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ABSTRACT

Background : Castor (Ricinus communis L.) is an important industrial medicinal and oil crop with
high economic value. Despite its potential, limited research has been conducted on the diversity of
castor germplasm for various industrial uses.

Methods and Results : 189 castor germplasms were characterized according to 13 agronomic
traits and evaluated for oil content. Significant positive correlations were observed between seed
weight and dimensions. Principal component analysis identified six components that explained
71% of the total variation, with seed and leaf sizes contributing the most to diversity. The germ-
plasm lines were grouped into four distinct clusters. K157287, from Cluster IV, had the largest seed
weight and size. (K)908593 from Cluster III had the greatest leaf-related traits but the lowest oil
content. Meanwihile, germplasm IT032145 exhibited the highest oil content. IT101352 had the
earliest flowering time, whereas IT112895 had the latest flowering time.

Conclusions : The results have highlighted the genetic diversity of the castor germplasm, offering
key insights into the development of high leaf yield and oil-rich resources and, providing a founda-
tion for future breeding programs.
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Lee et al., 2017).
Aeits 3 FA2HEL 17
A npole Y8 2AEA FAlo] =
Tt w8 ikl Sale 7180
Aol g3t dHAEA E7]59] LS
o] L= (Lee et al., 2017).
vuirte] it U TS oF 38% - 54%°]H, o=
T2 FAFE vad b 22 Hog @ BEysx
S X3St} (Chen et al., 2016; Cafaro et al., 2023). T
vuiRkoll= B4l (ricin) & 54 EH% (albuminyS ZE3IaL
Qo] 7kl Fol7t P Qs W A=A (ricinoleic acid)©]
oF 85%%5 A5 AE UM U slo|=EA Akt
o] AHoEA LA oR vig Fadal 4EA At (Kim
et al., 2008; Ozcan and Sagiroglu, 2009). FAlEY4HS 27
2He 71 o] AL slo| =548t G4 o3l A=,
N=Es A4S AR Ex ok STE(TAGs) FE= 7w}
24 FAF vl 2 owlol W} xEAo)] HAECH (Sturtevant er
al., 2019).

2022 AlA Fupab AR oF 1857 EolH Q%
(87.3%), BRHIZA (4%), &= (2.6%) E EA (1.3%)°14
F2 AT (FAO, 2022). ©] 5 Axe] Jvix A4t
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Al FRAS Eeste] WEE A Wad 55 0
Watar glom, Z1AIste] A et RS AE EE= 3
3L At} (da Silva César and Batalha, 2010; Salihu et al.,
2014; Dutra et al, 2015; EMBRAPA, 2020). ©l €] 23] o}
S okzel7iet A ofAlote] T e FuiRrt 7
AHoR Fa3 &5 ZEEA A9 ZFAE Ss7]=T
7148} Itk (Anjani, 2012; Alemaw, 2016; Halley et al.,
2021).

FuiRlE 79 2102 Rl A AAIF R LAl Al
HiE]7] ofg] & B0 low, AEEike ol8she 54 At
dell Eslel =8 7KL o] A Foe Algke] FAth
(Falasca et al., 2012; Landoni et al., 2023). SPA|RF 22|
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A= s MalwE T At} (Falasca ef al., 2012; Landoni
et al., 2023).
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1. Mgl M=

2 AT TAFIALAE  (http://genebank.rda.go.kr) 2
B I wiR} (Ricinus communis L.) 189 A& H-oftol 4=
S B AYELS et e AR A1E
A 2] 2021 49 28Y A Tsle] 2021 1€ 297}
2 Aupstdct. A4 AGE 120 cm o]F] 2 & 10 FE %
7+ A7) 60 cm, F7F A 60 cm 2 AL AH]E 102 &
2> 16 kg, Q14F 9 kg, 2] 6 kg& R

Al A7) AT A9 ¥ HF H 7122 79 26.04C
2 712EAL HF FrES 780 146 mZ 7P =)
(Fig. 1).

