
5 4x3o] 69 79R 1¥o] Wgkon MS/82009-B—76—3—2-2, MS/8516—B—5—-5—2—2
5 4x3o] 69 89 2ok, MS/8516—B—-5-6—5-3 5 U A 4238 Ak 1~49

o] =3t}

Fi hybrids®] 72 133~159cm WS YERAL glom, Ma-fA]e] 143cmel ]3]
MS/8630—B—6—5—3—6°] 133cm& 10cm, MS/82007—B—15—1—1-27} 134cmE 9cm,
MS/YL-MB—-50—2—-5-47} 137cm® 6¢m, MS/77010—-B—87—2—1-2¢} MS/YL—MB—61—
4—-2-29] 2%3%to] 139cm=E 4cm, MS/82009—B—76—2—1—27} 141cm=E 2cm, MS/8634—
B—1-3—-1-89} MS/8516—B—5—-6—4—29] 2%%to] 142cm& lem, 2F2F &%ar, MS/8516—
B-5—6—1—27} 143cm& #gkow MS/77010-B—87—2—18—7 % 11%%S 3~16cm © 4
ATt

Fi1 hybrids® 4% 42~49cm W& Yl dow, AdFA42 45cmel H] &)
MS/82007—B—15—1—-1-2 % 3%3%e] 42cm® 3cm, MS/8516—B—5—6—4—27} 43cm® 2cm,
MS/82009—B—89—2—1-1 % 2% o] 44cm& lcm, 2+2; 2Hgkal, MS/8516—B—5—6—1—2
5 3%%to] 45em=E #kow, MS/8634—B—-1-3—-1-8 5 11%%°] 1~4cm O A3

=
A TE 1029 1lkgs 7oz st 7| AI9F 2o graoj A st 23 gin] 5%
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Table 21(1). Local adaptability test of F; hybrids with high oleic acid in Muan on 2007.

) ) No. of | No. of
Combination Flot?rigmg Mattilirrliang hiliagriltt Bar lenght| No. of | standing (s)ﬁlcgﬁg
(month. day)|(month. day)| (cm) (cm)  [branches plant?per main
m raceme
MS/82009—-B—-89—-2—1—-1 4.15 6.7 154 44 11 113 68
MS/82009-B—-76—-2—-1-2 4.16 6.7 141 46 10 108 57
MS/8634—B—1-3—-1-8 4.14 6.5 142 47 9 109 59
MS/8516—B—5—-6—-5—-3 4.16 6.9 148 49 9 103 61
MS/82007-B—-15-1-1-2 4.13 6.5 134 42 9 113 61
MS/8516—-B—5—-6—-1-2 4.14 6.5 143 45 9 107 62
MS/8512—-B—58—7—-3-3 4.15 6.7 151 44 10 112 58
MS/8630—B—6—-5—3—6 4.14 6.5 133 46 10 106 57
MS/77010-B—87—2-1-2 4.14 6.5 139 47 11 104 62
MS/77010-B—10-3-5-6 4.16 6.7 157 42 11 118 62
MS/77010—-B—87—-2—18—7 4.17 6.10 159 45 10 107 64
MS/76152—B—2—8—4—9-3 4.16 6.8 151 46 11 109 62
MS/78113—-B—6—-4—1-5 4.19 6.12 156 47 11 106 63
MS/82009—-B—-76—-3—-2—2 4.16 6.8 157 42 12 106 63
MS/8634—B—10—-2—-3—1 4.19 6.12 147 47 15 118 64
MS/8516—B—5-5—-2—-2 4.16 6.8 154 45 11 107 66
MS/8516—B—5—-6—4—-2 4.13 6.3 142 43 9 109 59
MS/YL-MB—-50—-2—-5—4 4.15 6.6 137 48 13 112 60
MS/YL-MB—-61—-4—2-2 4.15 6.6 139 46 14 108 58
MS/76156—-B—10—-3—-1-7 4.15 6.8 147 46 13 114 61
Sunmang(MS/&¥111%) 4.16 6.8 143 45 11 113 53
HAAe A9 4.8cmel H3] MS/82009—-B—-89—-2—-1-1 & 12%%°] 0.1~1.6cm ®
1= o gskon], MS/82009-B—76-3-2-2 5 8% 0.1~0.7cm M9 & 1] 214313
“J/‘l/\l__

th J3Has 23~26709 RS e o, tiu el Ao 2470 H
3 MS/8516—B—5—6—1-2 5 4%3to] 17 2131, MS/82009—B—89—2—1—-1 % 8x3} o]
24702 ko, MS/8630—B—6-5-3-6 5 6%3o] 1~27] ¥ Zo] AT}
A8 S F; hybrids 202 25 91% ol o® & H&S yeuln Afgse
Al o] 4.2g0] vl MS/77010-B—87—2—-1-2 5 4%¢o] 0.1~0.2g MY =2 kL,
MS/8634—B—1-3-1-8 & 9x3h2 4.2g02 ko, MS/8516—B—5—-6-5-3 & 733>
0.1g =4 Yetyt, =85AEE MS/8516—-B—5—-6—1-2, MS/77010-B—10—-3—-5-6,
MS/78113—-B-6—-4—1-5, & MS/YL-MB—-61—-4—2—-2 5%%o] |3 Fxo|a, MS/
82009—B—89—2—-1-1 % 13%3}o] o}F I3t A= Vel on, MS/8634—B—1-3—1-8
o} MS/82007-B—15-1-1-29] 2x3te] o] dojipx] Fgtet. Wi 4w (tayy 2A)
= A TA 202F BTl dFsdl.

F1 hybrids®] %73 437~458kg/10a%] W& Holi glemn, MS/76156—B—10—3—
1-79} MS/78113—B—6—4—1-5¢] 2%3}o] z}7} 458kg=, MS/8516— B—5—6—5—230°] 457kg
2 %o A YEba, MS/76156-B-10-3-1-7 5 9%2%& 450kg./10a o] 4¢] &
A4S BT

Rl



Table 21(2). Local adaptability test of F; hybrids with high oleic acid in Muanon 2007.

o Length of| No. of Rate of | Weight of |Lodging| Disease Yield
Combination silique see@s per| setted |1,000 seeds| degree | degree (kg/102) Index
(cm) silique | seeds(%) (2) (0~9) | (0~9) [‘X®

MS/82009—-B—-89—-2—-1—1 4.5 24 92 4.2 1 0 453 101
MS/82009—-B-76—-2—-1-2 4.7 25 95 4.3 1 0 456 102
MS/8634—B—1-3-1-8 4.3 24 94 4.2 0 0 446 99
MS/8516—-B—5-6—-5—3 4.2 24 92 4.3 1 0 457 102
MS/82007—-B—-15—-1-1-2 4.3 24 95 4.3 0 0 452 101
MS/8516—B—5—-6—1-2 4.3 23 93 4.2 3 0 432 96
MS/8512—-B—58-7-3-3 4.6 24 92 4.3 1 0 449 100
MS/8630—-B—6—-5—3—6 5.2 26 93 4.1 1 0 451 100
MS/77010-B—-87-2-1-2 5.3 25 91 4.0 1 0 455 101
MS/77010-B-10—-3-5-6 4.9 24 91 4.2 3 0 433 96
MS/77010—-B—87-2-18-7 5.1 26 93 4.1 1 0 449 100
MS/76152—B—2—-8—4—-9-3 4.9 23 94 4.3 1 0 458 102
MS/78113-B=6—4—1-5 5.2 26 92 4.2 3 0 442 98
MS/82009—-B—-76—-3-2-2 5.5 25 94 4.2 1 0 439 98
MS/8634—B—-10—2-3—1 5.3 26 91 4.2 3 0 437 97
MS/8516—B—5—-5—2—2 4.6 23 93 4.1 1 0 442 98
MS/8516—B—5—-6—4—2 4.8 24 92 4.3 1 0 441 98
MS/YL-MB-50—-2-5-4 4.2 23 91 4.2 1 0 452 101
MS/YL-MB-61—-4—2-2 4.7 24 92 4.2 3 0 446 99
MS/76156—B—10—-3-1-7 4.5 24 93 4.3 1 0 458 102
Sunmang(MS/*3¥1113%.) 4.8 24 93 4.2 1 0 448 100

AFEqA DAL AFAR}E 5E7])7F 109 2592 Feto] 109154 KT} 10Y
o] il A%V W 5¢€ 2 ore] Hat 6¢ 109xETh 15Yojy WA Fy
hybrids®] A57|zbo] AA Ao = 25U} @FE o] 448459 hybrid vigour
o] wrE AL} Yok}, ulahx 4‘%}35 389~403kg/10a® F-orR = 40~50kg/10a
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Table 22(1). Local adaptability test of Fi hybrids with high oleic acid in Jeju island on 2007.

Fl : Maturi No. of No. of

Combination Ot\;iggmg attilirrliang Plan(tcrk&e)lght Ear( i;;‘ght bi\;%cﬁgs Sltaridmgr Stllilequrﬁa?r?

(month. day)|(month. day) pla o pe raceme
MS/82009-B—-89—-2—-1-1 3.27 5.28 137 45 10 108 52
MS/82009—-B—-76—2—-1-2 3.28 5.28 138 47 10 112 53
MS/8516—B—5—-6—-5—3 3.25 5.27 140 44 10 113 51
MS/82007—-B—15—-1-1-2 3.22 5.23 136 46 11 109 53
MS/8630—-B—6—-5—-3—6 3.25 5.26 142 45 10 113 52
MS/77010-B—=87-2-1-2 3.26 5.28 141 48 10 114 51
MS/77010-B—87-2-18-7 3.25 5.27 136 44 10 110 54
MS/76152—B—2—-8-4-9-3 3.26 5.27 137 44 10 111 52
MS/YL-MB-50—-2-5-4 3.25 5.25 140 45 11 112 51
MS/76156—B—10—-3—-1-7 3.26 5.27 136 46 10 117 53
Sunmang(MS/%3¥1113%) 3.25 5.26 135 44 10 109 51




Table 22(2). Local adaptability test of F; hybrids with high oleic acid in Jeju island on 2007.

Length of| No. of Rate of Weight of |Lodging| Disease .
.. . setted Yield
Combination silique |seeds per 1,000 seeds| degree | degree Index
. seeds (kg/10a)
(cm) silique (g) (0~9) | (0~9)
(%)

MS/82009—-B—-89—-2—-1—1 4.4 23 88 3.9 1 1 401 103
MS/82009—B—76—2—1-2 4.3 24 89 4.0 1 1 392 101
MS/8516—-B—5—-6—-5-3 4.3 23 88 4.1 1 1 394 101

MS/82007—B—15—-1—-1-2 4.4 23 89 3.9 1 1 397 102
MS/8630—-B—6—-5—-3—6 4.3 24 91 3.9 3 1 393 101

MS/77010—-B—87—2—1-2 4.4 23 89 4.1 3 1 395 101
MS/77010—-B—87—2—-18—-7 4.3 23 90 3.9 1 1 391 100
MS/76152—B—2—-8—-4-9-3 4.4 24 90 4.0 1 1 396 102
MS/YL-MB—-50—-2—-5—4 4.3 23 89 3.9 1 1 389 100
MS/76156—-B—10—-3—-1—-7 4.4 25 91 4.1 1 1 403 103
Sunmang(MS/=321113%) 4.3 23 39 3.8 1 1 389 100

2007l o]o] 2008 2dxte] A %A P F, hybridse] A 234 2 F3FAHS
Atz AdS T Ay A ozf;; Fi hybrids®] 7H3}7]= 4€ 129 ~44 16
A7bA ] WeE Blow, tuEFEe Ao 49 17 B 1~5 wE A3
ERQ1AL, 53] MS/82007-B-15-1-1-2, MS/76156—B—10—3-5-7, MS/76156—B—10—3—1—
MS/76052—B—69—1—6—19, MS/76052—B—5—4—4—3 523+ 49 129 = AR} 50| s}
A&7)= 59 309 ~64¢ 8U7bA 9] ®WSE B, tiuFEQ Ao 649 10Y Kot
= 2~11¥90] Wwskow E3] MS/76052—B—69—1—-6—19 %3ro] 5¢ 30U = 714 gk,
Itk o ® MS/76156—B—10—3—5-73 MS/76156—B—10—-3—1-7 2%go] 5¢ 31¥0|3 o
], MS/82007—B—15—1—-1—-2, MS/8630—B—6—2—1—3, MS/76052—B—5—4—4—32] 3%3}°] 6
4192 Al HA= wE =FEo|qdrh. A= st 7t wE el Ak et
A= e BT
102" lkgs 7l ® sto] 7| AlgF g ol gtaojx 9% A3 Fy hybrids®] 4%
& 154~178cm W= Ad-F-A9] 165cmell vl MS/77010-B—87-2-18—-7 & 11x8°]
1~13cm © =3I A AASY L, F, hybrids® A& AEFaA19 68cmol] H]3)
MS/76156—B—10—-3-5-7% 6%3%o] 1~6cm Y= o] A4&ac).
AT HFE Ad-Fae] EA 770l Bls) 2029 57 2 1~270 7)
] 2tth MS/76052—B—5—-4—4—3 %5 8%&0] 17H 2 Aar, MS/82009—B—-76—2—-1-2 5 7
Z3gto] Zokom, MS/76156—-B—10-3—-1-7 5 5%%to] 17) & 4SS HATH
REFEFE AuaAe] 1127040 v MS/77010 B-87-2-18-7 % 7x2%o°] 1~37) 4
om MS/J8634—B—30—4-1-3 % 3% 79k, MS/77010—B—87—5—1—4~ 1023
1~1170 o gtk 33 *dDP%xHA 687hl B8 MS/82007-B—-15—-1-1-2 %
go] 1~ 67H Ao, MS/J8630—B—33—2—-2-2 %5 5%3o] 2k, MS/76156—B—
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Table 23(1). Local adaptability test of F; hybrids with high oleic acid in Muan on 2008.

Flowering | Maturing No. of No. of
. R Plant . .
Combination time time height Ear lenght| No. of | standing |siliqua gn
(month. (month. (cm) branches |plant per|the main
(cm) ,

day) day) m raceme
MS/82009-B—-89—-2—-1—1 4.13 6. 2 167 65 8 112 71
MS/82009-B—-76—-2—-1-2 4.14 6.5 172 71 8 109 68
MS/8516—-B—5-6—-5—3 4.15 6. 6 164 73 9 115 68
MS/82007-B—15-1—-1-2 4.12 6.1 174 68 7 106 62
MS/8630—-B—6—-5—-3—6 4.13 6. 3 168 64 7 117 69
MS/77010-B—-87—-5—1—4 4.16 6.8 162 69 8 123 65
MS/76152—B—2—6—-5—4—-3 4.15 6. 6 168 66 8 106 69
MS/YL-MB-50—-2—-5—4 4.13 6. 2 162 61 9 118 69
MS/76156—B—-10—-3—-5—7 4.12 5.31 163 74 8 112 69
MS/8634—B—30—-3—-3—-2 4.15 6. 4 175 66 9 106 70
MS/76156—B—10—3—1-7 4,12 5.31 154 67 9 122 71
MS/76052—B—69—1—-6—19 4.12 5.30 163 63 7 114 68
MS/8630—-B—6—2—-1-3 4.13 6. 1 166 69 7 104 64
MS/82090—-B—-83—-1—-1 4.13 6.5 169 62 7 119 68
MS/76052—B—5—4—4-3 4.12 6. 1 163 68 7 125 66
MS/77010-B—-12-3-3-6 4.13 6. 3 167 69 7 116 67
MS/J8634—B—30—4—1-3 4.15 6.5 164 65 9 112 72
MS/J8634—B—36—2—3—2 4.15 6.5 168 68 8 109 69
MS/J8630—B—-33—2—2—-2 4.14 6.5 162 67 8 115 68
MS/77010—-B—87—-2—-18—7 4.16 6.8 178 66 7 102 65
Sunmang(MS/532111%) 4.17 6.10 165 68 7 112 68

Akal 9] 5.6cmoll H&) MS/76052—B—5—4—4-3 % 6%3°] 0.1~0.4cm ¥ 9
Forom | MS/8634—B—30—3-3-2 5 14%3S 0.2~1.1cm W= ©] A4t}
S Ao 24700 vl MS/8630—B—6—2—1-3 % 8%3%o] 1~371 ] A<
a1, MS/8630—B—6—5—-3—6 5 4%3Fo] #gtom MS/YL-MB-50—2-5-4 5 8%3o] 1~
370 o Wol AT AW &2 A1) 92%¢l Hs) MS/76052—-B—5-4-4-3 &
7%3%ko] 1~3% Sk, MS/82009—B-76—2—-1-2 5 8xgo] 7ekon MS/8630—B—6—
2-1-3 & 5x%o] 1~2% HUT}.

AGSE Aol 4.1g0] vl8] MS/8630-B—6—5—3—6 2 MS/76052—-B—5—-4—4—3 2%
0.1g 7P AL, MS/82009—B—89—2—1—-1 % 10232 7Zokon, MS/76152—B—2—6—
5—4-3 5 8%F> 0.1g ¢ FAAL

ERAEE MS/77010-B—87-5—1—4%3to] 9zt mi5 Aao|qlar, 1 9 192F>
A w7t A 2 ko] Smjste] FRFo] AstE Ao iR ofu Rt}

Fi hybrids® T3S 451~467kg/10ae] WSS Holial lomw A<
454kg/10a ©l| B]&] MS/82009—B—89—2—1—1, MS/82009—B—76—2—1—2, MS/76152—B—2—
6—5—4—3, MS/YL-MB—50—2—5—4, MS/8634—B—30—3—3—2, MS/76156—B—10—3—1-7,
MS/ J8634—B—30—4—1-3, MS/J8634—B—30—4—1—3, MS/J8630—B—33—2—2-2 % 9%+
460kg/10a o]/ S Bt
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Table 23(2). Local adaptability test of F; hybrids with high oleic acid in Muan on 2008.

Length of No. of | Rate of | Weight Lodging | Disease .
Combination silique seeds | setted |of 1,000 degree | degree Vield Index
(em) ‘p.er seeds | seeds 0~9) | (0~9) (kg/10a)
silique (%) (g)

MS/82009-B—89—-2—-1—-1 5.8 25 92 4.1 1 0 463 102
MS/82009-B—-76—2—-1—2 6.2 25 92 4.1 1 0 461 101
MS/8516—B—5—6—5—3 6.3 23 92 4.2 1 0 459 101

MS/82007-B—15-1—-1-2 5.5 22 93 4.1 1 0 454 100
MS/8630—B—6—-5—-3—6 5.4 24 93 4.0 1 0 457 100

MS/77010—-B—87—-5—-1—4 6.5 23 91 4.1 3 0 452 99
MS/76152—-B—2-6—-5—-4-3 6.3 27 91 4.2 1 0 462 102
MS/YL-MB-50-2-5-4 6.4 28 92 4.1 1 0 464 102
MS/76156—-B—10-3—-5-7 6.2 22 91 4.2 1 0 458 100
MS/8634—B—30—3—3—2 6.7 26 92 4.1 1 0 461 101
MS/76156—B—10—3—-1-7 5.9 28 93 4.2 1 0 465 102
MS/76052—-B—69—-1-6—19 5.5 24 91 4.2 1 0 459 101
MS/8630—-B—6—2—1-3 5.4 21 94 4.1 1 0 452 99

MS/82090—-B—-83—-1—-1 5.7 23 92 4.2 1 0 458 100

MS/76052—B—5—-4—4—-3 5.3 21 89 4.0 1 0 451 99
MS/77010-B-12-3-3—6 5.5 22 90 4.1 1 0 453 100
MS/J8634—B—30—4—1-3 6.7 25 93 4.2 1 0 467 103
MS/J8634—B—36—2—3—-2 6.5 26 92 4.2 1 0 463 102
MS/J8630—B—33—-2-2-2 6.4 24 92 4.1 1 0 463 102
MS/77010-B—87-2-18-7 5.7 24 91 4.1 1 0 452 99
Sunmang(MS/=¥111%) 5.6 24 92 4.1 1 0 454 100

F717F 102 25U & F<te] 10¥15¢ K 10
AL 69 393} 2o} Fy hybridse] A7k
)| AR 459 hybrid vigour?] W& AL} ok
. EAI8E 20%3F Fy hybrids®] 7187]+= 39 229 ~3¢Y 28YU71#| 9 MY E HGlon,
5 FEo] guEEA Ao 3¢ 28¢ HoeE 1~69 wE 4TS YeEd
U} MS/8516—B—5—6—5—3, MS/77010—B—87—5—1—4, MS/76152—B—2—6—5—4—39] 323}
UO
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o
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Fab W37 7F 2dth Ad47]E 59 30€~69 8Y7kA o WS B, YHEE

Arte] 69 7ol Hls| MS/77010—B—87—-5—1—4, MS/76152—B—2—6—5—4—34 2%5to]
1%1 =ow, ymA 182FEE 1~8do] Wyt

FQrol A ef 3ol 10a% lkge 710 = ato] 7|AlgEFA o gFolA sFg A3

F; hybrids®] 73-& Aaf-A2] 154cmol vl 8] MS/76152—B—2—6—5—4—3, MS/82090—

B—83—1—1, MS/82007—B—15—1-1-2 % 8%3%}0] 1~7cm = 2F3kar, MS/8634—B—30—

Zetol Zgkom, ymA 1123=

3—3-2 £¥ & 1~10cm AATh F42 FtoAHn &
A% RE 2EEC O HEO BAFE AL V) U Btk ARFFE 2710k
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Table 24(1). Local adaptability test of F; hybrids with high oleic acid in Jeju island on 2008.