LS =765 Ak 550 239 2 Wss
YA HMEE Fouke 219 WSS HU|sIon Zh xjgle)
A, AR, A S YERNSITE (Table 1).

U At 165 AR, vekit 3 2R, S| agk 3 A, &
= 2 A, 27128 2 2 5 13 =] F 189 A4
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Fig. 1. Monthly climate trends in Jangheung from May to
October 2021. The line graph highlights a peak temperature
in July at 26.04°C, while the bar chart shows highest rainfall
in July with 14.6 mm. Red line: average temperature (C),
blue bars: average precipitation (mm).
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Table 1. Information of the 189 castor germplasm analyzed in this study.

IL((E) Name Origin” S;;:ﬁ;g IT(K) No. Name Origin Sstsxglzf
32142 287-B unknown unknown 109050  GyeongbukChilgok-1985-9050 KOR Landrace
32143 Entosspensed unknown unknown 109160 JeonbukJinan-1985-9160 KOR Landrace
32145 Baker Hybrid 48 unknown unknown 111087  JeonbukGochang-1985-11087 KOR  Landrace
32153 Baker 296 unknown unknown 111157 JeonamWando-1985-11157 KOR Landrace
32166 Jeonamjangheung-1984-32166 KOR  Llandrace 112796 GyeongbukAndong-1985-12796  KOR Landrace
32167 JeonamJindo-1984-32167 KOR Landrace 112805 GyeongbukAndong-1985-12805 KOR Landrace
32173 GyeongbukGeumneung-1984-32173  KOR  Landrace 112890 GyeonggiHwaseong-1985-12890  KOR  Landrace
32175 GyeongbukAndong-1984-32175 KOR  Landrace 112895 GyeonggiPaju-1985-12895 KOR Landrace
32176 Hyeopcheon KOR  Landrace 112947 JeonbukGimje-1985-12947 KOR Landrace
32181 Incheon-1984-32181 KOR Landrace 112964 JeonbukGimje-1985-12964 KOR Landrace
32182 GyeonggiPaju-1984-32182 KOR  Landrace 112997 JeonbukGimje-1985-12997 KOR  Landrace
32185 TaiwanSpecies unknown unknown 113134  Chungbukjincheon-1985-13134 ~ KOR Landrace
101289 JeonbukOkgu-1985-1289 KOR  Landrace 113194 GyeongbukGeumneung-1985-13194 KOR Landrace
101342 JeonbukOkgu-1985-1342 KOR  Landrace 113196 GyeongbukGeumneung-1985-13196 KOR Landrace
101352 Jejulho-1985-1352 KOR  Landrace 113223 GyeongbukGeumneung-1985-13223 KOR Landrace
101385 Jeonbuklksan-1985-1385 KOR Landrace 113253  JeonbukGochang-1985-13253 KOR Landrace
102590 JeonbukBuan-1985-2590 KOR Llandrace 113277  JeonbukGochang-1985-13277 KOR Landrace
102609 JeonbukOkgu-1985-2609 KOR  Landrace 113302 JeonbukGochang-1985-13302 KOR Landrace
102708 GyeonggiPaju-1985-2708 KOR Llandrace 113312  JeonbukGochang-1985-13312 KOR  Landrace
102713 GyeonggiPocheon-1985-2713 KOR Llandrace 113317  JeonbukGochang-1985-13317 KOR Landrace
102719 GyeonggiPaju-1985-2719 KOR Llandrace 113409  JeonbukGochang-1985-13409 KOR  Landrace
102848  GangwonHoengseong-1985-2848 KOR Landrace 119982 GyeongbukYeongpung-1986-6241 KOR Landrace
102864  GyeonggiHwaseong-1985-2864 KOR  landrace 138078 GyeongbukSeongju-1986-24337  KOR Landrace
102967  GyeonggiHwaseong-1985-2967 KOR  Landrace 138101 unknown KOR Landrace
102984  GangwonHoengseong-1985-2984 KOR Landrace 138110 GyeongbukSeongju-1986-24369  KOR Landrace
102993 CGyeongbukCeumneung-1985-2993  KOR  Landrace 162745  Jeonbukjeongeup-1989-5465 KOR? Landrace
103008 GyeongbukGeumneung-1985-3008 ~ KOR  Landrace 162782 unknown KOR  Landrace
103075 GyeonggiHwaseong-1985-3075 KOR Landrace 162783 unknown KOR  Landrace
103109  GyeongnamMiryang-1985-3109 KOR  Landrace 162812 unknown KOR Landrace
103127 GyeongnamUIju-1985-3127 KOR  Landrace 162815 unknown KOR Landrace
103148 GyeongnamUIju-1985-3148 KOR Landrace 162858  GangwonYangyang-1989-5578 KOR  Landrace
103271  GyeongnamTongyeong-1985-3271 KOR  Landrace 175078 unknown KOR Landrace
103292  GangwonSamcheok-1985-3292 KOR  Landrace 175846 Redcastor KOR Landrace
103303  GangwonSamcheok-1985-3303 KOR  Landrace 178563 ChungnamTaean-1993-203 KOR Landrace
103318  GyeongbukUiseong-1985-3318 KOR  Landrace 180647 GyeongnamGeochang-1993-2287 KOR Landrace
103333 JeonamBoseong-1985-3333 KOR Landrace 180982 GyeongbukGeumneung-1993-2622 KOR Landrace
103349 JeonamBoseong-1985-3349 KOR  Landrace 180983 ChungbukYeongdong-1993-2623  KOR Landrace
103356 JeonamBoseong-1985-3356 KOR Landrace 183759 Hazera 22 ISRY  unknown
103303  GangwonSamcheok-1985-3303 KOR  Landrace 178563 ChungnamTaean-1993-203 KOR  Landrace
103318  GyeongbukUiseong-1985-3318 KOR Landrace 180647 GyeongnamGeochang-1993-2287 KOR Landrace
103333 JeonamBoseong-1985-3333 KOR  Landrace 180982 GyeongbukGeumneung-1993-2622 KOR Landrace
103349 JeonamBoseong-1985-3349 KOR  Landrace 180983 ChungbukYeongdong-1993-2623  KOR Landrace
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Table 1. Continued.

IL(:? Name Origin" SStgrtTl::)I?e f IT(K) No. Name Origin Sst;t;:;g
103356 JeonamBoseong-1985-3356 KOR  Landrace 183759 Hazera 22 ISRY  unknown
103472  GangwonHoengseong-1985-3472 KOR Landrace 185823  Gyeongnamjinhae--1994-3484  KOR Landrace
103556 JeonbukJeonju-1985-3556 KOR Landrace 185824 GyeongnamTongyeong-1994-3485 KOR Landrace

103668  GyeongnamGeochang-1985-3668 KOR  Landrace 185825  GyeongbukSeonsan-1994-3486 ~ KOR Landrace
103676  GyeongnamGeochang-1985-3676 KOR Landrace 185826  JeonbukNamwon-1994-3487 KOR Landrace
103716  GangwonHoengseong-1985-3716 KOR  Landrace 185828 ChungnamYesan-1994-3489 KOR  Landrace

103720 GyeongbukGeumneung-1985-3720  KOR  Landrace 191079 Ground nut THA®  unknown
103832 JeonbukGimje-1985-3832 KOR  Landrace 195066  CyeongbukYecheon-1995-6834  KOR Landrace
103858 JeonbukGochang-1985-3858 KOR Landrace 196834  GyeongnamMiryang-1996-1590  KOR Landrace
104010 JeonbukGochang-1985-4010 KOR  Landrace 196881 No.95119 KOR Landrace
104070  GyeongnamSamcheon-1985-4070 KOR  Landrace 196882 No0.95094 KOR Landrace
104089 GyeongbukGeumneung-1985-4089  KOR  Landrace 196883 No0.95136 KOR Landrace
104178  GyeonggiPyeongtaek-1985-4178 KOR  Landrace 196884 No0.95206 KOR Landrace
104223  GyeonggiPyeongtaek-1985-4223 KOR  Landrace 201754 Treecastor RUSY  unknown