Flowering Maturing Plant N No. <Of NO of

Combination time time height har((l;gght bNO'\Of‘ st'andmg siliqua on

(month. day)|(month. day)| (cm) ) ranches plant/per the main

m raceme
MS/82009-B—-89—-2—-1-1 3.24 6. 1 159 51 9 115 63
MS/82009-B-76—2—1-2 3.25 6. 1 153 53 9 116 62
MS/8516—B—5—-6—5-3 3.28 6. 6 158 55 9 112 61
MS/82007-B—15—-1-1-2 3.23 5.31 149 49 9 109 56
MS/8630—B—6—5—3—6 3.25 6. 2 155 47 9 105 55
MS/77010-B—87—5-1—4 3.28 6.8 152 52 9 108 58
MS/76152—B—2—-6—5—4—3 3.28 6.8 147 44 9 115 63
MS/YL-MB-50—2-5—4 3.24 6. 2 151 56 9 116 62
MS/76156—-B—10—-3-5-7 3.23 5.30 165 55 9 112 57
MS/8634—B—30—3—-3-2 3.22 5.30 154 52 9 116 61
MS/76156—B—10—3-1-7 3.25 6. 3 152 56 9 118 64
MS/76052—-B—69-1-6—-19 3.26 6. 6 157 48 9 104 53
MS/8630—B—6—-2—1-3 3.25 6.5 153 47 9 106 55
MS/82090-B—83—-1—1 3.24 6. 4 148 45 9 107 56
MS/76052—-B—5—-4—4-3 3.22 5.30 162 42 9 114 51
MS/77010-B—12—3-3-6 3.23 6. 2 159 43 9 113 52
MS/J8634—B—30—4—-1-3 3.26 6.5 163 56 9 121 63
MS/J8634—B—36—2—-3-2 3.27 6. 6 164 53 9 118 62
MS/J8630—B—33—-2-2-2 3.25 6.5 158 52 9 116 62
MS/77010-B—87—-2-18-7 3.26 6. 6 155 51 9 108 57
Sunmang(MS/5¥1113.) 3.28 6. 7 154 48 9 113 58

Table 24(2). Local adaptability test of F; hybrids with high oleic acid in Jeju island on 2008.

o Ler}gth of | No. of Rate of |Weight of| Lodging | Disease Yield
Combination silique see@s per setted 1,000 degree | degree (kg/10a) Index
(cm) silique | seeds(%) |seeds(g)| (0~9) | (0~9)
MS/82009-B—89—2—1—1 5.8 25 92 4.0 1 0 397 102
MS/82009—-B-76—2—1-2 5.6 24 91 4.0 1 0 392 101
MS/8516—B—5—-6—5-3 5.7 24 91 4.0 1 0 391 101
MS/82007-B—15—-1—-1-2 5.8 22 90 4.0 1 0 387 100
MS/8630—-B—6—-5—3—6 5.2 21 93 3.9 1 0 382 99
MS/77010-B—87—-5—-1—4 4.9 21 91 3.9 3 0 383 99
MS/76152—-B—2-6—-5—4-3 5.6 26 91 4.0 1 0 395 102
MS/YL-MB-50—2-5—4 5.5 26 92 4.0 1 0 395 102
MS/76156-B—10—-3-5-7 4.8 22 91 3.9 1 0 386 100
MS/8634—B—-30—3-3-2 5.2 25 92 4.1 1 0 392 101
MS/76156-B—10—3—-1-7 5.7 26 93 4.1 1 0 396 102
MS/76052—B—69—-1-6—19 5.1 22 91 4.0 1 0 388 100
MS/8630—B—6—2—1-3 4.9 22 94 3.9 1 0 382 99
MS/82090-B—83—-1—1 4.8 21 92 3.9 1 0 381 98
MS/76052—B—5—4—-4-3 4.8 20 89 3.9 1 0 379 98
MS/77010-B—12—3-3-6 4.7 20 90 3.9 1 0 378 97
MS/J8634—B—30—4—1-3 5.7 26 93 4.1 1 0 399 103
MS/J8634—B—36—2—3-2 5.4 25 92 4.1 1 0 394 102
MS/J8630—-B—33—2—-2-2 5.3 25 92 4.0 1 0 391 101
MS/77010-B—87-2-18-7 5.1 23 89 3.9 1 0 384 99
Sunmang(MS/5-3111%.) 5.2 24 91 4.0 1 0 387 100
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Table 25. Effect of chemicals and spraying times for control of stem rot(.Sclerotinia

sclerotiorum).
. . . . No. of No. of Attack rate | Control rate Chemicals
Spraying time Chemicals checked attacked (%) (%) damage
plants plants v v (0~9)
3 2 v =314 200 72 36.0 33.9 0
Flowering Bl %5517 200 67 33.5 38.5 0
time
2] 2523} A 200 29 14.5 73.4 0
3 2 v =31 A 200 34 17.0 68.8 0
The high W% 5514 200 27 13.5 75.2 0
peak time of PR
flowering 2=m] 8 24 5h A 200 11 5.5 89.9 0
A g 200 109 54.5 - -
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15mme| 7|tk sclerotia?b 2 F&olA WFol FAHL &7 vl g o
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<ol H7|%= gt

Sclerotiat= 7~10d &<t A&l 7H53kar, wheF sclerotiaZt EF9] 45 S (5cm)oll
234 =W Polrt Bk sclerotiayx Za, AA Rl A A (fruiting  body,
apothecia) 7} B2 Zdste] wrEof XA €r) ol st F4d A A (fruiting body)
= LAAERY 4 AAAR Hi F(E)H} ZFE AEEER Yods A
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Al gk A, ek, @RS FAAER 89 Gamma-ray$t X-rayg ZH7)
S A st MiAltE SFAsHHA AR Aed=
LDsos stotzxl AE&7 #F3H, Aeesd= s, A7 9 248 AT
WA S Ak FEdE MpAlgol A %717 weE HAES 14 24083 & 24}

Aol A At A S Fote] S S AT
MoAltholl Al Gamma—ray 600, 800 2 1,000kr ] &]<F=olA & 4tk d&ko] 70% 7}
AdkE AlES MzAdel As

w58 oA U el ¥ F AF AHE
=

M

FEeke A ERETE F9kv]el ol ol ke
Asee] Fd& aAstEA Axk Adek 5 22k Aol AdEAS ko] &9
A FHFE AT

£ YA S AEste] MoAdalA St dFo] w2 AES 7] A6t &
TaAE F&IA ¥ wWdE S d58 weEAsS 9AA W F
doubled—haploidE AAtste] AAp A= FEE A F At F&Fe] =of
AlA gho] uAE ATe AL HHom Ay WA A FAAER
ol &at Tl fA, debfA, WA, Hre8s o] v v At &S wd F 2

v Gz, s, stE QAT 5)S GHIA T
MAIHE At A9 AEAZE 240 7~8w A= H/E w7tx] S5 F
2007 1ol vidahg-2oll FAstar sk~ 55 20~25C/10C(5/°h 2 =43k
ANEAE FAST 2 FE 2 A AHEERE 2ol 1~97 B= Jistelr] A&
o] S AFH st e Aol 2.0~2.5mm, 2.5~3.0mm, L 3.0~3.5mme| 37}
Go g Uro], o)y Ztzt Huo g HE 207 AR 3 S 70%9 EtOH| 30%7F
=3 T8 Tween 208 1~2%2 #H7bs 1% NaClOgMd 1587 TAAES &
T2 43 AFegin). A 3EE A Yal 13%9] sucrose’t #7heE Bo5H)
A (Gamborg et al., 1968) 10mlE #H7}st & #AV|2 g5 & o70] LxAE FE s}
o] 42 m9 nylon mesh® o ¥}&}ar 15ml 9] falcon tubeo] Ho} 1,000rpmolA] 5&7F ¥
A E Stk A dS WEa Inle BoujA R et & dEo] e ANATS
223817 ¥8te] 24/32/40% 2] percollS Z+ZF 2ml A o wel 15ml 9] falcon tubedl
=< 12 ¢ Ay 8 1nlE Uk 5 2A=HA FYsL 1,000
rpmoll A 53 YA F 32%9] percollFol ¢l

of -3t o] &of 5mle] B5uIAIE 7hste] dEAIZl F 0.1 mlS FHshe] &
T A7 (haemocytometer) S ©]-&3ko] Axake] WEES S48k 1,000 rpmol A 51t
AARZE 3 T A=do B AAE A2FXAES 13%9 sucrose?t 1mg/L NAA
9} 0.0mg/L BA7} &% NLN #§ %] (Nitsch & Nitsch, 1967)& 23X} WE7} 5x107/
m7b ¥ 5= @ESte] 35mm X 10mme] wjFF Aol 3nl# FE55ke] 32.5C2] ¢
A 3Lzt wgFst =, 25C FEE SHAA A& wgsialnt
MF 45 ¥ FAE AFAEE 100me] AhEekssel] 30mle] NLN  wjx]ef A
100rpmo. 2 HEujdS 315, A E vl MS(Murashige & Skoog, 1962) LA 8] X
of x]443te] 25Tl A 16h/day FF7]1= wigstadct. A= FAHE oo ANxE 45
AR FA3 WX 2 Al S-S AT
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Table 26(1). Comparison of survival rate by gamma—ray treatment.

200, 400, 600, 800 2 1,000krS = &3}
S B ugkiA, shebaA 2
600krol| A FHAEEo

Weha 3EE b Az Ha

Gamma-—ray (kr)

100 200 400
Variety No. of No. of Survival No. of No. of Survival No. of No. of Survival
planted survival rate planted survival rate planted survival rate
plants plant (%) plants plant (%) plants plant (%)
Nahanyuchae 200 167 83.5 200 157 78.5 200 132 66.0
Hallayuchae 200 158 79.0 200 143 71.5 200 126 63.0
Tammiyuchae 200 176 88.0 200 164 82.0 200 138 69.0
Average 600 501 83.5 600 464 77.3 600 396 66.0
Table 26(2). Comparison of survival rate by gamma-—ray treatment.
Gamma-—ray (kr)
600 800 1,000
Variety No. of No. of Survival No. of No. of Survival No. of No. of Survival
planted survival rate planted survival rate planted survival rate
plants plant (%) plants plant (%) plants plant (%)
Nahanyuchae 200 104 52.0 200 84 42.0 200 36 18.0
Hallayuchae 200 98 49.0 200 73 36.5 200 28 14.0
Tammiyuchae 200 109 54.5 200 91 45.5 200 47 23.5
Average 600 311 51.8 600 248 41.3 600 111 18.5
Table 27(1). Comparison of survival rate by X—ray treatment.
X—ray(kr)
100 200 400
Variety No. of No. of Survival No. of No. of Survival No. of No. of Survival
planted survival rate planted survival rate planted survival rate
plants plant (%) plants plant (%) plants plant (%)
Nahanyuchae 200 164 82.0 200 148 74.0 200 116 58.0
Hallayuchae 200 168 84.0 200 152 76.0 200 119 59.5
Tammiyuchae 200 182 91.0 200 173 86.5 200 142 71.0
Average 600 514 85.6 600 473 78.8 600 377 62.8
Table 27(2). Comparison of survival rate by X—ray treatment.
X—ray(kr)
) 600 800 1,000
Variety No. of No. of Survival No. of No. of Survival No. of No. of Survival
planted survival rate planted survival rate planted survival rate
plants plant (%) plants plant (%) plants plant (%)
Nahanyuchae 200 98 49.0 200 68 34.0 200 35 17.5
Hallayuchae 200 94 47.0 200 61 30.5 200 29 14.5
Tammiyuchae 200 104 52.0 200 87 43.5 200 56 28.0
Average 600 296 49.3 600 216 36.0 600 120 20.0




st EFe

X—rayZ 100, 200, 400, 600, 800 2 1,000kr?] 6FF0 =2

A 2 " EAR skl MpAdiel A Hd FAT AES MeAldol ﬂ
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Table 28. Number of selected lines by X—ray treatment.

Variet Level of treatment(kr)

Y 100 200 400 600 800 1,000
Nahanyuchae 43 41 45 48 38 35
Hallayuchae 42 40 40 42 41 -
Tammiyuchae 47 48 44 52 41 34

Total 132 129 129 142 120 69
Table 29. Comparison of maximum and minimum about fatty acid by X-ray
treatment in Nahanyuchae.
Level of treatment Fatty acid composition(%)
(kr) Item PAL. STE. OLE. LNL. LIN. EIC. ERU.
100 Max. 4.4 2.5 63.3 17.4 10.8 1.6 0
Min. 4.3 2.2 58.8 22.1 11.5 1.1 0
200 Max. 4.2 2.4 63.5 17.5 10.3 2.1 0
Min. 4.3 1.8 58.8 22.2 11.5 1.4 0
400 Max. 4.2 2.7 64.4 18.2 8.3 2.2 0
Min. 4.3 2.5 60.4 23.5 8.1 1.2 0
600 Max. 4.3 2.3 64.7 19.3 7.6 1.8 0
Min. 4.3 2.3 60.4 24.1 7.6 1.3 0
300 Max. 4.8 2.2 65.7 18.2 7.2 1.9 0
Min. 4.4 2.4 62.9 20.6 7.5 2.2 0
1.000 Max. 4.8 2.3 65.8 19.1 6.5 1.5 0
’ Min. 4.5 2.5 62.4 22.3 7.4 0.9 0
Before treatment = 4.6 1.5 58.7 22.7 11.8 0.7 0




Table 30. Comparison of maximum and minimum about fatty acid by X-ray
treatment in Hallayuchae.
Level of treatment It Fatty acid composition(%)
(kr) em PAL. STE. OLE. LNL. LIN. EIC. ERU.
100 Max. 16 1.6 65.4 17.9 9.4 1 0
Min. 1.9 2.2 62.2 20.7 8.7 3 0
200 Max. 1.1 1.9 65.4 18.3 9.1 2 0
Min. 3.9 2.4 62.7 21.4 3.3 1.3 0
100 Max. 1.3 2.1 65.7 20.2 6.9 3 0
Min. 1.2 2.2 63.5 21.6 7.3 2 0
600 Max. 1.5 2.4 65.8 19.6 6.5 2 0
Min. 1.6 2.4 64.1 21.1 6.4 1 0
300 Max. 1.7 2.3 65.8 18.9 7.1 2 0
Min. 1.8 2.6 64.4 20.3 6.6 1.3 0
Before treatment — 4.0 1.7 64.9 18.9 9.7 0.8 0
Table 31. Comparison of maximum and minimum about fatty acid by X-ray
treatment in Tammiyuchae.
Level of treatment It Fatty acid composition(%)
em
(kr) PAL. STE. OLE. LNL. LIN. EIC. ERU.
100 Max. 1.2 2.4 64.1 18.9 3.6 15 0
Min. 1.8 2.4 62.7 21.2 7.5 A 0
200 Max. 1.3 2.6 64.7 18.1 3.4 9 0
Min. 1.4 2.6 63.2 20.3 i 3 0
100 Max. 14 2.2 65.6 10.7 7.3 3 0
Min. 1.8 2.3 63.8 20.3 7.2 1.6 0
600 Max. 1.5 2.4 65.6 10.6 6.6 1.3 0
Min. 1.3 2.2 64.2 21.9 6.3 T.1 0
300 Max. 1.4 2.4 66.8 20.2 5.5 0.7 0
Min. 1.9 2.6 64.3 20.2 7.2 0.8 0
1.000 Max. 1.3 2.2 67.4 18.9 5.9 1.3 0
’ Min. 1.7 2.1 64.1 22.2 5.7 1.2 0
Before treatment — 4.3 2.2 62.4 21.1 8.2 1.8 0
Table 32. Number of selected lines Gamma—ray treatment.
Variet Level of treatment(kr)

Y 100 200 400 600 800 1,000
Nahanyuchae 35 40 45 48 35 35
Hallayuchae 35 40 45 42 35 —
Tammiyuchae 42 43 45 50 40 35

Total 112 123 135 140 110 70

Table 33. Comparison of maximum and minimum about fatty acid by Gamma-—ray

treatment in Nahanyuchae.

Level of treatment

Fatty acid composition(%)

Item
(kr) PAL. STE. OLE. LNL. LIN. EIC. ERU.
100 Max. 4.7 2.3 64.5 15.6 7 .2 0
Min. 4.2 2.6 58.3 21.6 .8 .5 0
200 Max. 4.2 2.2 64.7 15.7 .5 7 0
Min. 4.4 2.4 58.3 21.8 .8 .3 0
400 Max. 4.5 2.4 65.8 18.3 8.1 0.9 0
Min. 4.6 2.6 61.4 20.9 9.2 1.3 0
600 Max. 4.8 2.5 65.7 17.2 8.4 1.4 0
Min. 4.3 2.3 63.2 21.5 7.9 0.8 0
300 Max. 4.3 2.5 67.2 16.9 8.4 0.7 0
Min. 4.7 2.4 64.7 19.2 7.9 1.1 0
1.000 Max. 4.1 2.6 68.3 15.4 8.3 1.3 0
’ Min. 4.8 2.2 64.7 19.4 7.7 1.2 0
Before treatment — 4.6 1.5 58.7 22.7 11.8 0.7 0




Table 34. Comparison of maximum and minimum about fatty acid by Gamma-—ray

treatment in Hallayuchae.

Level of treatment It Fatty acid composition(%)
(kr) em 1.2 2.3 65.7 18.8 7.8 1.2 0
100 MZ}X. 5.2 2.1 64.1 17.8 9.2 1.6 0
Min. 4.2 1.8 66.4 21.3 5.5 0.8 0
200 Max 4.5 1.8 64.1 22.7 5.7 1.2 0
Min. 4.7 2.5 67.8 19.4 4.9 0.7 0
400 MaX 4.3 2.4 66.1 20.4 5.9 0.9 0
Min. 5.3 1.8 67.5 19.4 4.8 1.2 0
600 MZ}X. 4.7 1.8 65.8 21.4 5.1 1.2 0
Min. 4.4 2.2 68.2 19.3 5.2 0.7 0
300 Max. 4.7 2.4 65.7 20.2 5.7 1.3 0
Min. 4.0 1.7 64.9 18.9 9.7 0.8 0
Before treatment — 4.0 1.7 64.9 18.9 9.7 0.8 0

Table 35. Comparison of maximum and minimum about fatty acid by Gamma-—ray

treatment in Tammiyuchae.

Level of treatment I Fatty acid composition(%)
(kr) em PAL. STE. OLE. LNL. LIN. EIC. ERU.
100 Max. 4.2 2.2 64.7 20.1 7.9 0.9 0
Min. 4.3 2.2 62.8 21.8 8.2 0.7 0
200 Me}x. 5.2 2.2 64.8 19.4 7.6 0.8 0
Min. 4.4 2.4 63.1 21.6 7.7 0.8 0
400 Max. 5.3 2.5 65.9 18.6 6.8 0.9 0
Min. 5.1 1.8 64.1 21.2 6.9 0.9 0
600 Max. 4.9 1.8 72.4 15.2 4.8 0.9 0
Min. 4.4 2.6 66.7 20.4 4.7 1.2 0
300 Me}x. 4.7 2.2 73.5 14.5 4.2 0.9 0
Min. 4.6 1.9 66.7 20.8 5.2 0.8 0
1.000 Max. 4.3 2.1 73.5 14.5 4.8 0.8 0
’ Min. 4.2 1.9 66.7 21.6 4.3 1.3 0
Before treatment — 4.3 2.2 62.4 21.1 8.2 1.8 0
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Table 36. Oleic acid distribution of selected lines by 800kr level of Gamma—ray

treatment in M3 generation.

Oleic acid
ltem 71.0 | 712— | 715— | 718~ | 721— | 724— | 727— | 730— 733— 73.6
less 71.4 | 71.7 | 72.0 | 72.3 | 72.6 | 72.9 | 73.2 : more Total
73.5
than than
Line number 10 1 2 1 3 11 5 5 6 1 45

Table 37. Oleic acid distribution of selected lines by 1,000kr level of Gamma—ray

treatment in Ms generation.

Oleic acid
Item 71.0 71.1— 72.0— 72.3— 72.6— 72.9— 73.2— 73.6
less 71.9 72.2 72.5 72.8 73.1 73.5 more Total
than than
Line number 7 2 3 6 6 0 2 1 27

Table 38(1). Fatty acid composition of high oleic acid of selected lines in Ms generation.

. Oil content
No. Line name Mutagen (%) PAL. | STE. | OLE. | LNL. | LIN. | EIC. | ERU
Gamma-—ray

1 TL-MB-1-1 (600kr) 44.5 43 |19 |703|181 1] 45 | 0.9 0
2 TL-MB—-1-2 ! 44.3 3.5 | 1.5 | 714|176 | 52 | 0.8 0
3 TL-MB—-1-3 ! 44.7 4.2 | 1.3 |70.7 174 1] 56 | 0.8 0
4 TL-MB—-4-1 ! 44.2 45 | 25 |71.2 158 ] 5.1 | 0.9 0
5 TL-MB—4-2 ! 45.1 4.7 | 1.6 | 715|152 | 53 | 1.7 0
6 TL-MB—4-3 ! 44.6 4.2 | 1.8 |{70.9]16.8| 5.1 1.2 0
7 TL-MB—-6-1 ! 44.3 44 | 23 | 724|154 1] 46 | 0.9 0
8 TL-MB—-6-2 ! 45.2 4.1 1.9 | 71.9]16.2| 5.1 | 0.8 0
9 TL-MB—-6-3 ! 44.6 43 | 15 | 721|159 | 5.3 | 0.9 0
10 TL-MB-10-1 ! 44.2 5.2 | 2.3 170.6|16.1| 4.9 | 0.9 0
11 TL-MB-10—-2 " 43.9 48 | 1.9 | 71.2|158 | 5.2 | 1.1 0




Table 38(2). Fatty acid composition of high oleic acid of selected lines in Ms generation.

. Oil content
No. Line name Mutagen (%) PAL. | STE. | OLE. | LNL. | LIN. | EIC. | ERU
, Gamma-—ray
12 TL-MB-10-3 (600kr) 45.2 44 | 21 |709|16.1] 5.6 | 0.9 0
13 TL-MB—-11-1 ! 44.8 4.3 | 22 |71.3|15.7] 5.3 | 1.2 0
14 TL-MB—-11-2 " 44.3 4.1 | 21 |71.8|155 | 5.4 | 1.1 0
15 TL-MB-11-3 ! 45.1 39 | 23 |71.6|153| 5.6 | 1.3 0
16 TL-MB-12-1 " 44.9 46 | 25 | 724|151 ] 46 | 0.8 0
17 TL-MB—-12-2 " 44.7 3.8 | 1.9 | 728|154 | 5.2 | 0.9 0
18 TL-MB-12-3 ! 44.2 43 | 1.8 | 721|156 | 49 | 1.3 0
19 TL-MB-18-1 ! 45.1 4.7 | 26 | 71.2|15.1] 5.3 | 1.1 0
20 TL—MB—-18-2 " 44.6 4.3 21 716|164 | 44 1.2 0
21 TL-MB—-18-3 ! 44.3 42 |19 |71.8|1159 | 5.3 | 0.9 0
22 TL-MB-20-1 " 45.2 45 | 1.8 |724116.3] 4.2 | 0.8 0
23 TL-MB—-20-2 " 44.6 42 | 1.6 | 728|174 1] 35 | 0.5 0
24 TL-MB—-20-3 ! 44.2 3.9 | 1.5 |71.4]16.9| 51 | 1.2 0
25 TL-MB-24-1 ! 43.9 44 |19 |706|16.9] 49 | 1.3 0
26 TL-MB—-24-2 " 44 .4 4.2 | 1.8 | 71.3 158 | 5.7 | 1.2 0
27 TL-MB-24-3 " 44.5 4.1 1.6 | 70.2]16.9| 6.3 | 0.9 0
28 TL-MB-25-1 " 44.3 49 | 23 | 71.3|16.1| 4.6 | 0.8 0
29 TL—MB—-25-2 " 44.7 4.4 21 | 71.6 156 | 5.2 1.1 0
30 TL-MB—-25-3 ! 44.2 4.2 119 | 715|168 49 | 0.7 0
31 TL-MB-27-1 ! 45.1 43 | 25 | 712|165 4.8 | 0.7 0
32 TL-MB-27-2 ! 44.6 4.7 | 1.7 | 709 |17.4 | 4.7 | 0.6 0
33 TL-MB—-27-3 " 44.3 45 | 1.8 |71.6|16.8| 4.8 | 0.5 0
34 TL-MB—-29-1 " 45.2 49 | 1.8 | 724|152 | 48 | 0.9 0
35 TL-MB—-29-2 " 44.6 43 | 1.6 |726|16.1 ] 49 | 0.5 0
36 TL-MB—-29-3 ! 44.2 4.2 | 1.7 |72.2|16.6 | 46 | 0.7 0
37 TL-MB-32-1 ! 43.9 46 | 26 |71.2|16.2 | 46 | 0.8 0
38 TL-MB—-32-2 " 45.3 44 | 1.8 |71.6 |16.8| 4.7 | 0.7 0
39 TL-MB-32-3 ! 44.2 4.1 1.9 | 71.8]16.2| 5.1 | 0.9 0
40 TL—-MB—-38—1 ! 44.2 4.2 2.3 |70.6|17.4| 4.3 1.2 0
41 TL-MB—-38-2 ! 44.7 4.1 | 21 |71.2|16.6 | 5.3 | 0.7 0
42 TL—MB—-38-3 ! 44.3 43 | 1.8 |71.6 158 | 49 | 1.6 0
43 TL-MB-39-1 ! 45.1 44 | 24 |71.3|16.4] 48 | 0.7 0
44 TL-MB-39-2 ! 44.6 45 1 1.9 |70.8|16.7 | 5.2 | 0.9 0
45 TL-MB—-39-3 ! 44.3 42 | 22 |71.6|16.8| 46 | 0.6 0
46 TL-MB—-41-1 " 45.2 52 | 1.9 | 70.6 |16.7 | 4.7 | 0.9 0
47 TL-MB—-41-2 " 44.6 4.3 | 1.8 |704116.9] 59 | 0.7 0
48 TL-MB—-41-3 ! 44.2 4.7 | 1.7 |70.816.3 | 5.3 | 1.2 0
49 TL-MB—-42-1 ! 45.1 4.3 | 23 |71.3116.2 ] 4.8 | 1.1 0
50 TL-MB—-42-2 ! 44.9 3.8 | 1.7 |71.6 | 17.3 | 4.9 | 0.7 0
51 TL-MB—-42-3 ! 44.7 3.7 | 1.9 | 71.2 176 | 4.7 | 0.9 0
52 TL-MB—-43-1 ! 44.2 46 | 2.2 |70.8|16.4] 5.1 | 0.9 0
53 TL—MB—-43-2 ! 45.1 4.2 | 1.8 |70.3|16.6 | 5.8 | 1.3 0
54 TL—MB—-43-3 ! 44.6 4.1 1.9 | 71.2]16.9| 5.2 | 0.7 0
55 TL—-MB—-46—1 " 44.3 4.5 22 | 71.217.2 | 4.2 0.7 0
56 TL-MB-46-2 ! 45.2 3.4 | 1.8 | 716|172 | 5.2 | 0.8 0
57 TL-MB—-46—-3 ! 44.6 3.4 | 21 |71.8]|16.9| 49 | 0.9 0
58 TL-MB—-48-1 ! 44.2 4.4 | 1.8 | 724|157 | 44 | 1.3 0
59 TL-MB—-48-2 " 43.9 4.3 | 1.6 | 727|156 | 4.7 | 1.1 0
60 TL-MB—-48-3 ! 44 .4 45 | 1.8 |71.8116.2 | 4.8 | 0.9 0




Table 38(3). Fatty acid composition of high oleic acid of selected lines in Ms generation.

. Oil content
No. Line name Mutagen (%) PAL. | STE. | OLE. | LNL. | LIN. | EIC. | ERU
Gamma-—ray .
61 TL-MB-51-1 (800kr) 44.5 4.7 | 2.3 |71.6|15.7 ] 4.6 | 1.1 0
62 TL-MB-51-2 ! 44.3 43 119 |71.8|158 | 53 | 0.9 0
63 TL-MB-51-3 ! 44.7 45 ] 21 |721|15.1] 55 | 0.7 0
64 TL-MB-52—-1 ! 44.2 44 | 1.8 | 735|152 4.2 | 0.9 0
65 TL-MB-52-2 " 45.1 4.2 119 | 731|156 | 44 | 0.8 0
66 TL-MB-52-3 ! 44.6 43 | 1.7 | 72.8 159 | 4.6 | 0.7 0
67 TL-MB-56—1 ! 44.3 5.2 | 25 [725(13.8| 5.1 | 0.9 0
68 TL-MB—-56—2 ! 45.2 45 | 21 |72.7|133] 6.2 | 1.2 0
69 TL-MB-56—3 ! 44.6 48 | 2.2 | 724|136 ] 59 | 1.1 0
70 TL-MB-58-1 ! 44.9 46 | 2.3 |70.4|17.3] 4.6 | 0.8 0
71 TL-MB-58-2 ! 44.1 48 | 2.2 |70.6|16.1| 54 | 0.9 0
72 TL-MB-58-3 ! 43.8 44 | 24 | 715|156 | 53 | 0.8 0
73 TL-MB-63—1 ! 44.6 44 | 22 | 725|157 43 | 0.9 0
74 TL-MB-63-2 ! 45.2 4.2 | 2.1 | 727|157 4.6 | 0.7 0
75 TL-MB-63-3 ! 44.8 4.1 ] 1.9 | 731|152 1] 49 | 0.8 0
76 TL-MB-64—-1 " 44.3 4.7 | 2.3 | 735|142 42 | 1.1 0
77 TL-MB—-64—2 " 45.2 44 | 21 |732|153] 4.3 | 0.7 0
78 TL-MB—-64-3 ! 44.6 4.3 | 2.2 | 733|149 4.7 | 0.6 0
79 TL-MB-68—1 ! 44.2 4.3 | 25 | 725|147 | 4.7 | 1.3 0
80 TL-MB-68-2 ! 43.9 4.1 | 2.2 | 728|146 | 5.6 | 0.7 0
81 TL-MB-68-3 ! 44.4 44 | 26 | 72.6|14.3| 55 | 0.6 0
82 TL-MB-70-1 ! 44.5 44 | 23 |70.4|17.2 48 | 0.9 0
83 TL-MB-70-2 ! 44.3 4.2 | 21 |71.2|17.3] 44 | 0.8 0
34 TL-MB-70-3 ! 44.7 43 1 1.9 |70.8|17.8| 45 | 0.7 0
85 TL-MB-75-1 ! 44.2 43 | 22 |725|15.1 | 4.7 | 1.2 0
36 TL-MB-75-2 ! 45.1 4.2 | 1.8 |72.2|16.3| 4.7 | 0.8 0
87 TL-MB-75-3 ! 44.6 4.4 | 1.7 |72.6|15.7 | 44 | 1.2 0
88 TL-MB-76—-1 ! 44.3 46 | 25 | 735|139 44 | 1.1 0
89 TL-MB-76—2 " 45.2 4.7 | 21 | 73.2|12.7] 6.4 | 0.9 0
90 TL-MB-76—-3 ! 44.6 48 | 1.9 | 73.8|12.6 | 5.8 | 1.1 0
91 TL-MB-80—-1 ! 44.2 4.2 | 25 | 725|154 ] 46 | 0.8 0
92 TL-MB—-80-2 ! 44.7 45 | 21 |723|146 | 54 | 1.1 0
93 TL-MB-80-3 ! 45.2 43 | 1.8 | 726|148 | 5.3 | 1.2 0
94 TL-MB-82-1 ! 44.4 4.7 | 2.3 | 70.4|17.2 | 4.7 | 0.7 0
95 TL-MB-82-2 ! 44.8 45 | 21 |70.9|16.8| 49 | 0.8 0
96 TL-MB-82-3 ! 44.6 4.2 | 2.3 |70.8|16.5] 5.3 | 0.9 0
97 TL-MB-84-1 ! 44.2 43 | 26 | 725|143 ] 5.1 | 1.2 0
98 TL-MB—-84-2 ! 44.5 4.2 | 2.2 |72.6|14.7] 5.2 | 1.1 0
99 TL-MB—-84-3 ! 43.9 4.1 | 2.4 | 728|148 | 46 | 1.3 0
100 TL-MB-86—1 ! 44.8 45 | 23 | 704|173 ] 46 | 0.9 0
101 TL—-MB—-86—2 ! 44.3 46 | 2.2 |70.6|16.8| 5.1 | 0.7 0
102 TL-MB—-86—3 ! 45.2 4.3 | 24 |70.7|17.2 ] 46 | 0.8 0
103 TL-MB-87-1 ! 44.6 4.7 | 2.2 | 735 |145] 4.2 | 0.9 0
104 TL-MB-87-2 ! 44.2 4.3 | 21 |73.2|143] 54 | 0.7 0
105 TL-MB-87-3 " 43.9 4.2 119 | 733|142 | 58 | 0.6 0
Gamma-—ray . .
106 TL-MB-91-1 (1000kr) 44.4 43 | 21 |735|145] 48 | 0.8 0
107 TL-MB-91-2 ! 44.5 4.1 ] 1.9 | 732|152 ] 49 | 0.7 0
108 TL-MB—-91-3 " 44.3 4.2 | 1.8 [ 73.6|14.9] 4.7 | 0.8 0




Table 38(4). Fatty acid composition of high oleic acid of selected lines in Ms generation.

. Oil content
No. Line name Mutagen (%) PAL. | STE. | OLE. | LNL. | LIN. | EIC. | ERU
Gamma-—ray
109 TL-MB-95-1 (1,000kr) 44.7 45 | 24 | 725|142 55 | 0.9 0
110 TL-MB—-95—-2 ! 44.2 4.1 | 2.2 |72.3|15.7] 48 | 0.9 0
111 TL-MB—-95-3 " 45.1 3.9 | 25 | 727|152 | 49 | 0.8 0
112 TL-MB-97-1 ! 44.6 54 | 1.9 | 704 |16.4| 4.6 | 1.3 0
113 TL-MB—-97-2 " 44.3 48 | 2.2 |70.2|16.7] 5.2 | 0.9 0
114 TL-MB-97-3 ! 45.2 46 | 1.9 | 71.4]16.2 ] 48 | 1.1 0
115 TL-MB-102—-1 " 44.6 4.5 2.3 | 722|155 4.1 1.4 0
116 TL-MB-102-2 " 44.2 4.1 | 24 | 725|154 ] 48 | 0.8 0
117 TL-MB-102-3 ! 44.7 4.2 | 21 | 728|157 ] 43 | 0.9 0
118 TL-MB—-103-1 ! 45.2 52 | 24 |70.3|16.7| 46 | 0.8 0
119 TL-MB—-103—-2 ! 44 .4 49 | 22 708 |16.8| 4.1 | 1.2 0
120 TL-MB—-103-3 ! 44.8 45 | 25 |704116.2] 55 | 0.9 0
121 TL-MB—-111-1 ! 44.6 54 | 26 | 725|13.8| 4.6 | 1.1 0
122 TL-MB—-111-2 ! 45.2 4.3 | 22 | 728|146 ] 5.3 | 0.8 0
123 TL-MB—-111-3 " 44.1 45 | 23 |72.4 144 5.7 | 0.7 0
124 TL-MB-113—-1 " 44.3 4.1 | 2.3 |70.4|17.9] 44 | 0.9 0
125 TL-MB-113-2 " 44.8 44 | 21 | 715|151 ] 56 | 1.3 0
126 TL-MB-113-3 ! 44.3 4.2 | 2.3 |70.8]|15.4 | 6.1 1.2 0
127 TL-MB-118-1 " 44.7 48 | 2.3 | 722|154 1] 44 | 0.9 0
128 TL-MB-118-2 ! 44.5 45 | 22 | 726|142 | 56 | 0.9 0
129 TL-MB-118-3 ! 44.6 43 | 21 |72.8|13.7] 6.3 | 0.8 0
130 TL-MB—-123-1 " 44.2 4.2 | 24 |725 155 4.1 | 1.3 0
131 TL-MB—-123-2 ! 44.3 4.3 | 2.2 | 728|148 4.7 | 1.2 0
132 TL-MB—-123-3 ! 45.1 45 | 23 |722|1149] 52 | 0.9 0
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wmstelth 8% 277 20mmelstd W F EE T8 4RA7]el AP, 2.0~
25mmel A B 685 187] 2719t F717b e Qo B gAls T2 197
2719 £EAZ i AA5n 9 25~3.0mmel M BE 685 197] B
bt e QA 187] 719 B0k W5d ngR REIUY 3.0~3.5mm
oA =mE 685 19)7] WIlsh 287] %] Be] molw glov] HehiAE 18]

7], 187] “‘7] 9 287 7] Eo] 2T EXHUY 3.5~4.0mmolA= FE 68
o= 297] o] Utk E At 9lar, 137] 7] shto] 2FH ol ¥ HEo
Aot E‘Hlvth 1817] 7] §Hﬂ—°l otE 2 skal 28)7] shato] 1= woll o
I AT 4.0~4.5mmoll A E3XE 6359 VA 2%F +8] 234 i 39 3t
ol o] yEha glov Hx 685 7F 394 sk #EVF o gtk 2 3y
FE A= g7 F7)e) wE shEdSe] WAHE ko tha zo)7F ASES B
FaL gk m=g dnd #F StellA FF shE Av]d wE axA wjdel] Z&o
F2 187 @] e 2987] 7] shito] Weol wx o] v AVIE EUvHE 5
AH F A2 WSS & AAHES FEahs AAYAAS AXH A o) AL
BEES FolIE stEE E Ao RbgA v Aike] ol AW debfiAlE A
of Aaste] AAEE st Aol £5 oz ddH A

2.0mm 1655 | 5 0~2.5mm | 2.5~3.0mm | 3.0~3.5mm | 3.5~4.0mm | 4.0~4.5mm

Figure 2. Comparison of microspore development on Mokpo68# in vivo.

2.0~2.5mm‘2.5~3.0mm 3.0~3.5mm | 3.5~4.0mm | 4.0~4.5mm

Figure 3. Comparison of microspore development on Tammiyuchae 7 vivo.
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Aokt shE7F ARl wel Axae] HSARE AR Aot Al 3t
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LU(late uninucleate stage) 30.7%, VG(Vegetatlve and generative nuclei present)
63.8%, VSS(vegetative and two nuclei present) 5.5%5 A3t AU T G| F-2=
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LU 5.1%, VG 89.4%, VSS 5.5%% #A3til AATE dsHA= =77 3.5~
4.0mmol A v AAke] o]Folgom o] F7]9 5 AFXAEL LU 14.4%, VG
59.2%, VSS 26.4%E AA|stal AAY. H¥ 685 % 82 A7|7F 3.5~4.0mmolA] 1] A
Aol o] o=, o] A7]9 g5 AXAES LU 22.4%, VG 77.6%E5 A3l
Rom, hehfA, BuA, Wi ARte AXAEY] BHo] ot g A ]
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Table 39. Comparison of genotype, bud—size and microspore nuclear stage on

embryo yield from isolated microspore culture in winter—type(Brassica

napus L.)
, Bud size Stage of pollen development(%) Embryo
Variety (mm) TE EU MU LU VG VSS | Number
2.0~2.5 10.0 90.0 - - - - -
2.5~3.0 - 11.1 24.1 73.8 - - -
Hallayuchae 3.0~3.5 - - 25.2 53.6 21.2 - -
3.5~4.0 - - - 30.7 63.8 5.5 12
4.0~4.5 - - - - 58.8 41.2 -
2.0~2.5 20.8 79.2 - - - - -
2.5~3.0 - 10.0 26.5 63.5 - - -
Tammiyuchae 3.0~3.5 - - - 28.4 71.6 - -
3.5~4.0 - - - 5.1 89.4 5.5 92
4.0~4.5 - - - - 56.8 43.2 -
2.0~2.5 20.3 79.7 - - - - -
2.5~3.0 - 35.0 47.2 17.8 - - -
Nahanyuchae 3.0~3.5 - - 37.8 53.6 8.6 - -
3.5~4.0 - - - 14.4 59.2 26.4 32
4.0~4.5 - - - - 20.0 80.0 -
2.0~2.5 72.7 27.3 - - - - -
2.5~3.0 - 60.0 40.0 - - - -
Mokpo68 # 3.0~3.5 - - - 80.0 20.0 - -
3.5~4.0 - - - 22.4 77.6 - 45
4.0~4.5 — = — = 72.3 27.7 —

Note : TE, tetrad stage; EU, early uninucleate stage; MU, mid uninucleate stage;
LU, late uninucleate stage; VG, vegetative and generative nuclei present; VSS,
vegetative and two nuclei present.
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2FAH(A)E 32.5C9]
Aol AR ARlelH (B), A&dte] 2EF 2
AEE AE7} i3] Bdetel(C) 78 27
T3 v 7} W*Hﬂ AlAFete] (D) Sto = o] 7hsstglth W 3~4F o= A
x} X}O%Jr v = 2 “"r‘ﬂﬂ FAE, e e 2S #2FT 5 AT} o]= Bang 5(1991)
Aol v B EHet 719

ol;’qﬁ]. 7337,}._2‘ E_oﬂr/]_
A HiYF 45 Fol] vjAA MAFE A

ofF Wgkfafoll A i S MErt EgkEd, 3

T W7 7B =9k "@rla e AS 1~2709) v AlE ?‘fé*é'é}oq BH*M] s 3
N=7F 74 Azt gkgle] A7) whE wpdA vkgs Hd defAlE 2.5~3.0
mm®] A7 A widA B W=7 b S RAIRE WA= 3.0~3.5mme] 3}
g A7|ol A wigA B NEE RS A JEbsth whebA] AXEAFRRE A 2

A eSS ST HeliMs A Ao ted AxAE et e dEE

Figure 4. Induction of embryogenesis from isolated microspores culture of B napus L.
A: Freshly isolated microspores. Bar=10gm; B: First cell division in microspores after
3 days in cultured at 32.5C, Bar=10um; C and D: Cell clusters formation after 7
days in cultured at 25°C, Bar=10um; E: Torpedo embryos formation after 4 weeks in
cultured at 25C, Bar=10mm; F: Cotyledonary embryo morphology after 4 weeks in
cultured at 257C.



wSHE By kgAY Adg FAA 400 Gy AP TelA 2.5~3.0mme] 3}F] ol A]

T3 axAbl A 396709 Wiz FAEe] e YT T M w2 Wi WEs
B, 2.0~2.5mm?| 3t¥] ¢} 3.0—-3.5mme] 3} FE7 LX) M= 22t 870 9
5709l w7k FA = AT vbd Aol M= 400 Gy Aol M 2.0~2.5mme} 2.5~
3.0mmoll A 72t 7789k 6702 Ao vl 7E FAdE AL, 600 Gy Aol 2.
5~3.0mmel ARt 1070 wj7F FA = ATt WAL 5 A ek FEA 600 Gy AT
M= stE| A7 ok Aduglo]l WAl Fdol W dojubA skt

Table 40(1). Influence of genotype, irradiation treatment and bud size on the number of

embryo and plant regeneration in winter type of Brassica napus L.