104251  GangwonHongcheon-1985-4251 KOR Landrace 207374 GyeongbukGyeongju-1998-6654  KOR Landrace
104352 GyeongbukUlleung-1985-4352 KOR  Landrace 207383 GyeongbukYeongcheon-1998-6663 KOR Landrace

104573  GangwonPyeongchang-1985-4573 ~ KOR  Landrace 212727 90 KOR Landrace
104622  GangwonHongcheon-1985-4622 KOR  Landrace 212728 10 UZB® unknown
104637  GyeongbukSeongju-1985-4637 KOR  Landrace 212729 11 UZB  unknown
104665  GyeongbukSeongju-1985-4665 KOR  Landrace 308826 CNS 201302 KOR Landrace
104671 GyeongbukSeongju-1985-4671 KOR  Landrace 709812 31 KOR Landrace
104686  GyeongbukDalseong-1985-4686 KOR  Landrace 345371 44 KOR Landrace
104706 GyeongbukGeumneung-1985-4706 ~ KOR  Landrace 711950 28 KOR Landrace
104775 GyeongbukGeumneung-1985-4775  KOR  Landrace 712040 40 KOR Landrace
104784 GyeongbukGeumneung-1985-4784  KOR  Landrace 806354 NPL-NIS-1998-201 unknown unknown
104916 GyeongnamGoseong-1985-4916 KOR Landrace 807311 GyeongnamSancheong-1998-60  KOR Landrace
104940  GyeongnamGoseong-1985-4940 KOR  Landrace 900113 44 KOR Landrace
104947  GyeongnamGoseong-1985-4947 KOR  Landrace 908593 BOL-AWS-1999-434 unknown unknown
104993  GyeongnamGoseong-1985-4993 KOR  Landrace 910210 65 KOR Landrace
105178 GyeongbukMungyeong-1985-5178 ~ KOR  Landrace 345372 JeonamHampyeong KOR  Landrace
105197  GyeongbukCheongdo-1985-5197 KOR  Landrace 345373 13 KOR Landrace
105247 JeonbukOkgu-1985-5247 KOR  Landrace K024656 unknown CHN” Landrace
105314  GangwonChuncheon-1985-5314 KOR  Landrace K127014 101 MMR?  Landrace
105402  GyeongbukYecheon-1985-5402 KOR  Landrace K136626 Arind PAK?  unknown
105414  GyeongbukYecheon-1985-5414 KOR  Landrace K151718 IncheonGanghwa-2008-30 KOR Landrace
105431  GyeongbukYecheon-1985-5431 KOR  Landrace K151723 JejuSeogwipo-2008-511 KOR  Landrace
105491  GyeongbukYecheon-1985-5491 KOR  Landrace K153529 Arand PAK' unknown
105507  GyeongbukSeonsan-1985-5507 KOR  Landrace K153810 RICI 29 PRK'™  unknown
105542 GyeongbukGeumneung-1985-5542  KOR  Landrace K157287 MMR-JAC-2009-23 MMR  unknown
105549 GyeongbukGeumneung-1985-5549 ~ KOR  Landrace K163402 Arand(A small veriety) PAK  unknown
105630  GyeonggiHwaseong-1985-5630 KOR  Landrace K168107 sung 44 MMR  Landrace
105688 JeonbukJangsu-1985-5688 KOR  Landrace K177342 JeonamGokseong-2011-51 KOR  Landrace
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Table 1. Continued.