Genotype Pretreatment Dose(Gy) Bud—size Embryos Plant_regeneration
number number %
2.0—-2.5 0 0 0
Control 0 2.5-3.0 0 0 0
3.0—-3.5 0 0 0
2.0-2.5 8 0 0
400 2.5-3.0 396 96 24.1
p* 3.0—-3.5 5 0 0
2.0—-2.5 0 0 0
Hallayuchae 600 2.5—3.0 0 0 0
3.0—-3.5 0 0 0
2.0—-2.5 7 1 14.3
400 2.5-3.0 6 0 0
r 3.0—-3.5 0 0 0
2.0-2.5 0 0 0
600 2.5-3.0 10 0 0
3.0—-3.5 0 0 0

ekl ek 400 GyE 2AFSE A8 -9 2.5~3.0mm =719 3o A 350702
Hi7b g o] e EF ol A widA B NETF P A JERsew, 2 AE
79 2.0~2.5mm% 3.0~3.5mm?| 3} A7|NA = 27 4708 71709 wizE FAdH o,
WARA FA 2 ()] wl A EA 4= 138, 10 2 1807 Bk o 22 wjE ¥4
stk 7hekd 600 Gy Aol A= w7k ds P A ke FdA 400 Gy A2+
A= 3.0~3.5mm 7], 2.5~3.0mm =719 2.0~2.5mm =7]lA Z+zF 20470, 1170
1717 @3 =o], 600 Gyol &2 =7] sk=le] 122, 4, 07 Bot o] Bo] JFZHATHGEE

el AERFT ATEe] dolike AL B T & 9
1



Table 40(2). Influence of genotype, irradiation treatment and bud size on the number of

embryo and plant regeneration in winter type of Brassica napus L.

Genotype Pretreatment Dose(Gy) Bud—size Embryos Plant regeneration

number number %
2.0-2.5 10 0 0
Control 0 2.5-3.0 138 0 0

3.0-3.5 180 18 10.0
2.0-2.5 1 0 0

400 2.5—-3.0 11 8 72.7

P’ 3.0-3.5 204 46 22.5
2.0-2.5 0 0 0
Naehanyuchae 600 2.5—3.0 4 0 0
3.0—3.5 122 0

2.0—-2.5 4 2 50.0

400 2.5—3.0 350 54 15.4

7 3.0—3.5 71 10 14.1
2.0-2.5 0 0 0
600 2.5—3.0 0 0 0
3.0—3.5 0 0 0

Table 40(3). Influence of genotype, irradiation treatment and bud size on the number of

embryo and plant regeneration in winter type of Brassica napus L.

Genotype

Pretreatment

Dose(Gy)

Bud—size

Embryos
number

Plant regeneration

number %

Tammiyuchae

Control

2.0-2.5

0

0

2.5-3.0

3.0-3.5

PZ

400

2.0-2.5

2.5-3.0

3.0-3.5

600

2.0-2.5

2.56—3.0

3.0-3.5

400

2.0-2.5

2.56—3.0

3.0-3.5

600

2.0-2.5

2.5-3.0

3.0—3.5

=l = =N el fol Fal kol ol K

olo|o|o|o|oR|o|lo|lo|o|lo|o|o

P? and 7 indicates proton ion and gamma—ray, respectively.

o]9} & A= Dunwell 5(1985), Thurling & Chay(1984), Bang
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Sk Aol A FAAS Ak Aol whE widA B whgs Blas] B A
2 Al F7F ek AR aldA A WEvE mokew, ek Ak AR
S ZAEA @S gl R =4 uUskeh gk Ao A9, vk 400 Gy ATt
dzrrch A WErE Egtor, FAA 400 Gyt 600 Gy AT mZ?iv}
A WME7E S ekt RS ek A e Ttel Al B 400 GydlA =
ZAFRQl 600 Gyolld B} =& wjada] A MEs 1o, A o] WA A }%
A RS ZZATIARE 2o o] WA AR WA BAS As etk S
A4 vy ok,

F71E wpgAe] AEA AESES =AM A, A S dojuA gk
HA 23 Aol EE A 72.7% (WA A 400 Gy) 7A€
wohE = e s Bt A wgS FE FAE vt AE A
7 A 48 NLN ef A #[ell A 100 rpm O 2 Gu| &S stof Asde]l FAH 7] A2
s, AAZxAAS HrleA &S MS A A X Atate] 25+1Co| A HY

H/)E s ol =EA 2 v A EA(Fig 5. 2B)E FAsId oY, diFEe Hl

O

A o7 A% multilobe(Fig 5. 2C)7F @A HA t}aFe] A1%(Fig 5. 2 D, E)7}
A AT AR Az 7| AT A dFH s 4-r Ao R s J—XﬂHHX]"ﬂ Al o
S st e~ FA glo]l el FAEJL Rt FEE AEAE E2aH

[e}
Eo| Ao £3}(Fig 5. 2F)d &g 4 I}
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Figure 5. Process of embryo production, shoot regeneration and acclimatization of B.
napus L. A: Formation of normal embryo; B: Direct development of embryoids into
plantles from normal embryo; C: Formation of multilobe abnormal embryos; D, E:

Multiple shoot formation from multilobe abnormal embryos F: Acclimatized plantlets

in soil.
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Figure 6. Sight of sowing by sowing method.



Table 41(1). Comparison of characteristic as a sowing method.

. . Flowering Maturing No. of standing .
Sowing method éggg?f tdl;n,e) time time plant per Plan(tcrlrlle)lght
- day (month. day) (month. day) m
Rotary drilling 10. 18. 4. 19 6. 15 62 103.1
Rotary scattering 10. 18. 4. 19 6. 15 47 105.7
Semi—rotary drilling 10. 18. 4. 19 6. 15 48 105.3
Semi—rotary scattering 10. 18. 4. 19 6. 15 57 107.7
Sowing machine private 10. 18. 4. 19 6. 15 53 102.4
Scattering of rice standing 10. 18. 4. 19 6. 15 84 103.8
Non—treatment of herbicide 10. 18. 4. 19 6. 15 31 93.9
Table 41(2). Comparison of yield potential as a sowing method.
- No. of siliqua . Lodging Disease
Sowing method No. of branches har(i;r)lght on the main (le/ellga) degree degree
raceme & (0~9) (0~9)
Rotary drilling 4.7 38.5 96.8 2154 0 1
Rotary scattering 4.2 39.1 98.0 212.2 0 1
Semi—rotary drilling 4.8 40.3 103.6 230.2 0 1
Semi—rotary scattering 47 414 90.5 220.9 0 3
Sowing machine private 3.6 36.8 87.4 203.0 0 1
Scattering of rice standing 4.3 37.2 98.3 269.3 0 1
Non—treatment of herbicide 4.8 34.3 78.1 117.3 0 1
TAES AW D E B HAE FAANRE so] %EIE 39 109, 159,
209 3A7IE T 9FFE 7St Az WA sk 80 /10ai Atk 7St
sk A7l Aol EulgAel e ok e e Veln, AFe ol
¢ = I~ =] A~
Hul A B 20em 9] o Aom, FREsE 3 o g

Table 42(1).

season cultivation.

Comparison characteristic of Sunmang and Tammiyuchae in spring

. . Flowerin Maturin No. of Plant No. of
. Sowing time . g uring standing p Ear lenght No. of siliqua on
Variety ( h. day) time time lant per height (cm branches the main
month. day)l (month, day)|(month. day)| P mzp (cm) .
raceme
S 3. 10 6. 16 7. 25 57 137 25 5 21
unmang 3. 15 6. 16 7. 25 74 135 25 5 21
3. 20 6. 18 7. 25 85 132 25 5 21
3. 10 6. 17 7. 26 55 116 21 3 18
Tammiyuchae 3. 15 6. 17 7. 26 69 114 21 3 18
3. 20 6. 18 7. 26 81 114 21 3 18
FEHTALR FLHFE Mol 139 gulfAl e wls 27le] o watoewH,
AETE Aol ¢ FART. +%& 39 10Y gFFolA Ao 187kg/10a% ‘&
v A B 52kg, 39 156U HFgol A ARt o] 183kg/10a% "HH| A" Kt} 51kg, 3¢
20 FFFrell A AR o] 182kg/10a® "B -2 Ktk 50kg, T Skt
FAELS FAYE 9 G570 FoPAN FAYE R FFo] PhEE A
2 R ot #3te) P9l E 1ugEe] n4F nrt BYo] kol FFE F4
He 43S Holal itk



Table 42(2). Comparison of yield potential and oil—contentcharacteristic of Sunmang
and Tammiyuchae in spring season cultivation.

- - Length of . .| Weight of | Lodging | Disease - -
Variery | GO g | e | N OGRGE] 1000 T deree | dearee | (i) | O
3. 10 4.2 13 3.6 0 0 187 415
Sunmang 3. 15 4.2 13 3.4 0 0 183 415
3. 20 4.2 13 3.4 0 0 182 415
3. 10 4.0 11 3.4 0 0 135 12.0
Tammiyuchae 3. 15 4.0 11 3.3 0 0 132 42.0
3. 20 4.0 11 3.3 0 0 132 12.0
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Table 43. Analysis of operating cost of rapeseed cultivation on paddy field per ha.

Item Cost(won) |Rate (%) Remarks
= 1 O TAA8% @ 10kg
FAT AN 100000 | 7|5 FA71 10,0008 Uke(10HE)
H] 2 9] 1] 522,500 36 871$]‘ ]303(2(01{;;) )x 8,800 = 264,000
o] W Al ST - 12}54] : 20E(20kg) X 10,340 = 206,800
MlETd W AR B el 20,000 3 O 22kn) : 53 (20kg) x 10,340 = 51,700
ata 572,500 O Edgi gy arizs] og
ooy L AZEATHE] | 60,000 4 1O 108 (300m) x 6,000 = 60,000
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Table 44. Assessment of price for barley income when induce new variety of rapeseed.

Item Barley Rapeseed Rapeseed/Barley
Total income 352,468 303,600 86.1
Operating cost 170,113 121,106 71.2

Net income 182,355 182,494 100.0
Yield(kg/10a) 401 400 99.8
Price(won/kg) 879 759 86.4

Data : Vs dAT+
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Production of MS—maintainer

Production of MS

Figure 7. Basic seed production of MS and MS—maintainer by using polyethylene

film house at winter season.
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Isolation cultivation of restore line

Isolation cultivation of MS

Figure 8. Breeder's production of MS and restore line by using polyethylene film

house at winter season and net chamber.
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Table 45. Amount od seed production of MS, MS—maintainer and restore line as a

seed production step.

MS line MS—maintainer line Restore line
. Amount of Amount of Amount of
Seed production . . .
step Sowing area seed Sowing area seed Sowing area seed
(m?) production (m?%) production (m?%) production
(kg) (kg) (kg)
7| EAE 30 3 10 1 67 10
LT 750 75 100 10 400 60

Note) Standard of seed production and sowing amount
— Amount of seed production of MS line : A% ZxA2KF : 0.1kg per m’, 100kg per 10a
— Amount of sowing seeds of MS and MS—maintainer : 0.001kg(1.0g) per m*%, lkg per 10a
— Amount of seed production of restore line : 0.15kg per m2, 150kg per 10a
— Amount of sowing seeds of restore line : 0.001kg(1.0g) per m*% , lkg per 10a
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Table 46. Change of fatty acid composition as a pollen contamination between

different species and varieties.

Palmitic Stearic Oleic Linoleic | Linolenic | Eicosenoic| Erucic
Item acid acid acid acid acid acid acid

(C 16:0) | (C 18:0) | (C 18:1) | (C 18:2) | (C 18:3) | (C 20:1) | (C 22:1)
Good variety 4.26 2.51 68.29 18.11 5.67 1.11 0.05
Contaminated variety 4.68 2.63 57.45 17.29 6.55 5.29 6.11

Note: Value of standard internal permission of erucic acid is 2.0% less than.



Table 47. Change of fatty acid composition as a pollen contamination between

Tammiyuchae and local variety

Palmitic Stearic Oleic Linoleic | Linolenic |Eicosenoic| Erucic
Item acid acid acid acid acid acid acid
(C 16:0) | (C 18:0) | (C 18:1) | (C 18:2) | (C 18:3) | (C 20:1) | (C 22:1)
Tammiyuchae 4.14 2.86 67.30 17.47 6.63 1.50 0.10

Local variety
(5years more than 2.78 1.22 18.95 14.36 8.77 8.44 45.48
cultivation )
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SUMMARY

Brassica species constitute important crops in many countries. As the oil crop
among the Brassicas, rapeseed (Brassica napus) was the most important crop in
Korea since 1950. However, since major oil (soybean oil, corn oil, etc.) has been
imported with cheap cost from abroad, cultivation of rapeseeds were dramatically
reduced up to 1,000 ha, and used only for floricultural purpose. However, Korea
started to be interested recently in bio—energy, and rapeseed became a one of the
favorite crop for production of bio—diesel. The major goalsof rapeseed improvement
in this study are development of varieties suitable for cold tolerance, yield, oil
contents, oil quality, and others. We tried the introduction of germplasm from
abord, and established the breeding system as with male sterile system.

We developed F; cultivar ‘Kang Yu' using male sterility system. Kang Yu is the
winter type cultivar, and belongs to the double low quality. The vyield of this
variety shows test results of 6—22% higher yield than that of Europian cultivar
"Talent". In addition, Kang Yu has the cold tolerance trait which can survival at
northern area in South Korea. Kang Yu is also being produced the 45.1% of oil
content, 71.4 % of oleic acid and 16.1% of linolenic acid. The rapeseed breeding
goals of our laboratory are primarily addressed on the high yield and early varieties
for double—cropping with rice.

Genetic transformation of rapeseed is stimulated by its high economic value and
potential to expand of the crop usefulness. AtGRF proteins play a role in the
regulation of cell expansion in leaf and cotyledon tissues. In this study, we
transformed AtGRFI and AtGRFZ genes to rapeseed genome  using
Agrobacterium—mediated transformation for increasing crop productivity, furthermore
vegetable oil yield which is required to produce bio—diesel from rapeseed.
Transgenic rapeseed lines were generated from both cotyledon and hypocotyl
explants on 20 mg 1™ hygromycin—containing medium. All of the transgenic plants
were phenotypically normal and produced fertile flowers and viable seeds, thus
transformation efficiencies were 5.4% for AtGRFI and 4.2% for AtGRFZ Among
the used two explants of rapeseed, hypocotyl has more ability (1.5—3—fold) to
uptake transgene rather than cotyledon. PCR analysis showed that transgene was
stably integrated into the genome of each transgenic plant. In previous study on
Arabidopsis, the increase in size of leaf blades was based on changes in cell size
and not on changes in cell number. Therefore we will describe the cell size as well
as phenotype of our ArGRFI and AtGRFZ2 transgenic rapeseed plants and evaluate
the relation between phenotypic alternation and oil yield of transgenic rapeseed.
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T}o]] Zﬂ%; = wEMEFE AFe A ]‘:1' FrAfol A A AQl Fi hybrid A4k
SZ2ATE 77 2563 AEE FPEo]kom(Brandle & McVetty 1989, Fan
Stefansson 1986, Fuetal. 1987, Wojciechowski 1993), o1& 7}x] =&WA] A A E0]
o} 3t FAEFFTEANA Fi hybrid $AE Az &85 5 Qo).
FEHA] A A E GMS(genic male sterility), CMS(cytoplasmic male sterility) 2
SI(self incompatibility) E°] <+=dl, FAANAE  nap—CMS(Shiga 1980),

gu—CMS(Ogura 1968) % po/—CMS (Fan & Stefansson 1986, Fu et al 1987)7} ®.11
H 8k 9l

5

m10 _llm FIF

4o < o~
Mg o E i

%*é%%‘ﬁl%ol FAEHAY AAANA TAPSA T FAANA &AL Frohybrid

TAAANE AeA717] M= SAELAE, EdFAAT B A EA S 371

7b gralE ofopwt 7hs skt

(F)FAFHE CGMS(H 2 FA4 SAED AT e84 FA0e Bisha

Jlom, o5 o]gste] A8 FiEds UEL An. SIS FAXNATE YT

A AEol 3 l% ol&°] =7t% o}‘ji T 53de 7K = du A (FH)RIF
w AR AR E=I A A gt F

é‘% 7FA 2 ,,13 qAA FrHt FHA FSF Tl Ak

7FoaE 2 v 5549
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o mARoz g ZnEo] wo] AuE o, AEE AFH double zero EEE0
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SAEYS ol &8 e FF ol
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FAZ A&Ea ok Juscos AA 3t Al shboltt GMO°1X] oldx = #7138}
= AL dF o7 M Juscor TFEFEE non—GMO FF7]EE 10~20% S0
Jem 30~40%= =7k FR7F gl AR dvEa ok

SFE FA Aol ‘99700 2.43WRE Eolgl o ‘00/01de 1.6197F Eo 2 33%
U 99 255 423 EUY non—GMO fA1WHS &35}l Aventis® Monsanto
© 200295 350 GMO A4l $45 e Ags Al$a dddh

EU 1570=r2] A A4k ‘99700 11.329 7 Eojl o} ‘00/01de] 9209wt E o
2 17.6% &3kl Atk ‘ITZH‘/] e Fol A7 3 Az =¥ /\«] ALZ 79
of FRERoH, 2d ¢ BE GMOFTAE SIAsHY] g fFol7|ites Fx 33l

=3

Mk fA AakEe 00701 7129 =02 ‘99/00d 2] 8804 = thy] 19% #A

stttk Ayt AN F7Fs GMOFAl FE5 Auists %o d3lsta low

‘97 dll 25%, '98d 50%, ‘9933 00l 66~75%% FA B E A Myrrel H

A FES Tl Arjsts AS FHAOE o]Fojin. A 3d ¢ TS Ayt

FrAfel FE FE AT 713 v wmol| o] o] FojXaL glom FEYE

g 7k Aol

FAO Al o8t wtulel A 2 Al H A2 1,400haol™ d F AL 2,000%

Qo] ol AL FEolH FE AFE W P AR X HelA FFdA 24, 7 A

o 27L& oR o]yt FaE] k. AFEY AS s AAMHor FAFAE
JtAY AWEFS T2 AREstaL A7) Wil &

UA 2 AdHelth AR Tl A= FAFTE AHHIL Ao

Atk el FdEE FAE T g vuEta YRR VFoR FYHIL 9

T %

FAR S wd ks Qo 2002 %] 7

_1

A 3 A voleddg U H tdeAdS e 1dFF A
L A4
2Zteupejo} Wk of Alug]o} 9l sk 2 ko] ARl A (8 ¢ Brassica
napus)= A AAF R 3HAR Zo| AuEE FXZEo|tt. A (Brassica napus
L., AACC, n = 19)+ oilseed rape, rapa, rapaseed® <& A o FX2E = i
A AERA A AAMeR FEE B v FAl= A sE AR, AE7F
Alo] o t) Al &2 AL E L It} H 9, glucosinolates®} erucic acid FS AL ¥ 3}
AAbs WA Frete] dAbel foeithe AbAe] GEAWA fAje]l An[7E Eolut
3 A (Dupont et al. 1989; McDonald, 1990 Cardoza and Stewart 2004).
FrAfel FAbel= 35~45%° 71Eol FHrEHol il dFAI FF A o] EVL

ATE FARE 48, BHSgoE, AT FFo] FE AL FUFOE &)
ST e RUE 1094 GNAE FReln slem 78 ARURe S4t



A lysineo] =0 o] 1
= B} fFAZEO Wt V&S] ¢
Fol A& FHE % gAANUYAE T

4, 1o
QL
2
ofo
oX,
i
ules

gt ol g FAY w2 AAA TEA] wimel Aol s 2AE o] &3 PEHAS
A7 dids] Bo] o]Fojxa Qlt}. o= A% (Ono et al. 1994), #]F(Bade and
Damm, 1995 Mia et al. 2000), 9& 2 A (Hu et al. 1999)%S Eg3ata o}, vl F<]
23171 71 & o] FoX 7] wlEo Brassica® el FHEAE Aol 7pg @ol] o] &y
3 v} (Cardoza and Stewart 2004). 24 3|z o] AFES A HH A xA
o szl gt AFd V5o A P, At 84 SAAEAA, HAEAR U
Aol et AFEo] BaE AT (reviewed in Poulsen 1996; Cardoza and Stewart
2004). Aa7kA Aol FAdske] Wy sl wol MEEo fAR, T A AlE
= 3l B napus L. cv. WH100] 2= §8&2% 0 HhH o] swte] FHQ st 1 o]
= A7 AR e bl dolA] Al AmEe weh w2 Wol&d Al 5ol
S 7}A) 7] wjEo]t} (Zhang et al. 1998 Phogat et al. 2000Raldugina et al. 2000). ©]
S

[e]
=
S|
o
4 5ol Brassica®l AE-shel FH Azl o] AgtHd e 42 23 Q)
c}

)

-2l Agrobaccterium ZAHAINE o] &3t AtGRFI 2} AtGRF29] JA A3 2
EAE NEeldYt. ol Aol Arabidopsis =9 GROWTH — REGULATING
FACTOR (A{GRF)= oF& 7FA &49F dAF EARAA7E o3t Apsle] vd S S71 A
2 4 Jvta AFE AT (Kim et al. 2003; Kim and Kende 2004). Al 324 14
ANM= AtGRFI 3 AtGRF27Y 247y A= olar, A=A A3t HelolX A(GRFI
B AtGRF2o] Hohdd kA of A= Arabidopsis 9 palisade A EXRTE A|F o] H7)
7} S7bekAl Ptk (Kim et al. 2003 Kim and Lee 2006). AtGRF1 3} AtGRF27} 2H&
sto] 9l MRS FUMAIIE AS AEY 75 S7HAT7IE Aol ofd MES AVE
S7HAI7IE Aoln, weba] Fdbe] Arpdd e o] FPAAGAE doAE F 3l
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o} FA A 7he] AERAL
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It} ole} BE AFE Brassicaol A o HWAH A
3k =Ho] B %t} (Ramana et al.1997). & A+
2 A AtGRF1 3 AtGRF29 32 A%k /9,% 2] 9]

At vholo g 71BN FUE 99 o] FPUAY FyE BHow

A7E FPsh.

2. 4w R Y

7} T A A

d

FAAL 7

%uu FARALE TV B BFS @S] FHF A} FRAANA A
9e Batel 43 Trish: PHS AgHY Tl AFE $AS} QUL Bl
PFS s, B @4 23 A AW AP TE Prss PR Sgsad

2) FAAYd Bt

Wt 9 RS grtehr] Al SEisa @A 20054 9—% 299
FHFAAD 207 FFE 1IAFTF 40094 2':&% W e A Hukekelal, 2006
949 20 1] F3(HFEAPE F5 30, +5%FF 6, 5l =4F 27H):% 1A 9
T 6009 29k dayow ﬂ*o}fﬂ A o}@‘t} SAxAE W] B9
T F OIS dE A NAFE Fetel BENATE AR F o, F, FoE 84
L, 7IER R B 54 g@dzAle A5S WA tH(E 1,2)

collected gerplasm

Figure 1. Field test of|Figure 2.Yield research of

experimental field
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7 50% tray potell 7t AlE ¥ 2084 E e F frEl2delM 7he FHEke] 20061
39 3d(FH2AAD, 38 TA(FARAYA) N 77} v Ekg-2el 2 AlE F 25 A
Aetalet. 2t Alsd skl
AR (™ 3.4).

Figure 3. Parent lines Figure 4. Parent lines in
in glass house. crossing house.

AL 57 9ste] 2006 69 309 5070 AlES 507 tray potol]l Autsl 3 8¢
10Y 744 4C growth chamberol A A-&x8]& 311 20x30cme] potol] A
st & SHEF g7l AR S FE o] &% AFunlE AAE (I 5).

Figure 5. Lines in vernalization.

W3} Fgol SLste] AwE wHlEF BNO22el s FAFHE AT AN
o} BN9229] BRI RRS 20059 109 69 29 BrA ] L1
°F 330m2). 2006 69 1Y M7t FaE Ao LES A8l 69
Js 7)o BES o FHe 5, el odl AAx Al7|aL @, AT (L

Figure 6. Production test(ChungNam Tae An, 2006.5.5).



oh EA {2 AAHEA]

A FAAEY A g FAxd ] JIFuE Fake] Aozl 202
2006 9¢ 20 U AFEG 27 30cm F7F 2emE A 931GlTE 1] A g
79 A71E 1.2m x 3mSloH, INFATE FFH5E 3008 AT
A FAAde] FAEY JAAHEA S SAELHAY] A4 2F A 100 AR S et
o F# V5 AFFoEN Y EJHS AT EYFAAA A o
stol= #dAd, 71, g & AT

e olmed g 2 A
2005~2006season 7S Edto] Auty Z=ulz A 37 (183, CZ, L61)3} Z=upvt

A 47% (AR, ARZ, LA1, SAD)E 2006%d 11€ 309 50% tray poto] #}E F F
244 He gRee] 20079 39 169 FA(FAVNFA: 3m x 6m)ol 43k,
& olgste] FAEIA ST 2qE AT a-T). B, F9 Y, T4, =4
A& 2006 114 309 50% tray potell T&akaL 2007d 29 274 W a0 A4
23 Gt} o]3 7} AlEo] By o] FxubA 1123, F9=4 2323, 9%
A 3623 & 70709 F123S S22 o] gate] A s &, AT wujS a0 A

SFATH(LHS8).

W

Figure 7. F1 hybrid production in|Figure 8. F1 hybrid production in
net house by insect crossing. vinyl house by hand crossing.

vh eul2E A 2 A

BN922E 2007 108 99 Setieta dAxgo] £3F 30em= Fvaiglon, 1

79 A7 1.2m x 3m, 7§ AETE dSHee 30002 Sl ZF 239
Ak A SAxASE 42 o R daxAlel A5S Wdste] dAs)
o ERE BN922E S wdvIedel AldeH sl tnEEe AES AHEst
pom T 20079 1048 69 T wHVIed ADEG &S k3
2 40em, INFT WAL 5.4m’° 2 At F8 S A 9] BN9228 Agwld o



Astel AlgstTh A A2 oF 10a8 =3 2™ 2006 99 20 9Fakl L, 3]
S 0.6kg/10a0]ATh. Ak FoF Ao BN922 ¥ FuzxAE 3x3S AT
IE& 20061 10 109 AAeSTh 9FFH] S 0.5kg/10a ©]aL, 170 Al@T-9] =17]
= 1.2m x 25m ©] %t}

o

Table 1. Summary of local trials in 2006~2008season.

RERE] REEE] 35 A=} Dk 17218 117]

=93t S 2007.10.9 300%)/3.6m?2 3.6m2
THEdrIEd BN922 2007.10.6 0.8kg/10a 5.4m2

TESH BN922 2006.9.20 0.6kg/10a 10a

2 -9 BN922 @ Z3zAE 323 2006.10.10 0.5kg/10a 30m2

vl Al ALHg AF
BN9229] A&

9 39, 503 tray potol ¥=3d}
0C, HA 2T o o A2AHT &
40cm x 40cm 2383 BEYATFAAES
_'?1

1= A48tk BNo22e] HAEA e ¢
o SHEAAFY Lo Yo §ET 1

1
2008 39 10 FA G4 3m x 18m)ol

1) A=e] &

9 2%5S 98 FA FA(Barassica napus L. cv. WH10)E 70% o €29
2] 3}aL, sodium hypochlorite(3.5% active chloride) 8ol 204 &<F X3l
, A “Q“""P—E o]l thAl 153 2F A A gt Bads Rl SAE Aol
17! sucrose$} 6 g 1_1 phytoagar’} ¥ 3%l MS 8JA](Murashige and Skoog 1962)
2%tk 45 pmol m~*sT'e] WAl BTG ALESte] 16/8h w/ute] #F|E WS
akal, 25 £ 1°C stoll A wiFstlvh. 497 uj gl 2 EA o A X}‘?jﬁ AdES
TlAA A8S skt o]# e co—cultivationS A9k BE v T2 =7
in vitro®] FHIZ A 3}3l T}

o A
)
—|—4 =

w
o

g

(
A

mu

o & o 2
ol

2) Bacterial strain and plasmid

A HAASN = Arabidopsisol A AAHxd 292 FHA 1 = 22 283}
v 54 FAA(ALGRFI %+ AtGRF2)7} 323 binary vector pCAMBIA1300
(CAMBIA, Australia)E o] &3} t}. B—glucuronidase (gus)$}, hygromycin #3344 S
0]-83l hygromycin phosphotransferase 1I (ApADFAAE AE nlARZ AFESFA T (L
2 9). A7]HFH (Gene Pulser II Electroporator, Bio—Rad, Hercules, CA, USA)< 9]
23}o] binary vectorE Agrobacterium tumefaciens LBA4404 ol =3t¥ . ¢
o] H2AAES 9] YEP HiA|ol overnight B3}t



Figure 9. Schematic diagram of T—DNA region of binary vector pCAMBIA 1300. A¢GFRI and
AtGRFZ. Arabidopsis growth regulating factorl and 2 genes, gus: gene for 3—glucuronidase from £

coli, hptll: gene for hygromycin phosphotransferase from Z col;, 35S: promoters, NOS3: terminators.

3) Agrobacterium< ©] 83k & @3}

100 ul® A. tumefaciens stocks 100 mg 17 kanamycin®] 328¥ 20ml YEP #)
A oll 28ColA ODgoo 0.63kS 712 o) 74x] wj<kgtel, 3500rpmol 15%-3F QA1 #2)6}o
bacteria®t #2]8k & 20mle] F4-8N(50 mg 17" acetosyringone©] EZ3E MS)E ¢
3 o}A] bacteriag F-FAIZITh 27 (0.3 x 0.3 ecm?] HWA) 18]l vj5(0.5cm
Z0])S A—-udmA(1 mg 1! 2.4-D and 40 mg ™" acetosyringone, 8 g 1! phytoagar
o] 3% MS, pH 5.8)0l4 3 7oA 4Lt vjdsttl. FsidS A8l d-mds
AEAE d ol Ffdel 1087 FA® F, FEuld WX (4 mg 17" BA, 0.5 mg
"' NAA, 3 mg 1" AgNOs, 8 g 1I'' phytoagar, pH 5.8 (MSRM)Z} 50 mg 1
acetosyringone©] ¥3H MS)oll %7 SF7oA 343 vjgst. 1 & A EAE 34}

d ZHF5ANA M = 500 mg 17! carbenicilline] Z&HE ZH5o] 1087 28

Sl H AETolAdA BHES AFRAZI v g ole] AAE f18 A EAE v g
o} A A #wA (MSRM with 500 mg 17! carbenicillin)ol] 219zt wjeksic), <o) A ulz}

Aol A hygromycin® ®%=(MSRM with 0, 10, 15, 20, 30, 40, or 50 mg 1!
hygromycin) = 53 (B. napus L. cv. WH10)9] =33} wjE X&) HA9 AL
e TEE AdASS. 24Ae] s el Ao AlEs/AY A (MSRM
with 250 mg 17! carbenicillin and 20 mg 1! hygromycin)ol Z2& AT Aa 55
S hygromycin A E HE EE FZF3L shoot AE/AE vlx(MS with 2 mg
I”" BA, 0.5 mg I'" NAA, 5 mg I"' AgNO; 250 mg I carbenicillin, 20 mg 1™
hygromycin, 8 g 1! phytoagar, pH 5.8)2 %7 th.

w9k 65 % Hygromycin A 3A S %= multiple shoot® 37} d AS FAHL9
AL 93 HIA (MS with 250 mg 17! carbenicillin, 20 mg 1™' hygromycin, 8 g 17
phytoagar) 2 %At viY 2F & shoot7} ABAHE ZF2ZE root 7%= HIA(1/2 MS
with 250 mg 1" carbenicillin, 20 mg ! hygromycin, 8 g 1! phytoagar) 2 %7t} 3
T 5, 2ed AEAE EYl &4 AJv 25§, hygromycin A AEAE 4

°Col 303t &7 F3F A8tk 1§ H2AE =42 &HRH

4) PCR <l
Genomic DNA+= o]l ¢ ZZA oA Cetyl trimethylammonium bromide (CTAB)



Mog FE39Y (Saghai—Maroof et al. 1984). & A AZ-FH =2
hygromycin A& AEAA FHHAFAEA 9 coding regions T %3}
sets 1 AtGRFI 5 —GGGGATCCAAAATGGCCACAATACT-3" (forward) ¢}
5 —~GGGCTGCAGTTTCACAGAGAAGGA—3’ (reverse); AtGRF2
5 —~GGGAATTCCCTGTGGAAGTCCAATCT -3’ (forward) o}
5 =GGGGATCCTCAGGTTGTGTAATGAAA-3" (reverse)Z o]&3lo] PCRS S3st
913, PCR product?] ZAo]= 1000bp AEZ AT} PCR AL 94 °C oA 5
min, 94 °C oA 1 min, 58 °C oA 1 min, 72 °C oA 2 min, 72 °C oA 7 min (33
cycles)®} 2t

3. A% 3 u3
7ho =W e A Ak '@
200533 200613 237F =5 %
ER ATt

18 FAde F 248709001, 21 WS 20

Table 2(1). Collection of germplasm (2005. 9~2006. 10).

No. 54 4 A53 T3A H| 31
1 NS 1202-S1 = 5
2 NS 1202—-S5 = 5
3 NS 1204—-S3 =4 5
4 NS 1205-S3 = 5
5 AVISO A e =
6 ABILENE w] =+ (Univ. of Missouri) =5
7 BANJO "] == (Univ. of Missouri) =5
8 CASINO u]=(Univ. of Missouri) =5
9 CERES u|=(Univ. of Missouri) =5
10 JETTON u]=(Univ. of Missouri) =5
11 KRONOS u]=(Univ. of Missouri) =5
12 MAESTRO v =+ (Univ. of Missouri) =5
13 PLAINSMAN v = (Univ. of Missouri) =
14 RASMUS v =+ (Univ. of Missouri) =5
15 SUMNER v =+ (Univ. of Missouri) =
16 TALENT v =+ (Univ. of Missouri) =5
17 TITAN v =+ (Univ. of Missouri) =
18 VIKING u]=(Univ. of Missouri) =5
19 WICHITA u]=(Univ. of Missouri) =5
20 WOTAN v] = (Univ. of Missouri) =5
21 Tapidor %= (Hwa Zhong Agriculture University) =
22 NingYou 7 %= (Hwa Zhong Agriculture University) =
23 Fengyu 701 %= (Hwa Zhong Agriculture University) =
24 WH3 %= (Hwa Zhong Agriculture University) =5
25 WH10 %= (Hwa Zhong Agriculture University) =5
26 HZaul %=1 (Hwa Zhong Agriculture University) =5
27 HZau2 %=1 (Hwa Zhong Agriculture University) =
28 HZau3 %=1 (Hwa Zhong Agriculture University) =
29 HZau4 Z = (Hwa Zhong Agriculture University) =5
30 HZau5 %= (Hwa Zhong Agriculture University) =




Table 2(2). Collection of germplasm (2005. 9~2006. 10)

=

No. 59 9 As3 THAA il
31 HZaub %= (Hwa Zhong Agriculture University) 5
32 05-IM—1-2 Z=(Hwa Zhong Agriculture University) =&
33 05—-JM—1-3 %= (Hwa Zhong Agriculture University) 5
34 Susanna %= (Hwa Zhong Agriculture University) 5
35 Maja Z=r(Hwa Zhong Agriculture University) 5
36 Kasimir %= (Hwa Zhong Agriculture University) =5
37 Banjo %=+ (Hwa Zhong Agriculture University) =5
38—239 TN001~TN202 7 (Hwa Zhong Agriculture University) Als
240 Var. Bmarfglsll}i;egdw' 4PUS BINA (Bangladesh Institute of Nuclear Agriculture.) Bangladesh A%
241 Var. Binarfgislg%;éldw' NapPUS BINA (Bangladesh Institute of Nuclear Agriculture.) Bangladesh A%s
242 Youngsan— Yuchae =EAE A =%
243 Naehan—Yuchae =¥ 5
244 Hanllayuchae EXA Y 5
245 Tammiyuchae EXAEY =5
246 Tamlayuchae EXAEY =5
247 FEEv B -

248 ghojit U H A

sk 2 g HE flete] " FAAY F 2005~2006seasonel] 3E 7S
3 207 HES SEUistn A X 2005 99 299 A ste] 20061 6 2897}
A BAS =AM Ay w39 2rh 207 FE BT Ul o] FAol e dEol
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Table 3. Characteristics of germplasm (2005~2006season).

ez AT A% 28 B8 158r 498 DIEAT 10009 oo e
(H) @Y (em) (em)  GH OB oh (®) g
NS 1202-S1 4.23 6.15 155 5.3 55 17 11 3.4 s = =4
NS 1202-S5 4.24 6.17 166 5.8 56 20 10 3.2 =7 3 =4
NS 1204-S3 4.23 6.15 154 5.3 52 25 12 3.5 s = =4
NS 1205—-S3 4.23 6.15 154 5.5 52 23 12 3.7 3 s =4
AVISO 4.23 6.20 173 7.0 60 32 12 3.7 7 7 ZE
ABILENE 4.28 6.20 177 7.8 53 22 13 3.9 % & v =
BANJO 4.24 6.20 185 6.5 51 20 11 3.6 7 7 v =
CASINO 4.30 6.20 187 8.1 61 22 9 3.8 7 & )=
CERES 4.29 6.20 175 7.3 55 24 14 4.1 K 7 )=
JETTON 4.26 6.20 168 7.0 48 21 10 3.7 7 7 W)=
KRONOS 4.26 6.20 189 7.3 59 22 7 3.3 7 7 v =
MAESTRO 4.26 6.20 177 7.3 59 28 7 4.0 7 o v =
PLAINSMAN 5.1 6.24 186 6.4 71 20 7 3.4 2 & v =
RASMUS 4.28 6.20 164 7.0 57 28 10 3.9 % i v =
SUMNER 4.24 6.20 175 6.0 62 22 10 4.0 % & v =
TALENT 4.26 6.20 178 7.6 67 25 9 3.7 % o v =
TITAN 4.27 6.20 182 7.2 55 22 9 3.8 % o v =
VIKING 4.24 6.20 164 6.6 51 22 7 3.6 % s v =
WICHITA 4.23 6.20 170 6.4 48 29 8 3.6 7 & )=
WOTAN 4.30 6.20 184 6.9 54 23 7 3.6 7 5 ] =




Table 4. Characteristics of germplasm (2006~2007season).

M ey =7

& F3A o} HUd® 2 o ) . Ul &4
F1 EXANGA 7 % 3.13 5.7 130 =
eraf 2 F A = A 4.17 5.15 150 o
G 2 AF A 3 = 4.2 5.7 120 oF
05-JM-1-3 = 25 24 4.1 5.3 140 s
05—-JM—-1-2 = 25 23 4.1 5.3 150 s
Susanna = 7 A 4.16 5.11 160 A
Maja T 2 o 4.16 5.12 180 7
Kasimir ol s A 4.17 5.15 185 7
Banjo =37 7 ¥ 4.16 5.13 180 7
FET8 ) T A 7 3} 3.31 5.1 115 oF
ol U A oF 3} 4.9 5.1 120 oF
o AEAE 9 FA%E
FITAAE(91A1%8) 2 ZAAE(2041F) ol tigk 2005 E2FAFAFE w50
Aelst o, ARAE Sl Wakdol F7oldeln FFEA0 43 o B
e FawA 4AE, Fa2A 35S ARt e ols 7AES xgol A
APe Fote] ) o AgHel A F e Aom Ydn

Table 5(1). Trials of early—type and late—type lines (2005~2006season).

AgA =23 FF  15EF d9HET 1ARAST = .

BN TR AR e (am) em) G O Gp R ieEA
1 =R 96m 412 1372 6.1 76.5 23.9 6.5 oF 7
2 A TY - - - - - - oF -
3 A TO1 — — - - - - oF -
4 ZAA TO2 - - - - - - oF -
5 ZA TO3 - - - - - - oF -
6 A TO4 — — - - - - o -
7 ZAA 183" 4.12 128.2 4.5 50.0 15.6 8.2 =7 7
8 ZAA 4U 414 1364 55 61.8 7.8 10.4 oF &
9 ZAA A9 412 1188 6.5 40.0 21.8 7.0 oF °F
10 %A BE 412 1218 5.4 66.6 18.3 11.6 oF 23
11 =44 cz¥ 412 1356 5.6 61.0 22.1 7.6 = &
12 %A D51 411 1218 5.2 55.6 18.4 15.8 of %3
13 ZAA D52 - - - - - - oF -
14 =47 GH1 - - - - - - oF -
15 ZAA GH2 4.8 107.0 5.3 69.8 20.3 10.8 oF o
16 =47 GH3 - - - - - - oF -
17 =47 GH4 - - - - - - oF -
18 =47 GH5 — - - - - - o -
19 %A L61Y 410 1384 5.4 39.0 16.9 8.0 7% oF
20 ZAA MK 412 1352 55 68.6 21.3 7.6 oF 23
21 WA 133 424 1852 8.0 60.4 35.8 10.4 oF &
22 T 508 4.24 177.0 6.4 52.8 20.3 9.2 oF 7
23 T 5141 4.21 170.8 6.8 49.0 25.8 9.4 oF 7
24 WA 5142 4.16 90.0 4.7 48.7 11.3 10.7 oF %3
25 A 851 4.27  166.2 5.5 64.4 23.9 12.6 oF 7




Table 5(2). Trials of early—type and late—type lines (2005~2006season).

MNeAl 24 FF 15985 d9HS 1HEAST .A _
BN e Y (ge) (em) (em) O Obh on R dimEd
26 WA 852 427  186.0 6.9 76.8 33.8 9.8 of oF
27 wHAA 891 423 159.6 4.6 69.8 9.0 9.0 of 7
28 T 892 4.27 174.0 6.4 70.2 19.5 9.2 oF 7
29 WHAA AM 414 1516 5.6 58.2 26.3 11.4 oF 7
30 WHAA AP 424 1778 6.5 55.0 31.0 9.8 = &
31 WA AR1Y 4.23  151.0 6.7 50.0 29.1 14.8 7 K
32 WA AR2Y 5.3 174.8 5.7 75.2 23.9 9.2 7 oF
33 WAl AR3 5.1 146.2 7.6 46.8 22.9 8.8 & oF
34 WA AR4 4.28 1766 6.4 58.8 20.1 10.4 = K
35 w7 AR5 430 1740 6.4 45.2 28.2 9.0 7 7
36 WA ARG 4.30 1634 6.3 49.2 27.1 8.6 7 7
37 WA AR7 429 1682 7.9 51.4 34.0 9.2 = &
38 WA AN1 5.2 198.2 7.0 63.2 20.6 9.0 oF i
39 WA AN2 5.2 191.2 6.1 36.2 15.6 6.0 oF &
40 WA AL1 425 1894 8.0 38.6 25.7 6.4 = &
41 WA AT 427 1886 6.3 54.6 27.7 7.8 =7 7
42 WHAA AS1 427 172.6 7.0 61.2 31.5 11.6 oF &
43 WA AS2 430 1766 7.0 67.6 29.9 10.0 = =
44 WHAAA B2 415 1364 5.2 62.2 14.9 7.4 = &
45 wHAA BN 4.20  108.3 6.1 54.2 18.3 12.6 oF K
46 "FAA BL 4.20 1408 5.6 50.8 21.3 16.0 oF K
47 WA CD 4.25 193.0 6.1 63.8 24.5 13.6 7 3
48 WA CS1 419 1642 7.3 56.0 29.5 14.6 =7 =
49 WHAA CS2 420 156.0 7.3 56.8 29.7 12.2 =7 =
50 wHAA CF1 427 1788 6.9 64.0 28.5 10.4 oF &
52 WHAA CF3 423 1758 6.9 51.8 30.9 11.0 = &
53 " CR1 425 1958 5.6 70.8 27.3 12.0 oF °F
54 WHAA CR2 425 182.0 5.5 84.8 31.1 15.4 oF 7
55 wFAA CR4 425 1838 5.8 77.2 31.1 11.2 oF 7
56 WA CR7 429 1640 6.1 91.4 33.0 10.2 =7 oF
57 WA CB1 429 1746 6.6 74.0 31.8 8.8 =7 oF
58 w7 CB2 5.1 195.2 6.9 75.8 29.9 8.2 = K
59 w7 CB3 4.30 1824 6.4 74.4 27.3 7.8 = =
60 WA CcX 4.29 1782 7.6 80.0 29.0 10.2 oF oF
61 WA CN1 4.27 1774 7.1 49.8 27.8 9.8 = 7
62 WA CN2 425 1758 7.1 57.4 31.0 10.4 = &
63 T CU 4.17 127.4 6.4 63.6 22.1 12.4 =7 7
64 WA DA 415  121.2 5.4 64.2 23.5 14.0 oF &
65 WA DY 414 1356 6.1 72.0 23.3 13.8 of 23
66 wFAA DN 417  116.0 5.5 56.4 21.8 8.8 oF °F
67 WHAA ER1 425 154.0 6.2 49.2 28.5 13.2 = oF
68 wHAA ER2 415 154.8 6.6 57.4 24.4 13.8 oF K
69 wHAA EX 424 1664 7.1 58.4 30.1 11.2 oF K
70 WA GG 4.15  159.0 6.0 49.8 24.2 11.0 oF K
71 wHAA HO 415 108.0 5.5 54.2 17.3 12.0 oF oF
72 WA LT 5.1 175.6 4.9 63.4 12.2 11.0 7 oF
73 WHAA L62 415 1418 5.8 62.6 22.4 10.8 7 oF
74 WA 163 415 1480 5.3 65.4 21.0 12.0 =7 oF
75 WHAA LS 425 180.6 6.3 64.6 29.5 11.8 =7 i
76 WA LA1Y 5.1 182.2 85 62.0 32.7 10.0 7 Z




Table 5(3). Trials of early—type and late—type lines (2005~2006season).