IL(CE) Name Origin” S;gx;g IT(K) No. Name Origin S;;::;g
105738 Jeonbukjangsu-1985-5738 KOR  Landrace K177459 PER-LHS-2011-15 PER™ unknown
105746 JeonbukJangsu-1985-5746 KOR  Landrace K246095 CBNO047 KOR Landrace
105952 CyeongnamChangnyeong-1985-5952 KOR  Landrace K246097 CBN105 KOR Landrace
108700  GyeongbukYecheon-1985-8700 KOR  Landrace K246103 CNS043 KOR Landrace
108738  GyeongbukYecheon-1985-8738 KOR  Landrace K249426 CAM 1306 KHM™  wild
108782  GyeongbukGyeongsan-1985-8782 KOR  Landrace K249429 CBN 20130919 KOR Landrace
108818  GyeongbukWolseong-1985-8818 KOR  Landrace 345374 CBN 2013092504 KOR Landrace
108841 GyeongbukGeumneung-1985-8841  KOR  Landrace K249447 CN 2013114 CHN Landrace
108884 GangwonPyeongchang-1985-8884 ~ KOR  Landrace K254860 SD 2779 KOR  Landrace
108907 GyeongbukGeumneung-1985-8907  KOR  Landrace K255034 SD 3029 KOR Landrace
108914 GyeongbukGeumneung-1985-8914  KOR  Landrace K262401 1 LAO™  wild
108944 JeonbukMuju-1985-8944 KOR  Landrace K263105 SD 4539 KOR Landrace
108987 JeonamSeungju-1985-8987 KOR  Landrace K265023 CBN 20130714 KOR  Landrace
109028 GyeongbukChilgok-1985-9028 KOR  Landrace K265027 CBN 20130717 KOR Landrace
109031 GyeongbukChilgok-1985-9031 KOR  Landrace 345375 KSL 170250 KOR Landrace
109043 GyeongbukChilgok-1985-9043 KOR  Landrace

o ANE 160 AL, oIF 2 A9, T 18 ALew P4 T 1470e) AR ABEH 3 woz 10 4 F B

=0t

ASSEY A
suite] S 54
A EZAPE

BT (Table 2). IvpAf 3

o
2 5

254

= O

T T 10 A B F F5CE

l-:

Y FUFAY EAEA I

SARLAAE] 7)m}

F3jol 2%
-C%lf‘fi e FA

Table 2. Descriptor of 13 agronomic traits for castor germplasm.

&Y

23] S Hole 3 /HAIE Addste] ARSI

3. TR Bt 24

3.1. 5% 2223 FY|

%% Bekeie] P2 7o) 98 5718 3] AR
7127] (HB-502M, Hanbaek Scientific Technology, Suwon,

gk 5 dAA

ke
T

Korea)ollX 105CE 2 A|7Fll A 4 A7W7kA] 7149

Variable Abbreviation  Unit Description
Days to flowering DTF days Number of days from sowing until 50% of plants initiate flowering
Plant height PLH cm Average length from base to the top of plant
Plant width PLW mm Average length from base to the top of plant
Petiole length PTL cm The length of the stalk that connects the leaf to the stem
Leaf length LEL cm The length from the base to the tip of the leaf
Leaf width LW cm The maximum width of the leaf
Depth of sinus DS cm The depth between the two lobes from the edge of the leaf
Inflorescence length IL cm The length of the flower cluster, from the base to the tip
Number of capsules per infructescence NCI number Total number of capsules in a single infructescence
Pedicel length PDL mm The length of the stem that supports a single flower
1000 seed weight SW1000 g Weight in grams of 1000 random seeds taken from the bulk harvest
Seed length SL mm The average seed length
Seed width SW mm The average seed width
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o]E] (AS ONE, Osaka, Japan)ollx] #y3l the Ao g Zo} 9 E
s FAE A3, oAl 718 742714 el 105CE 30
B2 Axs 3 o) daAlEA st & FAE =95 1. WO [EARI] MSEM U Uikl &k Ho|
Ak 719 FAE dgo] d w7kx] vhE 22438l izt e FejA 595 Fuial FEkel st B
AA A4S 5, deiat e e veR
3.2. TOK} castor oil F= Y 55 189 #F1e] Fmixl frxtde] 13 7)) FHFEA Jskihga

Fuiz} T2 YA S 2 g RETSCHAR] MM 200 mixer d (days to flowering, DTF), 27 (plant height, PLH), 2]
mill (Retsch Technology, Haan, Germany)2 ©]-&3s}y %% EA WY (plant width, PLW), IR Ze] (petiole length,
25 3|7 1.5 B7F ZAEsle] B3 A|E2 ARR3le] phexane  PTL), 9% (leaf length, LEL), B3 (leaf width, LW), 92
(96%, DAEJUNG Co., Seoul, Korea) 40 m{ & 23 30 Z} Zlo] (depth of sinus, DS), Zx}d] Zo] (inflorescence
7F 3 3], 2&u8 &3] A B2 ARSI length, 1IL), 24 3 23} 4= (number of capsules per

FZ%F AJFLNS filer paper (Advantec Grade No. 4A infructescence, NCI), 223173 o] (pedicel length, PDL), 1 H%
Hardened Ashless Filter Paper, TOYO ROSHI KAISHA (1000-seed Weight, SW1000), £A} Z9] (seed Length, SL), &
LTD., Tokyo, Japan)2 I3} & 7}Fs%7] (BUCHI Rotavapor A} UH] (seed width, SW)2} I|ulx3 &F2F (castor oil percentage,
RIL; Biichi Labortechnik, Flawil, Switzerland)S ©]-83te] ¢k CO)e| M+, TFHRL, F915, AL, AL, ZF3E &
As] AAT ok 715 HAAolEel 8 AlZF o) F5S Q13T (Table 3).

5 Auat castor oil FAE A AT Meh= 62 49FE 69 28YU Atoldl] HAew a7 |71A]
A28 7IZF Wit 50 doldth Kim 5 (2009)°] AellA
4. SAX o]l 9FE F£HF Solrade 14 Y - 17 Aoy &

B Aol gt ZE TAATZE R Z23Y (www.  ofllA AR A2 63 A - 68 YR 6¥ T EF
rproject.org, R, ver4.2.0, Vienna, Austriays ©]&3[3t). ¥ M=ot A7k vl glom, B A Jsiiade] oF
izl A BE FEPEE 3 vkEoE Y3 Agh 20  AA FriEoel F Aozt AR st Al7l= 6¥
S 718 BAZCE el on suilg gk 7ke] A 2Feo® vssisinh Su geixt At vge dx 5

A A, FAE 2, 218N E FREth A 2 5 T A7 B A 98 S AkbsitlEis #A e
o] o2l Aol FolgF 5%l AFSA (p < 0.05).  BlE) FEUA] Ale 717ko] oS & S
242 A=l 7ARIN =2kE 298 HeAle] =0l

Table 3. Basic statistical information for quantitative traits of 189 castor germplasm.

Variable Means SD" Median cV? Min Max SE?
DTF (days) 49.51 2.25 50.00 4.52 47.00 59.00 0.16
PLH® (cm) 275.45 40.70 28.00 14.76 161.30 476.70 2.96
PLW® (mm) 26.61 3.78 26.69 14.20 20.41 53.14 0.27
PTL” (cm) 20.10 4.87 19.70 24.23 14.70 74.00 0.35
LEL® (cm) 26.50 4.14 26.40 15.63 19.00 54.60 0.30
LW? (cm) 25.88 4.25 25.30 16.42 17.80 54.00 0.31
DS' (cm) 11.23 2.27 11.50 20.19 7.20 23.00 0.16
IL' (cm) 32.30 6.06 33.80 18.76 17.50 59.20 0.44
NCI'? (number) 26.87 6.56 26.30 24.41 14.30 40.70 0.48
PDL"(mm) 39.60 7.50 40.28 18.95 26.23 60.22 0.55
SW1000' (g) 262.20 60.27 258.30 22.98 115.90 689.80 438
SL'™ (mm) 11.99 1.26 12.13 10.47 8.46 17.14 0.09
SW'® (mm) 7.79 0.75 7.82 9.577 5.86 12.7 0.05
CO" (%) 38.01 7.67 39.99 20.18 19.24 52.49 0.56