N q 1785 d9HS 1AEAS .A _
BN e Y (ge) (em) (em) O Obh on R dimEd
77 WA LA2 5.1 186.0 8.1 53.4 30.7 7.8 s oF
78 WA LR 423 1828 6.3 71.0 29.4 11.8 =7 23
79 WA LO 4.28 182.4 7.4 54.4 31.7 11.0 s &
80 wHAA LD1 428  182.2 6.5 52.8 27.9 10.8 =7 &
81 A LD2 4.27 176.4 6.8 58.0 31.2 9.4 = 7
82 w7 LN 4.29 1756 8.2 67.6 25.7 3.6 = 7
83 w7 LB 4.28  176.4 6.7 62.2 28.7 11.6 = K
84 wHAA LS1 4.30 184.4 7.1 69.4 29.2 8.0 =7 K
85 wHAA MA 418  155.0 5.4 50.2 25.8 13.0 oF =
86 w7 MH 4.25  181.2 7.2 63.8 30.1 6.6 = 7
87 wHAA OL 4.21  125.0 7.3 35.8 27.0 11.4 ok 7
88 WHAA ON 4.23  189.2 7.4 69.2 33.8 9.2 = oF
89 w7 0S1 418  111.0 5.2 15.6 25.9 5.4 oF Z
90 WHAA 0S2 4.18 128.0 5.4 18.6 26.3 5.8 oF K
91 WA PT 4.24  182.0 7.3 79.0 33.3 9.6 = &
92 WHAA PR 4.23  177.6 7.3 48.8 32.3 11.0 =7 &
93 WA PO 428 1774 6.9 64.8 36.9 8.0 =7 oF
94 WA RN1 5.2 183.2 7.2 63.0 30.6 6.6 7 K
95 w7 RN2 5.2 186.2 7.4 59.8 29.7 7.4 7 K
96 w7 RY 5.1 196.4 7.6 78.6 33.3 7.4 = K
97 WA SATY 4.30 172.0 8.1 65.2 32.0 12.2 = =
98 wHAA SA2 4.30 170.8 8.4 60.2 34.3 10.0 = oF
99 WA ST 4.24 1782 5.9 56.2 36.1 9.4 = 7
100 2HAA SF1 4.27 1824 6.6 76.2 30.6 10.4 = &
101 "k A SF2 427 1814 6.9 73.0 33.5 11.6 = &
102 244 SF3 4.27 1822 7.0 80.0 33.1 13.8 = &
103 244 S8 4.27  168.2 5.5 80.6 31.2 15.4 oF 7
104 wHAEA SR 415  126.6 6.2 48.4 25.3 8.2 = &
105 wHAA TT 4.25 172.4 7.6 61.2 35.4 11.4 = &
106 A7 TR1 5.1 187.0 5.3 66.4 15.6 12.0 = K
107 wHAA TR2 5.1 187.0 5.3 71.2 15.4 6.8 oF K
108 w3 TN 414 1252 7.7 65.4 32.0 9.6 oF K
109 A7 UG 4.28 2102 7.5 59.4 32.7 9.8 =7 oF
110 wHAA VA 4.30 207.4 7.7 62.2 31.1 7.0 =7 oF
111 " A W4 417  139.2 6.5 68.0 26.4 16.5 oF 7

Table 6. Trials of male sterility lines and maintainers.

A%E ER] U] 34 S TE

MS1 4.30 7 good TAEAAE
MS2 4.27 = good T EAA S
MT1 4.28 7 good SAELFAAT
MT2 4.24 Z7& good 5L A AT
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Table 7(1). Production of lines by hand crossing.

A& 8 A (ml) A&+ FA=F(mD) AE4 A (ml)
96m 20 AR6 0.3 HO 16
TY - AR7 17 LT -
TO1 0.3 AN1 5 L62 5
TO2 1 AN2 7 L63 40
TO3 1 ALl 9 LS 5.5
TO4 1.5 AT 5 LAl 5.5
183 15 AS1 10 LA2 5
4U 25 AS2 10 LR :
A9 7 B2 21 LO -
BE 17 BN 27 LD1 14
CZ 15 BL 33 LD2 13
D51 5 CD 8 LN 7
D52 19 CS1 20 LB 8
GH1 15 CS2 17 LS1 16
GH2 25 CF1 - MA 30
GH3 20 CF2 - MH 0.1
GH4 5 CF3 15 OL 10
GH5 2 CR1 7.5 ON 12
L61 13 CR2 5 0S1 15
MK 35 CR4 7 0S2 19
133 15 CR7 17 PT 5
508 7 CB1 4.5 PR 27
5141 6 CB2 - PO 20
5142 9 CB3 - RN1 -
851 40 CX 5 RN2 5
852 13 CN1 7.5 RY 5
891 5 CN2 - SA1 0.4
892 25 Cu 11 SA2 -
AM 20 DA 28 ST 20
AP 14 DY 20 SF1 12
AR1 5 DN 35 SF2 -
AR2 - ER1 14 SF3 -
AR3 6 ER2 13 S8 4.5
AR4 7 EX 3 SR 20
AR5 0.2 GG 12 TT 9
TR1 2 MSxAVISO 10 MSxSUMNER 5
TR2 1 MSxABILENE 6 MSxTALENT 4
TN 25 MSxBANJO 5 MSxTITAN 6
UG 5 MSxCASINO 6 MSxVIKING 5




Table 7(2). Production of lines by hand crossing.

A&7 A (ml) A&+ FAF(ml) AE4 A (ml)

VA 8 MSxCERES 7 MSxWICHITA 5

W4 16 MSxJETTON 3 MSxWOTAN 4
MSxNS 1202-51 4 MSxKRONOS 2 MS1 10
MSxNS 1202—-55 3 MSxMAESTRO 4 MS2 20
MSxNS 1204—-53 5.5 MSxPLAINSMAN 3 MT1 20
MSxNS 1205—S3 5 MSxRASMUS 3 MT?2 12
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Table 8. Number of male fertile and male sterile of the combination between male

sterile and germplasm.

Z3Hy ZAF AN AF MF MS
MS x NS 1202-S1 100 100 0
MS x NS 1202—-S5 100 100 0
MS x NS 1204—-S3 100 100 0
MS x NS 1205—S3 100 100 0
MS x AVISO 100 100 0
MS x ABILENE 100 100 0
MS x BANJO 100 100 0
MS x CASINO 100 100 0
MS x CERES 100 100 0
MS x JETTON 100 100 0
MS x KRONOS 100 91 9
MS x MAESTRO 100 100 0
MS x PLAINSMAN 100 100 0
MS x RASMUS 100 100 0
MS x SUMNER 100 100 0
MS x TALENT 100 100 0
MS x TITAN 100 100 0
MS x VIKING 100 100 0
MS x WICHITA 100 100 0
MS x WOTAN 100 100 0
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Table 9. Production of F; hybrid in net house(2006~2007season).

No. =3 T A2 (g)

1 MS20 x 183 ZAZ 950

2 MS20 x CZ A 500

3 MS20 x L61 ZAE 1560

4 MS60 x AR1 kR 2 700

5 MS60 x AR2 IS 400

6 MS60 x LAL IS 390

7 MS60 x SAL kA & 184
A G=2S 3171951 200613 6€ol 50415 IF A2A8d & S E35ko] 2007d
19 157 Al 5 dATH(3E10).

sk el A AT AR g ol 2] e E1le] HEhRAT. 2% 36
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Table 10. Production of Lines by generation shorting.

WHPH A WHIH A
5001—-1 119 5018—-2 488
5002—4 284 5019-2 325
5006—5 148 5020—-1 365
5008—-3 18 5025-3 429
5009-2 414 5026—1 615
5010—-3 250 5028—-4 31
5011-3 361 5032—-1 43
5016—2 514




Table 11. Production of F1 hybrids by hand crossing (2006 ~2007season).
No. B T AAR(E) | No. S T ANEH)
1 MS20 x 96 AT 1,200 36 MS20 x 92—-3 2T 151
2 MS20 x 1B ZAF 755 37 MS30 x 49 FAE 185
3 MS20 x 98 AT 421 38 MS30 x EX FAE 309
4 MS20 x 17B AT 461 39 MS30 x SO FAE 475
5 MS20 x 9 ZAE 726 40 MS30 x 96 = 542
6 MS20 x 93-1 ZAF 1,000 41 MS30 x 7B = 382
7 MS20 x 15 ZAF 1,200 42 MS30 x 91 A 355
8 MS20 x 33 ZAFE 1,200 43 MS30 x DE = 387
9 MS20 x DE A 1,000 44 MS30 x ORF FAE 473
10 MS20 x OR ZAF 1,400 45 MS30 x TAG FAE 135
11 MS20 x TA AT 1,400 46 MS30 x 05—5 FAE 387
12 MS20 x 36 AT 2,000 47 MS30 x 12—-1 FAE 468
13 MS20 x 05—-1 ZAE 1,000 48 MS30 x FR =AE 600
14 MS20 x 05—-2 A 1,000 49 MS30 x 855 = 500
15 MS20 x RO XA 1,000 50 MS30 x KA = 406
16 MS20 x CO ZAE 1,000 51 MS30 x RA—A = 134
17 MS20 x 1 ZAF 800 52 MS30 x 92—6 FAE 353
18 MS20 x 5—1 ZAF 900 53 MS30 x OG FAE 544
19 MS20 x 5-2 ZAF 578 54 MS30 x 93—-1 FAE 345
20 MS20 x 8 ZAF 444 55 MS30 x RF-2 FAE 439
21 MS20 x ER ZAE 1,000 56 MS30 x 85—-1 = 443
22 MS20 x 85 ZAFE 1,000 57 MS30 x AR = 378
23 MS20 x 12 S 900 58 MS30 x 97-2 T 521
24 MS20 x OT ZAE 1,600 59 MS30 x 02 =T 323
25 MS20 x RA—-1 AT 243 60 MS60 x US THAE 124
26 MS20 x 92—-1 AT 486 61 MS60 x SO THAE 408
27 MS20 x ON AT 182 62 MS60 x OL T 393
28 MS20 x AR—1 ZAF 304 63 MS60 x ES—1 T 247
29 MS20 x 93-2 A 1,200 64 MS60 x ES—2 R 338
30 MS20 x RA—2 ZAFE 308 65 MS60 x CT A 306
31 MS20 x 2 ZAF 405 66 MS60 x SS THA 359
32 MS20 x K4 A 1,000 67 MS60 x TH A5 160
33 MS20 x AR—2 ZAF 354 68 MS60 x NA A E 370
34 MS20 x AR—3 ZAF 1,500 69 MS60 x CA A 305
35 MS20 x 92—2 2 223 70 MS60 x 17D A5 364
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Table 12(1). 2007 ~2008season Winter trials in ChungNam University field.

e =% T qd+  FF 1 AR FIET TN ERA]

R (cm) (cm) ) (em) ) ) (€.9)
BN922 181 45 58 8 10 27 4.28
MS20 x 183 128 47 50 5 8 16 4.12
MS20 x CZ 136 43 61 6 8 22 4.12
MS20 x L61 139 50 39 5 8 17 4.10
MS60 x AR1 151 25 50 7 15 29 4.23
MS60 x AR2 175 55 75 6 9 24 5.3
MS60 x LAl 182 42 62 9 10 33 5.1
MS60 x SA1 172 46 65 8 12 32 4.30
MS20 x 96 137 63 77 6 7 24 4.12
MS20 x 1B - - - - - - -
MS20 x 98 - - - - - - -
MS20 x 17B - - - - - - -
MS20 x 9 - - - - - - -
MS20 x 93—1 - - - - - - -
MS20 x 15 150 54 60 8 10 23 4.24
MS20 x 33 136 50 61 6 10 8 4.14
MS20 x DE 160 46 53 6 9 20 4.24
MS20 x OR 160 48 49 7 9 21 4.21
MS20 x TA 90 33 49 5 11 11 4.16
MS20 x 36 160 51 64 6 13 20 4.27
MS20 x 05—1 - - - - - - -
MS20 x 05—2 152 50 58 6 11 22 4.14
MS20 x RO 119 48 40 7 7 22 4.12
MS20 x CO 136 58 62 5 7 15 4.12
MS20 x 1 122 64 67 5 12 18 4.12
MS20 x 5—1 136 43 61 6 8 22 4.12
MS20 x 5—2 127 46 64 6 12 22 4.17
MS20 x 8 121 53 64 5 14 24 4.11
MS20 x ER 136 49 2 6 14 23 4.14
MS20 x 85 116 46 56 6 9 22 4.17
MS20 x 12 122 47 56 5 16 18 4.11
MS20 x OT - - - - - -
MS20 x RA—-1 55 47 57 7 14 24 4.13
MS20 x 92—1 159 56 50 6 11 24 4.13
MS20 x ON - - - - - -
MS20 x AR—1 107 47 70 5 11 20 4.8
MS20 x 93—2 - - - - - - -
MS20 x RA-2 - - - - - - -
MS20 x 2 - - - - - - -
MS20 x K4 108 43 54 6 12 17 4.8
MS20 x AR-2 141 49 63 6 11 22 4.13
MS20 x AR-3 148 50 65 5 12 21 4.13
MS20 x 92—2 155 49 50 5 13 15 4.18
MS20 x 92—3 135 58 69 6 8 21 4.12
MS30 x 49 108 59 54 6 13 18 4.20
MS30 x EX 141 57 51 6 16 21 4.20
MS30 x SO 193 48 64 6 14 25 4.25
MS30 x 96 164 53 56 7 15 30 4.19
MS30 x 7B 156 49 57 7 12 30 4.20
MS30 x 91 179 50 64 7 10 29 4.27




Table 12(2). 2007 ~2008season Winter trials in ChungNam University field.

o =7 7 8% 8% A aeur
Rl (cm) (cm) n)  (ecm) M) (&) (£.9)
MS30 x DE 176 46 52 7 11 31 4.23
MS30 x ORF 196 53 71 6 12 27 4.25
MS30 x TAG 182 59 85 6 15 31 4.25
MS30 x 05—5 196 68 92 7 13 31 4.27
MS30 x 12—-1 184 67 77 6 11 31 4.25
MS30 x FR 196 62 98 7 11 33 4.27
MS30 x 855 181 63 95 7 12 35 4.24
MS30 x KA 164 48 91 6 10 33 4.29
MS30 x RA—A 177 40 50 7 10 29 4.27
MS30 x 92—6 176 44 57 7 10 31 4.25
MS30 x OG 154 44 49 6 13 29 4.25
MS30 x 93—1 166 44 58 7 11 30 4.24
MS30 x RF—2 183 61 71 6 12 29 4.23
MS30 x 85—1 181 39 65 6 12 30 4.25
MS30 x AR 182 40 53 7 11 28 4.28
MS30 x 97—2 176 43 58 7 9 31 4.27
MS30 x 02 176 61 68 8 9 26 4.29
MS60 x US 186 59 77 7 10 34 4.27
MS60 x SO 160 67 70 5 9 9 4.23
MS60 x OL 174 64 70 6 9 20 4.27
MS60 x ES—1 146 35 47 8 9 23 5.1
MS60 x ES—2 177 49 59 6 10 20 4.28
MS60 x CT 174 47 45 6 9 28 4.30
MS60 x SS 163 51 49 6 9 27 4.30
MS60 x TH 168 49 51 8 9 34 4.29
MS60 x NA 198 63 63 7 9 21 5.2
MS60 x CA 191 51 36 6 6 16 5.2
MS60 x 17D 189 49 55 6 8 28 4.27
2 AF7)Hel A BFetal e FiE2 5 540l $etttal A== BN9229
Ao A AujE oA = EF = ‘Talent'?e] H]AA]HE 2005~2006season 2 A+ A},
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Table 13. Some characteristics of BN922.

&7 ) 1785 | 99T =% A7 9% (g) &
(€4) (cm) on) mn (cm) (g |77 (%)
BN922 5.7 7.8 59 27 180 6.28 4.31 45.1
Talent 5.2 7.6 57 25 178 6.20 3.67 43.0
Table 14. Fatty acid composition of BN922.
Palmitic Oleic Linoleic | Linolenic | Arachidic | Behenic Erucic
acid acid acid acid acid acid acid Other
(C 16:0) | (C 18:1) | (C 18:2) | (C 18:3) | (C 20:0) | (C 22:0) | (C 22:1)
BN922 4.3 71.4 16:1 1.3 4.9 — — 2.0




Figure 10. BN922 in wintering.

Figure 11. BN922 in flowering.

Figure 12. Maturity stage of BN922(left), Talent(right).
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Table 15. 2006~2007season local trials.

I S5 SHAWAA AlFs BN9229] Al A=

%) ;? ﬁ% 273 B RIS
(4.9) (4.9 (cm) (kg/10a) (a)
Aepde Fob 10.10 4.16 170 550 0.3
FHAEL SH 9.20 4.20 175 500 10.0
2007 ~2008season?ll THEH7I=Hol Al AAL 2163 Zrt Ui FF A

gl mlgke] REAF oI, gt

<5 AT

Table 16(1).

2007 ~2008season trials

Extension Service.

o,

in ChungNam Agricultural

Betom, 5ol 10%

Research and

(o) 2=t}
Metrl | AE7 | s | D0 | AR | =% |2As| L2 4
A% @) | @ | @ | T em | e | o | BT
() o
i EE F) | 4.15 6.09 70.9 83 | 120 | 42 5 43 6.5
AR 4.22 6.18 93.1 80 | 132 | 35 4 38 8.7




Table 16(2). 2007~2008season trials in ChungNam Agricultural Research and

Extension Service.

19 19 R d¥ e = 10a%d &
A& A | wWEe Gk = (039‘3 A (kg)
&) &) (%) (2) (0~9) =% A5
AU EE F) | 23 32 72 4.3 0 0 324 100
I 28 41 68 4.8 0 0 357 110

Figure 13. 2006~2007season local trials(left:Jeon—Nam Muan, right:Chung—Buk
Okcheon).
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AtH(Zhang et al. 1998). webx JA WS AFE Fast7] oldol| WA B napus L.
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mg/L)9F NAA(O, 0.5, 1, 2, 4, and 8 mg/L)¢] %3o] =AA el shoot F& 53
S AASE AS doluiddeh. 24 A & A3k shootse] ZA(12.8 shoots)<t &
S 7Hko 2 &tol B papus L. cv. WH10 A3 A19] shoot AE3Fo] gloja] 2 ¢
274% 4 mg/l BA 9105 mg/l NAAS oz Mustgith(1d 14). gxz oz

NAA 557k Z7ha] web 48 9 AR shoots®] e FAasAoM, BAL
Lo shootsth FETE AL o & UL oleld Az BASH NAAS) 44
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Figure 14. Effect of hormone combination on shoot regeneration from cotyledon
explants on MS medium containing various combinations of BA with NAA. Columns
indicate the number of regenerated shoots per explant.

AtGRF1 %=+ AtGRF2, gus, hptH 27k 323E binary vector pCAMBIA1300<
AL&8e] Al tumefaciens® RS T3 FAME FEAS s Ao kA A,
WH109] T ZA 0| A hygromycm«] H2 A w22 AR89 15 mg 17! B 1
Hoh o] & F%9 hygromycing FoI8tS Wl A Aol s A, Ax
wjok 45 ol FHE AL AW 15-16). ek B Aol M= 20 mg 17 <]
hygromycing A Aol o] &3ttt Aol AdH wFS wiFol A H&
hygromycin A&A4-& YeElUl= AS & 5 AU

Figure 15. Effect of hygromycin concentrations on shoot regeneraton from 4—day—old
cotyledon explants of rapeseed (Brassica napus L. cv. WH10). Data was collected after
4 weeks of cotyledon culture on medium comprising MS supplemented with 2 mg/L
BA, 0.5 mg/L NAA, 5 mg/L. AgNO3 and various concentrations (0, 10, 15, 20, 30, 40,
and 50 mg/L) of hygromycin.
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Figure 16. Effect of hygromycin concentrations on shoot regeneraton from 4—day—old
hypocotyl explants of rapeseed (Brassica napus L. cv. WH10). Data was collected
after 4 weeks of hypocotyl culture on medium comprising MS supplemented with 2
mg/L BA, 0.5 mg/L NAA, 5 mg/L. AgNO3 and various concentrations (0, 10, 15, 20,
30, 40, and 50 mg/L.) of hygromycin.

Ak 55 el AtGRFI A F 59271 F 3270, AtGRF21A 64370 < 27719
hygromycin A3 FxZo] A=A FAHAINEL 54%, 4.2%= HYEST (G
16, Fig. 17a). Callus ¥l 65 3, Z+Z AtGRF1, AtGRF2o1A4 6, 4702 7%Eo] &3}
o™, hygromycine] XH ajX|o A FAHQ0 A ZxZFAS == multiple shoots7}
AAE AT (£ 16, Fig. 17b). wiF 142 ol 670 5 2709 A%, 470 5 1709 A%
ol BAA7} AAEYI, EAo] multiple shootse] A4S 43 HFJTHE 16,
Fig. 17¢). WS F%317] 98] multiple shoots$} F+22S 443 A AskaL, FAHA
TS hygromycino] ZFH 1/2 MS wiA o] wjetatglet. vt 35 dlo] ¥l

o8 FIHAJATGEE 17d). BF F2& 918, 1570 1 HA A wfx|ef B2 = w)
A A Aoz wASAY. BE AtGRFISY AtGRF2 BRAASA = A4 7dY

ogon, 94e Ht S o F4F ANAATCE 17e—g).

Table 17. Transformation efficiency (T.E) of rapeseed (Brassica napus 1. cv. WH10).

NO' of HygR . Hng plants Transformation
infected Regenerated plants with with ..
Transgenes Explants . R .. efficiency
explants HygR calli (B) multiple adventitious
(B/A*100%)
(A) shoots shoots
AtGRF1 Cotyledon 200 5 2 1 2.5
Hypocotyl 392 27 4 1 6.9
Total 592 32 6 2 5.4
AtGREF2 Cotyledon 215 7 0 0 3.3
Hypocotyl 428 21 4 1 4.9
Total 643 27 4 1 4.2




Figure 17. Regeneration of transgenic rapeseed plants via Agrobacterium—mediated
transformation. a Hygromycin—resistant calli derived on the edges of cotyledon
explants after five weeks of selection. b Hygromycin—resistant multiple shoots
regenerated after six weeks of culture. ¢ Hygromycin—resistant adventitious shoots
regenerated within 14 days. d Root regenerated within three weeks. e Transgenic
plants growing in the greenhouse. f Transgenic plants at the flowering stage. g
Transgenic seed ripening.

Hygromycin A &4 A& A9 DNARZ PCR #4& 33 A3 A/GRFIZ} AtGRFZ2
FA27F genome Woll 2 AAFEdE AS & 5 A Zdzbe] A S A FolA

°F 1000bpe] wHo] HAZHAA W a4 =0l THLE 18).

>
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Figure 18. PCR product amplified with AtGRF1 and AtGRF2 gene primers. M: DNA
marker. WT: wild—type rapeseed plant. Lanes GRF1—1, GRF1—2 are AtGRF1 and
GRF2—-1 1s ATGRF?2 transgenic rapeseed plants, respectively.
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SUMMARY

Now which the necessity of an alternate energy development have been risen to
the rise of an international valuableness. The biodiesel was raised to an alternate
raw material of the diesel which is a transportation fuel. The home production of a
biodiesel synthesis raw material which is next generation substitute energy. The
cultivation of the rapeseed is activated for the stability of the supply and demand
and farmhouse income enhance. The development of a domestic rapeseed oil
expression. It was processed so that a manufacture technique development of a
rapeseed biodiesel was active.

The enhance to the performance improvement of a domestic rapeseed oil
expression of an oil express ability and We present an expression condition which
the property of matter of the hold fit for the raw material of the biodiesel. We look
into Apply possibility as the biodiesel through this and present the practical use
plan of an oil cake.

We completed a consecutive oil expression system which the oil expression the
rapeseed. The cultivation area widens and needs an area unit supply in the view

which the rapeseed of many quantity is gathered a harvest.
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Figure 1. Structure of rapeseed's seed(Singh, Singh, Bargale & Shukla, 1990).

Table 1. Composition component of rapeseed's seed(Oil&Fat Manual, J. Morice, 1996).

Spring napus Spring campestris Winter napus
Components
rapeseed rapeseed rapeseed
Oil 41.5 40.0 45.7
Proteins 44.7 44 .2 40.0
Cellulose 11.8 11.7 11.5
etc. 2 4.1 2.8
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Table 2. Carbon distribution of high erucic acid rapeseed's seed(Oil&Fat Manual, J. Morice, 1996).

%total FA
Nature Campestris Napus
C16:0 2—4 3—4
C18:0 1-2 1-2
C18:1 12—-18 9-16
C18:2 13—18 11-16
C18:3 8—12 7—12
C20:1 8—12 7—-13
C22:1 38—47 41-52

Table 3. Carbon distribution of high erucic acid rapeseed's seed in Canada(Low
erucic acid) (Oil&Fat Manual, J. Morice, 1996).

Nature %total FA
Westar Stellar

C16:0 3.9 4.2
Cl6:1 0.2 0.2
C18:0 1.6 2.1
C18:1 59.1 59.5
C18:2 18.8 26.3
C18:3 8.8 2.4
C20:1 1.4 1.3
C:22:1 0.5 0.4

G Txy AARE B ¥ 49}7o] yEldt}. high erucic acid9t low
erucic acid + #& EF t 2o =4 = 2 AolHE Holx o,

=
=
ol et d 3 Al wlele A &3 AAZF Q= Saponification value®l 74-9- low



erucic acid®] 7% high erucic acid 20~237}#] =}o]7} ‘4—% & 4 At

w2 Qe A= FH B AUttes nlelet Aol Hyo] @AstE uvetel A= low
erucic acid ©]®A] high oleic ac1d«] FES HAEsta 9}9“31, FE ML A7}
e g vk Ao FE NFH gE fFA9 %X] S sFaFs S
He AYE A @ds] HgEa flow, O giiA] YR 4S5 = 7 3
o} EdoAE F93 f-A (winter type rapeseed)®] high oleic acidAl% [oleic acid
(C18:1)7F 75% ol $Hrst= A & SAstaza A4-5 Adsto] g, A4 £+
H 60% oleic acid (C18:1), 20% linoleic acid (C18:2), 10% linolenic acid (C18:3)& 3
ek A AplE AeAoRE mk Adelt. SEugtE 59 #AAE 3 High
oleic acid®] M &2 FF /T 2 AEs} A5 S 5l FAE =71 A1 Ay A
k23t stHA gl vlol ot AR gHute= 7|5 whEs o Stk

Table 4. Basis property of matter of rapeseed oil (#1:Kores rapeseed, #2:EUe
Canada*China rapeseed), (Oil&Fat Manual, J. Morice, 1996).

Characteristics With erucic acid(#1) Without erucic acid(#2)
Dso 0.914—-0.916 0.914—0.917
n”’ 1.472-1.473 1.472-1.473
Vaolc.p.) 86—97 72—82
Iodine value 100—175 112—-117
Saponification value 170—-175 190—193
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Table 5. Roaster temperature result to the by 250C of the property of matter of
the rapeseed oil to Oil Expression high temperature and characteristic.

AE | FYF Roaster temperature(C) Cylinder | ZHr& A7t Roasting TE
N5 (kg) oE | 3A Roaster (C) (%) - time(min) (ppm)
1 180 87 4.03 20 413
2 170 86 3.81 16 369
3 160 110 88 3.03 10 377
4 150 84 3.24 9 497
5 10 140 250 180 85 2.82 8 632
6 130 84 2.8 6 586
7 120 87 2.76 4 602
8 110 80 80 2.69 3 718
9 100 77 2.91 2 795
a2 2 A 2§ 133 e A9E JEwoH, A& 75~87%7HA YES
i, AAAe R 5 2w Ut met A& fgahse s & 7 Ak
AHEE FE 257t wobgel wEt FUFeA R 85% A EolA 1El e 7187 7F
FUAYL ¢ 5 Ak oG ol fr neAF A KAN AL W AEH| 537}
@ o] so] el we veht Az ekt
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Figure 14. Acid value with the of the corn—high temperature.
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Figure 15. Moisture with the temperature of the corn—high temperature.
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Table 6. Roaster temperature result to the by 250C of the property of matter of

the rapeseed oil to Oil Expression low temperature and characteristic.

AE ERup Roaster t?mperature Cylinder Eor Ro;.istmg sen
ME | (kg o © | o | P me o
- o= 34 | Roaster (min)
1 140 110 83 3.34 30 278
2 130 82 3.22 20 344
3 120 83 2.60 12 490
4 110 80 81 2.94 10 538
5 10 100 150 150 81 2.87 8 563
6 90 60 79 2.91 7 625
7 80 75 2.89 5 706
8 70 10 77 2.75 3 718
9 60 76 2.60 1 722
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Figure 16. Oil Expression rate with the temperature of the corn—low temperature.
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Table 7. Influence which a moisture and Roasting time High, low temperature oil
Expressing.
== 3 A Roaster | Cylinder =55 At Roasting | %
(C) (C) (C) (C) (%) = time (ppm)
250 180 85 2.82 8 632
140 110 150 150 83 3.34 30 278
Table 8. Influence which a moisture and Roasting time High, low temperature oil
Expressing.
== 3 A Roaster | Cylinder | Zri& A Roasting | %
(C) (C) () (C) (%) time (ppm)
250 180 87 2.76 4 602
120 80 150 150 83 2.6 12 490

o A Ay 3 FFo AyE Hol HAY AL A2HF A FEZE
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Figure 20. Compression screw of preexistence left and 1st improved right.
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et 12k #feh v7MA R Handles Z2dstel 1A} fuke] 275 vk, 23 25
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Table 9. Oil Expression experiment condition.

Roaster Expeller Batch &/
o Xp : IROT(C) ST S
25=(TC) 25(TC) (kg)
e 25 250 180 100~180 10
A J5 150 150 60~140

Fo] MA

FAR S o] gEFTH(olE) Fy). Fi &AH&S A A 68~86%= YERHATEH
o|AL M A AL FAFAHAQ 75~83%}t vuEH HfEo] Hi 3%57) I A
& 4= Ak AR B2z A= A A AFEH Aok 77~88%, Fi 80~87% %
2 A7l &S & 5 Atk a2 A ZAF-&9 Wy glolx AL 2Rt
25 s 4 = HUEe ZFfoly] wiEe] o ol F7FekA] e Aol a2 -
T W2 FAFEo AL ZAFo vANAE 3% HE FUFE AL 9 & k. AR
ZA0A efzte] F7F FAE YEhd AL A A Agd A oke Rore] A Ax
AFEf7E B33 Aol njgth o] RRoA el Holol AorE B 4t}

Table 10. Result of high temperature Oil Expression of F1 Rapeseed Before improvement.

A o)k Roaster temperature(C) Cylinder B A9 éﬁ(;‘it]% =
(Ke) =8 Roaster ©) (%) (min) (ppm)

1 100 81 1.7 2 875
2 110 80 1.6 4 1079
3 120 84 1.8 5 999
4 130 86 1.6 6 1110
5 10 140 250 180 87 1.9 9 1124
6 150 87 1.8 10 851
7 160 86 1.8 10 1178
8 170 87 1.9 12 664
9 180 85 2.1 13 652




Table 11. Result of low temperature Oil Expression of F1 Rapeseed Before improvement.

NE |29k Roeftjr temperature (C) Cylinder(C)| 26-8(%) Ao RoastrEH 7] T
=5 Roaster A]ZH(min) (ppm)

1 60 68 1.4 1 772
2 70 79 1.6 3 949
3 80 79 1.5 4 1285
4 90 78 1.5 6 737
5 10 100 150 150 85 1.6 7 819
6 110 80 1.6 11 1134
7 120 82 1.3 17 719
8 130 86 1.4 22 663
9 140 86 1.5 32 526

A Ax7E & ol Aot FAfakaled MM Az dAH o il
Fi AEY w7t & A4S faske 2lo] oidE F3 F3 & AXE vEh
T AE AT 5 ded oJAE RS, Abel vlaste] B gito] 2 A
oA Ffrgol FH ARRtt g WolA L Abe &% utel S & 4 k. 1 9
fri= Roasting A o] HolZbA Ha gAld 4= Qg 7k A8= o
oJUAl Hol o]l FAskANt JhEE e FiEe] vl SkeE o'l Aart

o

T L
ol A FA7F ol k= e & Aok AAZ FAF Fol FA7F vtew wol H
of utetE o2l W FA HA=W B &S AfFsA 2 Ag olFA woer Holuy
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Folt}, A= ZFE 81~92%, A7k 1.8~2.6,

Aol A AL wiEFE Ft 0.35kgo® AA AFES 4.9% F7F AA &
Aitolt}, 1L FF ARE FELE 120~13004 AEo] ZojEA ¥
A Aot Azued FFE FHo] wiEo] dojur] AlFsh= A

o]

&JH %2,

Table 12. Result of low temperature Oil Expression of Fi Rapeseed after improvement.

. Ea Roaster temperature(C) Cylinder Py Roaster Zn
15 . k) o 7] A1 3E
(Kg) a5 Roaster (C) (%) (min) (ppm)
1 60 76 1.6 2 696
2 70 86 1.9 3 852
3 80 83 1.7 4 1414
4 90 83 1.7 5 1277
5 10 100 150 150 88 1.8 8 1040
6 110 83 1.7 9 765
7 120 93 1.6 13 584
8 130 87 1.48 21 518
9 140 85 1.78 29 357

Table 13. Result of high temperature Oil Expression of F; Rapeseed after improvement.

c . - o
e =o)a} Roaster temperature(C) Cylinder Rog ot :I]{](;;]lit]e‘/i sn
- (Kg) S Roaster () (%) v N (ppm)
(min)

1 100 88 1.8 3 695

2 110 89 1.9 4 783

3 120 83 1.9 5 816

4 130 81 2.0 6 769

5 10 140 250 180 83 2.1 8 679

6 150 89 2.1 9 615

7 160 90 2.1 11 517

8 170 92 2.1 12 330

9 180 90 2.6 13 474
A2 el 2ol Hal a2 ApolE HolA FETh SHAINE AbTtel A AL
SHR7E ASHFED 054 w3 o] 500ppmA = W AolHE HAFH.
3} Roasting timeg P3PS v A22fE FEL2E 120CEHT & 2EdA=
20min°e] Z¥st= AH(E 7HA 9L AA AE ZAFEFAPolA = A 100kge] 2l
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Figure 22. Result of high temperature Oil Expression rate before improvement and after.
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Figure 23. Result of high temperature Oil Expression moisture before improvement and after.
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Figure 24. Result of high temperature Oil Expression AV before improvement and after.
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Figure 25. Result of low temperature Oil Expression rate before improvement and after.
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Figure 28. Module of continuous Oil expression system.
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Figure 30. auto—injection(left—front, right—side).
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3 (ppm)
A 5

B2
2]
M A

600~800 | 700~820

o
T

WA

1.8~1.9

HAxA
2+7HmgKOH/g)

2.6~2.9

(%)
3

o |z
oE |=
T

T

88~89

X =

e

e
M5
7 2
N

150~250

100~120| 80~87

ofF
e

N

o
1

250
180

100~180 [100~120

Roaster =%

Expeller &%

1

alil
Hr

Table 16. Condition of low temperature Oil Expression before improvement and after.

1.6~1.8 [490~560|580~1040

EEX]

|

AF7FHmgKOH/g)

=

88~93 | 2.6~2.9

81~83

150~250
100~120
100~120

150
150
60~140

Roaster =%

Expeller &%

M
ol

Hr

S FELE 100~120CE et on o

A

=

|
S

)

oo



wo] ZH& NA A 81~83%, Mk
A AR Boy JRdse] HAx
Frgo] =2 @7 uio] g9
A A}t v 7 R ore] Ho}
of w3 MAH7E =
MR F HHzAe Avrt
Aekgt 27 A 271 o] F
ol Aotel Aw 7% 4% ’
o7 24 ved 4 ). o]yt AL ok Aqul), =3 B
teb Zpol7F A A

[k
o

88~93%°|th. A=A Al
o A7} vEbskth Lol

e Ao Fuyu sfA3e]
telz wdeny, HZH 19 2t
7d5-¢F FLsHA e
R

T

Iy

otk

o

)

X

==
==
2

4 oo

Ho
o
4 of o2 X N AL rlr do lo |m

NI
o
N
g
ol
Wi
>

2 o Jo
o

5

T
o
£

e He X
Lo,
S

Hy o 1o

SO

ol Hob

et

2
N
-

)
o
o

2

=

iy

ot
L5

M
te
o
o
2

B

"

Mol ol (L X

o

i
=

2

o

_<|>L'

W o 2
2
U=
~
o off 1, O
® rr o § ©

oo oo LI fo

oo
o
2
fz
zl
ol
N
52
rlr
Ky
(2
>
Lok
(i,
x
2
o
N
19
o

-

oo 2 2 Mo

o 20T o x4 1o X o
N

off
2
rr
2
12
Lo
>
2
o,
1
=
o,
et
Xy

M
by
b =

o
X
rlo
L
Ho
>
o

S o
(e
U,
o
bt
it
<
o
T
e
>4
gg

IComE > X orle xR oo
b
=
>
rr
e
[e3
o
Ry

Ol
-

L oo Kol dB BN

Roaster>= 5 WE3sle] &3 okst A Roaster2 F

A

N

2L
it
o

oasting timeS 3oyt st} o]wfo] Roasting time> Roaster®] &%

o
Ku)
=
@)
%
o]
1o
rfo
Horr BN
=
%,

LR S Korle
by HF
o Mo -
o o,
s
R
B

S
d
m.%dg =2 H
o
o
k1
~

> B b N

o
‘O
w >
o5
e
o
g
5
—

2 A AR 27 o] M A Sl vlE) Wol] ApE ke HA

Eol Fo] ZhA= &Skth shARE 2Ee] ke gFo] AFE A FshE Fatol A

Roaster?] Roasting timeo] A ¢Fol A&H2{FE A|28l7|7F o2 9t} Roasterting

¥} Roasting times AEA 0w &7 913 A Al oS E3l system setting=

g8 s¥oen, T wE dEsystem SHAHANAA L Bl TR
= w

S wro] A9tk A5AE system] FHAW Avps ofdl E 17(A%HE system

o
fru
(o
2]
ol
ol



Z5AT) e AHstgoen FELEE 10CHYE 80~140TolA A& oH
Roaster®] &%+ 140C~280C7+A] 22} RoasterE settingdto] 213} th 2f-o
AREE Aok Fdol Al FulE Bs ARE ST A Ske] 4] e soxhlet A
38.4%(w/w) = Uebstom Aok 2 10.1%%2 SH AT ol &4
o8 Byl gFow =Aeon Ax= oF 3.2%(W/W)e o

B FES 89.7~90.8%% M AT Ay
Ax7E A8 kS Ueillnh A7 3.57~4.228 AT} AAF
AE Blssi. FEdE=E A
of Mt ® 16(AEZ system ZFAY
280C & settingo] ¥ A+ 2
AEE e R AE T T4
3} 1o EA| A Roasterd =7} 3%
Hr system®| AH7E7F A A o
2 e o= ® 17(A%5F
2b7bE EolA Al Wi R o] u
Roasting time: ¥ oz Ao
E2 FAHEHAT. o] 5 o}
o7 AR Eek AA7]7)
o] B]8} Roasting time©o] 4

(]

©
o
it
O
¥

A

R

d
R
c
g 1

o

dlo

A mlo

R

re

off

ol

32

2

_’ {

Ho

il

D U

b

_\1_11

09
XS M Hdo
oo 4ot B

_}l_,
AL HI
o
-
d e

e 4

—_
N
()
O
=2
X
)
o
o
»
%
@
=
rio
=
o
o
»
—t
@
=
Lo
L

ro
N
o
e
-3 r
=)
>
Mo e
o2 )
o 1
Hir rlo
R
2
Y
poy o
T,

i
=
=
o
dpr
[N
K rlo

4y o2 g
ogt
|

tlo 1o,
AUAE)
N

ro,

AN

A= Ao gR1E = Utk FEdo] Wo 2
A gigA o2 13]9] FEo] FolA&= AlZke] 10~
3t7] Al o]t hoodd B 7} A X ¥ A ¢Fo} Roasterof A
ZE w7k gr] wiiEel shd e S 2
oy A AL A7H7E A vERd Ao w o] Hrh

_H
X

s

=
—h' oL
ME o H

o2

Table 17. Oil Expression result of continuous Oil expression system.

FEL2(TC) | Roaster%(C) |Expeller2%=(C)| ZF&(%) 2F7FHmgKOH/g) % (ppm)
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90 180 90.1 3.76 2100

100 200 90.6 3.86 1510

110 220 180 90.9 3.85 1060

120 250 90.8 3.88 940

130 260 90.6 4.05 880

140 280 90.3 4.22 860
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Figure 33. Oil expression rate according to the temperature of the rapeseed.
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Table 18. Goal achievement of of continuous Oil expression system.
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Table 19. Property of matter analysis of Biodiesel used to rapeseed oil.
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Table 20. Property of matter analysis of Biodiesel used to soybean oil.
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Table 21. Fatty acid furtherance comparison of home production rapeseed Biodiesel

and soybean Biodiesel.
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Cold Properties of Biodiesel Blends? for Test
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Figure 37. Cold properties of Biodiesel Blends for Test.
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Figure 38. CFPP of Biodiesel Blends.
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The Result of Cold Performance of Biodiesel Fuel Blends
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Figure 39. The Result of cold performance of Biodiesel Fuel Blends.
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SUMMARY

Bio—diesel applications seem to be extended due to the bio—diesel policies and the
changes of agricultural environment. This study was carried out to adapt a usual
granule fertilizer applicator and usual combine harvester for rapeseed seeding and
harvesting.

Suitable rapeseed cultivation techniques of domestic agriculture are essential for
stable security, supply and demand of rapeseed. The first topic is the development
of seeder for rapeseed seeding, the second topic is the development of combine
harvester for rapeseed harvesting.

In development of rapeseed seeder, the seeding plate of an usual the applicator
was reformed to adapt for rapeseed seeding in which the plate has a new three
seeding halls. The relational expression of metering groove size and discharge rate
per time displayed high corelation of coefficient of determination 0.988. Also, the
scattering types were analyzed by the forwarding speed and discharge rates.
Validity application width was decided 7.0m by analyzing application uniformity
about application width 7.6m, 6.6m, 5.6m. All average coefficient of variation values
showed less than 20%. It was the best application uniformity in the condition of
work speed 1.3m/s and sowing rate 19.0g/s. It was better average coefficient of
variation values under 10% at superposition application of rapeseed seeder. Also,
Scattering amount rate of right and left was within 0.89~1.0. In field test, the
working performance of the prototype was 0.3hr/ha resulting in 89% of the labor
saving compared with the usual method. The cost was cut down to 37% of the
usual method.

In development of rapeseed harvester, a rapeseed reaping equipment to be
attachable to the conventional combine was developed in order to harvest a crop of
rapeseed for bio—diesel materials. This study was carried out to measure the
harvest feasibility of a prototype combine in rapeseed field. Grain, stem and pod
flow rate, grain qualities(whole kernel, damaged kernel, unhulled kernel,
material—other—than—grain) and grain loss rates(header, threshing, separation) were
investigated in each field test.

As the result of the field test, the average grain flow rates of SUNMANG and
MS varieties showed 1,430kg/h and 2,038kg/h, respectively. The average stem and
pod flow rates showed 3,443kg/h and 6,596kg/h, respectively. In each working

speed, the average whole kernel rate and the material—other—than—grain showed



99.9% and 0.08%, respectively. In the average grain loss, the rates showed 5.66% in
case of SUNMANG and 5.94% in MS. Header loss was higher than other parts in
SUNMANG. However, the threshing loss was relatively higher than other parts in
MS. Header loss rate due to side cutter knifes, however, was not so high when
compared with a grain loss due to the cutter bar. Effective field capacity and field
efficiency of the prototype combine was showed 0.389 ha/h and 44%, respectively.
The result to compare the customary combine with the prototype combine in field
test demonstrated that the header loss was reduced by 69.3% as the prototype
combine for rapeseed harvest was used. The working performance of the prototype
was 2.5hr/ha resulting in 89% of the labor saving compared with the usual method.

The cost was cut down to 55% of the usual method.
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Fig. 5—3 Geometric diameter distribution of rape seed.
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Fig. 5—5 A seed metering device(left) and scene of broad—casting in paddy field(right).
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Fig. 5—6 A planting seeder and scene of planting in paddy field.
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Fig. 5—7 A covering device, soil covering and draining ditch work in paddy field.
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Table 5—1 Target and real seeding rate, error, capacity for each seeder.
Target seeding rate | Real seeding rate Error Capacity
Seeder
(g/10a) (g/10a) (%) (min/10a)
600 580 -3.3 1.25
Broad—caster 800 853 6.6 1.19
1,000 973 —-2.7 1.15
Broad—caster 600 558 =7.0 2.98
800 725 -9.4 2.92
(Tractor attachable) 1.000 1319 +31.9 390
600 - - -
Planter 800 - - -
1,000 1,983 98.3 14.9
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X3 FE 5T B fFEIE 858 U), AXxEF(5), PTO 58S wol %9
GEEFe FEFES FFHO0F 45°, $FHO0R 45° FA o FA = FHHEH(6),
g xS Adzate] g skel] WA 2Ast TR AFAAR xdo] Jheet
A (7)), AsdlHE FAANATE AFEE®), AFEEE Aol F5 AofH-(9)
Tog FAE Ut vE AX dEle AR Alojf-o wMEH 2AUTE SAE
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2ol dYxs dAdt. d44H mMFES T3 vse AFYststA =W, Afuer
1 HEE EYE PTOFOo2HE 58S Adwe 2550 9502 3das ¢
A e 9 Fo] AYXREFE T oFE H¥HY

@ : Hopper @ : Frame @ : Seeding plate
@ : Spout ® : Blow head ® : Power transmission equipments
@ : Driving lever : DC motor @ : Controller @ : PTO
Fig. 5—10 The schematic of a granule fertilizer.
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Yakow Aol Qo] wEe] A3 el AL FA Fxel Agatrlels HA
ﬁ%ﬁ}t‘r delgich webd 9 5-133 ol Al A HEL e 2% Ax)

7te FES F71ekd ok MEE shtel 2718 114mm R 120° 7H4 082 33k wjx|
dto] F HlTE WAS 342mm’2 A Fsho °‘7ﬂ°1 2 A A BREVN2 ALE S
g A= sl 44 B2 2d dhs gl 2304 gd dEA 4dAR
TS AN wERS 189 e A o}T S 93-S 248t FA9 W)
< HEds g 4 o EE W8S 86mm’, 29 W 177mm”®, 3¢

L. = i
Fig. 5—11 A usual seeding plate. Fig. 5—12 A new type seeding plate.

Table 5—3 Application rate for rapeseed seeding.

Target seeding rate, g/10a Discharge rate (g/s)
1.5 m/s 2.0 m/s 2.5 m/s
600 6.3 8.4 10.5
700 7.4 9.8 12.3
800 8.4 11.2 14.0
900 9.5 12.6 15.8
1,000 10.5 14.0 17.5
1,100 11.6 15.4 19.3
1,200 12.6 16.8 21.0

O WEF wE T L HE FEE B
7 #EFo —E— A B4 MEF NG
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F9 AgozA volord ARE W] s Tl AME L Q= Fpoly]
Frae 82090 LEF0] AL0T FHo|Y] W 1 5-135} 2ol WFF =



BE Al A T4 FHEAE 7R, AR, FolE A 115 X 45 X 105em®E A 2s}
Atk PTO 3#42 300, 350, 400rpm?] 3553 wjE &S 4WAMEE 30 = 5<F 33
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of F4 FAE 20kg o] TP Fol vl A4E ELE PTO IAG7t HES <
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Fig. 5—15 Allocation of collection pan matrix in test (unit : cm).

X
18 4-162 WEE A7) 455(86, 177, 243, 342mm?)3} PTO 3] A5 (
300, 350, 400rpm) & 3 T2 A wiEFS A A5 YERH ot viE
T 49y HE ARG HFFEE PTO Ao BAGle] wiEE 86, 177, 243,
342mm?oll A 247} 0.8, 7.4, 14.2, 21.1g/s= WEHE AL & 5 Ao, ¥ 1A
AN QD HE wEFA 6.3~21g/s FHE WESAT. 18y gt Hx 9F
F A EE gl W FEAQ MEH BeE JEAE ueE 24 b E B
o A8} ste] theket wiEe dojof & Ao HaHALh wiFE A9 wiE
4-‘4 AGATE 09952 w§ 2 AHdAE Belon, wiEE Ady Az wE
AAZ A (5-1)E Yepd = AdAL}.
Y = 0.0806X — 6.2377 (5-1)
Where; Y: discharge rate (g/s), X: seeding outlet area (mm?)
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Fig. 5—16 Discharge rate by seeding outlet area.
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Fig. 5—17 Application patterns of lateral distance
(discharge rate: 17.7 g/s, forward speed: 0.8 m/s).
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Fig. 5—18 Application patterns of lateral distance
(discharge rate: 14.3 g/s, forward speed: 0.99 m/s).

Fig. 5—19 Application patterns of lateral distance
(discharge rate: 10.8 g/s, forward speed: 1.31 m/s).
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Fig. 5—20 Application patterns of lateral distance
(discharge rate: 8.23 g/s, forward speed: 1.72 m/s).
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Fig. 5—21 R/L ratio by discharge rate and forward speed.
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Table 5—4 Application performance by discharge and forward speed
Discharge rate, forward speed
Average 0.8 m/s, 17.7 g/s 0.99 m/s, 14.3 gfs 1.31 m/s, 10.8 g/s 1.7 n/s, 8.23 g/s
CV'(lateral) 73.5 70.5 73.3 7.7
CV'(forward) 16.7 26.6 23.3 27.2
R/L ratio 1.03 0.98 0.95 0.92
* . Coefficient of variation
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Fig. 5—22 Chink in the shaft of agitator. Fig. 5—23 View of damaged rapeseed.

O #A&me} vFago] wa} A¥ #5585 AYEE 0.99 m/s9k wlEFo] 7.4g/s o
w WolA57t 70.5%% 7Y XA, AUEE 1.7m/s9F wEE 21.1g/sY )
77.7%3ck. QA wEAET] Fee] Ax dEme WA FHE vt 2Rk

gk WOl AIFTE 7.3~47.7% WHE BAT X 45

ot Ag&wEsh MEF] o}
o F4e e MAY

e
o]

3. B9 $EY f4 HE7) A
RS

Skl A 71E9] Al HlE AEgor ARSE HEAREVIE FA FT7]|RA 9
]

Al FA FA SFol AFHES WFRL AT Adse] 4T



A=
p
=

1 o

<

1577k

2
A 7

[e]

A Al
A

2%
%)
a1

o

stttk = el A 1

S

=

N s

al

b1 9

A

71e] 7R ghel A Fr1 2

o

=

=

°©

?:f_]_—,

o2 H

3L
s

# Aolel

A v B

=
I EA0 REgo AL

o

b )

o]
H

Is)

WHolAl45 Bl ®

A

=
T

].
A, g wiE

Ioh e e

PR

_g]

}

=

=]
e

S H

]

RiLs

=

]

WjE 2 Ato] o]

A

wmo Wy N M o o ® Y i 0 e v Mo ol o & T U
BEW T g o A ol d R R E W = A
DT, ER R 2 T D oo o o .= o1 B
< a A EEY = & 7 L R TR
Mo HI S LR O W N o N

~ © <V A.rv ~ — 2 .
s MRS T Pom =T RNT Mo B0 g5 Mo < Mo gy
oq < ol ‘oF S R = K O oﬂ = X ook _ oF =y ‘m_% 4o B5
dln_uio/\1r < P 3 ovﬂi iv:éuﬂuﬂ&ﬂo;
o DO Mo m 4 R T T . ko XRE T
N Al ~ on W o] Mo ™ F D
N B g Ne = P R 2o g 4 W
it o =R o N oTr ‘AE USRS T o) OME 5 o
HENPE Ay F ol aTE TR ooy & AR
Jad§ AT —~ R oy ,Inﬂ HT_ = s oﬁu o —_ OE
R IR - L N A CIR 2 il
= = = pl oK B op R —_— o T o X
Ho]70@M ™~ 1._|_/H:.L ~— L 0 = iy —
?WETZ}%:T In of m B X e
) ~
mfatzom_wwu,#mﬂ B %@Mtxﬂ}ﬂu WU oy g B oar
< < 5 S ] i o il %0 X A ~ Mo mo = ©° &
g 28y o B w5 — Mo oo § M e
L S - TG Sl wE W
Nrmﬂ@%xﬂ_.d.],m_w 3 utﬂo&o@%ﬁﬂﬂ mﬂﬂﬂ%ﬂvu%ov
Jlio 0 e X Hof@ﬂa] &o QL‘_.@Q\WAH <V Wfﬂﬂ ﬂﬁ EOMﬂ 1 =
T o Ny E - o = h W ~ -
OL 0 EE H HT_ \H_Ol ‘U| - X Eo O_H 0 0 o JHL ~ ﬂ.o” 1&! Q
NN T R T e TR ook x W LI e
%’ XT oo o3 (5 T N = M g E
s E LT w g F xS SoMeRoom W

\ = jang ! = ) Xl =
__ ’° /K\”ma iﬂe#eﬂﬂb%&l&oioﬂ — Eﬂu.uuﬁx_o_qu%Mluvw
K T R of & o
N o B T T WK Ay T oo T oo X om
@M%ﬂﬂ%ﬁ?o@o?t%ﬂHME E%&V%W@ﬁo
<U o N o= N Koy B0 ~ow o - = < _
_ T ~ — r X — 2 T o
s R R S S A N
FAN el TodaTary T B Am ¥ e T
W ErﬂuuﬂnﬁEﬂ%]mﬂ_imag%? wmmmﬁﬂﬂﬂmﬂﬂﬁmoﬂ
do oo E HoOMET e mEem KT LR e Py
~ = 8 o) ) RV n o o e o il 23| ot Nz w )
CEmbghaREaN O NG oM M@ao owu fd W%
A o el RN e R B i T W ol X o~ D g Po L RE L L
mﬂﬁlﬁaﬂﬁ]% o % .%o wr - = I B N
TN 2 2RSS T w2 M= S
O I - T Ly ooy &
Eiﬂ7d4§0iolﬁﬂumﬂ%ﬂhxE MHAoﬂLO.yE
WOoNE ok o xR S o 0 o MR oy X o XNE T O K

§ S2ke] RTHEE &

bol

Is)

d<d, 3l

3 AFE= 400, 450, 500rpme.

v

1 %9 1,000

1
JE



W) 243
&b et o] gekel AELET
@ A3 1y 5-25% o] Uekon, o2

A8} gk o] 11 5-26°]t :
EE ol 295 45°2 FHol= 2Ees o HEIEFE S £ Ay
AL F95 24500 AA RS W FA FAVE 2FOR WL Fo] WEH A
EFdeo] MAEe dHE Bds & 5 ST AEEFIE 95 £45° 9 9A
AE7E W] Ao dekd W fA A= HERF TIETIF ok 5
META Ao we o FAFAE WEHAT. o] A4 T4 I1H
5-269 AEXEF 72+l £22.5°9 0° wjo] e}ﬂﬂEHE Holn ¥y FA%o= 2
EH= A¥%e wedoh o Ay, dA S e MAY AEEE gHe] Al
HRARET] SANE VIEoR HokE ) é—%iﬂr A er TR AT o]
aigol7] woldnt

Fig. 5—24 Scene of rapeseed broadcasting test.
Wb oleld AT HERT) FW FT WAL YRASL Aok
i

o, FRzY HEFS SO AL FW BT WAL G0 Bast A
o olel ¥ @4 PTO 8144 Aold] meh 9F& A gm wF e JFS BY

o

Fig. 5—25 Observation of the blow head behavior using high speed camera.
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Fig. 5—27 The schematic of a usual and new blow head.

Fig. 5—28 Changing of hall shape for metering devices.
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Fig. 5—31 Discharge rate by seeding outlet area.
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Fig. 5—32 Application patterns by forward speeds and seeding rates.
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Fig. 5—33 Coefficient variation values by forward speeds and seeding rates.
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Table 5—6 Specifications of the conventional combine used in the study

Model No. CT—2100A
Length (mm) 6,100
Dimension Width (mm) 2,450
Height (mm) 2,950
Weight (kg) 4,501
Model DAEWOO DB33
Fneine Type 4 cycle, 4 cylinders
& Displacement (cm®) 3,268
Power (kW)/Speed (rpm) 51/3,000
Center distance of crawler (mm) 1,350
Width of crawler (mm) 450
Length of ground contact (mm) 1,770
Transmission Average pressure of ground contact (kPa) 23
Speed change type 2 lever, HST
Travelling speed (m/s) Forward 0~2.8
Reverse 0~2.8
Reaping parts Reaping width (mm) 2,100
. . DiameterxXwidth (mm) 450%1,800
Threshing parts Threshing drum Speed (rpm) 500~1281
Grain tank capacity (L) 1,200
2) A AFHAEA
) FEY A
2 g 2Ag Al AL FAY HF o TA GHE HAase
) ST dAE GAE Ao AN LoD FAF 2AKOR oA
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Table 5—7 Descriptive statistics of growth values for each variety and field.
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(7, 1991).

(5-6)

: Effective field capacity (ha/h), A: Working area (ha), T: Working

C=A/T

Where;

C

time (h)

(5-7)

W: Theoretical working width

C: = WXV/10

Where;

ks

Theoretical field capacity (ha/h)

Ce:

V: Theoretical working speed (km/h)

(m),

(5-8)

7 = C/C:X100

)

: Field efficiency (%

n

‘Where;

LS|
A

| 23 &

]_
A7)} Bae] Fulele ol &

A

h)

&7}
whelo A, o

287

bl ) Hy &

S

E==A
=]

g7 By BHEd

1

S

A Faatgiel Ahs

‘ﬁ_
bl Abg:

ATk wheha, #adel

=13
=

‘gl

o

_X_l
XO
_

il
N

of

o= =1

k3|
=

Fach wEA A

S

dF 4

RN

27k 194 ALE

A71E

=
=

23

2
1=

SRR

S

3} 59

Fig. 5-hd Field test used customary combine,

Fig. 5-h3 Rapesesd olsfruction,

Mo
ol

7K
=0

T

)A
e
Lo

Hr



#

ar
=1

T 29.8 %

[
3,443 kg/h

|

Hol MSFo] Aguth %

[e)

=

kg/he HFom MSe 79 2,038 kg/h

Helom

KN
=

o
5

ol 4
o+ 47.8 % Ao

AR+ 2,962 kg/h

|

o

Dy

Ho] MSZo]

o

=

Shibuya(2006)7F =] A uj

MS¢] A-¢ 6,596 kg/h

o Aol

1

N

. o

Hfrgel Aol

ol

=
fLE

7]
15

3l
1.2

A

0.9

MS

0.6
Working speed, m/s

Stem & Pod
0.3

10000 ™ Grain
2000

14000
= 12000 ¢ Total

15 59 cm® "Wi§- =4 43

/BY ‘elel mo|4

o]
o
=

[e)

o ol =

Stem & Pod

s Total
= Grain

x|

o

Ry

15

A=

L L ]
1.2

0.9

Sunmang
n

Fig. 5—55 Flow rate each variety and working speed.

0.6
Working speed, m/s

03

7000
<6000
25000

& 4000
23000

Z 2000
Y- 1000

9} & Fu}el(ARH380, Kubota, Japan)

0

2) 24

gl
£
™
Hr

Bin

3

uglch %

=
=

low, Ax=H7l 0.07%

ol

7} 99.9%, &

H]

e

=

=

=22 5.66%
27} 18.2% 18]aL

==

o

1o

=
E} 2L
y = 71

=

7} 70.6%

=]

5

F7F 1.0%, AEF7}F 0.65%

AHEY oF

[e)

E)}SL

=
==
o=

H]

dFHEBIF 4.02%,

L
R

=

%

—

P~
B
2 1y

el
ojn
R

B!

—~
fite)

X
o

G
2]

3.73% A e

E£4L 256% SHA YERSTE AR 7E A e oS

o 7
/\] Z}-

o
1

R

=

[e]

=

T 24.2%%F 70.6%2 A

Hi 0.48%ZA] H)
26.6% o] vtol

|

hyx

23}

T

kel
el

1

R

]

=4
T FHzAb o oM AR 1.4% =A UERGT Ao glojA
7]

=
=

&

}
T A HE 7 98.5%,

I~ [e)
EHE AL
[}

4.2%,

x|

FA]

T

pul

Ry

s

.

oo

=

=

)

o 11.7%
&

e F el 9

[c]

]

=
L

g

Shibuya(2006)7} A3k

J| 4 o=

A

]

<

q

HEE

#)3.9)

et
.
L



2 FEEAG

o|
ol

T
Jo

r3
I
Hr
ﬂo

N

,mﬂ
ne

)

g Wdem MY

A MS

)

& 3
&S 5.94%

HEH dFHF7F 28.7%, @571 43.6% 18]aL

3

wglth %

=
=

T 0.08%

3

Ry

o, f@Enrt

A FHFI} 1.57%, 57} 2.64%, AEE7} 1.73%

o

4

1o

=
=

1
J i

ZERN

1o
ok olE Aol A Hd 9,253kgoRA AR Wiky] w

=
=

AEEI} 27.7%

3R

0

=

—_—
o

X
oy

qHELS] 15%5 AA L o] AR va =4 et o]

Aer] o

=

=
=]

o] Agnrh

o

g

o, A -R7E 99% ]

A 2

=

]

20]]

o)

ol
w

w Hi 8.46%=A Bl E=A YEhytth o

%!

7A

7
T
!

pild

)

el

RN
No

2 #BaEAT o

Ao

KN
=

o]
2R

P
T

]

o Ee

o
oy

=)

oy

Nfo

W

)
—_

4
o

T2 Z710 2

Bk
o
Hin

ol
o~

il

0

Nd
™
Hr

™
Hr

gyl
<
K

o
Hi

ol
©

TR

oy

o FHE oFHEL vF

1
JE

1% 5-59

Table 5—8 Correlation coefficient between total loss and the working speed, total flow

rate

: 8)

. Significant level 5%, number of samples

. Significant level 1%, *

(%
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Total loss

0.891"

0.865™

Total flow rate

0.838"

0.865"

‘Working speed
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SUNMANG

Total loss

0.761"

0.379

1

Total flow rate

0.804™

0.379

Working speed

0.804™

0.761"

Working speed

Total flow rate

Total loss
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Table 5—9 The result of effective field capacity in field test

Working area (a) 20 Idle running time (min/10a) 1.55
Yield (kg/10a) 221 Grain outlet time (min/10a) 1.31
Working speed (m/s) 0.76 Working time (min/10a) 15.43
Turning time (min/10a) 0.86 Fuel consumption (L/10a) 3.5
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