SD; standard deviation, ?C.V.; coefficient of variation, SE; standard error, “DTF; days to flowering, PLH; plant height, ®PLW; plant width,
7PTL; petiole length, PLEL; leaf length, “LW; leaf width, '”DS; depth of sinus, "IL; inflorescence length, "”NCI; number of capsules per
infructescence, 'PPDL; pedicel length, "SW1000; 1000 seed weight, "'SL; seed length, '®SW; seed width, ”’CO; castor oil percentage.
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Fig. 2. Heatmap of correlation coefficient between 13 agronomic traits and oil contents of 189 castor germplasm. The heatmap
illustrates the correlation between agronomic traits and oil content, with deeper red shades indicating stronger positive
correlations and deeper purple shades indicating stronger negative correlations. Notably, strong positive correlations were
observed between SW1000 (1000-seed weight) and both SW (seed width) and SL (seed length). Significant at the level of 5%,
0.5%, and 0.1% probability, respectively (p < 0.05, “p < 0.005 and ““'p < 0.001)
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4, 2 24
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3 (Fig. 3 and Table 4).

JLFEE (eigen value)o] 1 ©]2d<] Z 6 ¥ eH,
14 79 A FollA 7.5 e 2eh Eite] 71.14%5 A
H3}AT} (Table 4).
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Fig. 3. Principal component analysis (PCA) of 189 castor germplasm
based on agronomic traits and castor oil content. (A)
The PCA variables plot illustrates the contribution of each
variable within a two-dimensional space. Variables' relative
positions indicate their relationships and the arrows’ length
and color reflect the extent of each variable's contribution
to the principal components. (B) The biplot of principal
component analysis (PCA). The percentage of variance
explained is indicated for both axes (Dim1 explained
29.94% of total variation, while Dim2 explained 14.64%
of the variance).
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Table 4. Principal component analysis (PCA) of 189 castor accessions based on agronomic traits and castor oil content.

Variable PC1 PC2 PC3 PC4 PC5 PC"6
DTF? (days) 0.05136 -0.01026 -0.48066 0.11468 0.22438 -0.49269
PLH? (cm) -0.12028 -0.03146 0.02424 0.08656 -0.50765 -0.67810
PLW* (mm) -0.29499 0.32185 0.00257 0.18498 -0.00887 -0.14618
PTL” (cm) -0.29033 0.39031 0.07069 0.03444 0.11915 -0.01980
LEL® (cm) -0.27572 0.31592 0.25353 -0.13662 -0.05329 -0.00810
LW” (cm) -0.31970 0.22353 0.21256 0.12450 0.07606 -0.03677
DS? (cm) -0.24245 0.22466 -0.04320 0.25283 0.34501 0.11074
IL” (cm) -0.13946 0.26909 -0.45646 -0.12435 -0.44185 0.09447
NCI'” (number) -0.05456 0.01624 -0.55114 0.48470 -0.05213 0.32605
PDL'"(mm) -0.06700 0.22766 -0.28312 -0.68999 -0.10353 0.18028
SW1000'? (g) -0.43001 -0.35528 -0.02161 -0.03053 -0.06580 0.06186
SL™ (mm) -0.39148 -0.42227 -0.04096 -0.08257 -0.00729 0.06169
SW'™ (mm) -0.44754 -0.33496 -0.03452 -0.040571 -0.01293 0.06516
CO™ (%) 0.09593 0.03871 0.23759 0.33166 -0.58035 0.31998
Standard deviation 1.86840 1.43140 1.10620 1.04837 1.03501 1.01286
Proportion of Variance 0.24940 0.14640 0.08740 0.07851 0.07652 0.07328
Cumulative Proportion 0.24940 0.39570 0.48310 0.56163 0.63815 0.71142

YPC; Principal Component, ?DTF; days to flowering, ?PLH; plant height, “PLW; plant width, *’PTL; petiole length, LEL; leaf length, ”LW; leaf
width, ¥DS; deFth of sinus, ?IL; inflorescence length, ""NCI; number of capsules per infructescence, ""PDL; pedicel length, "?SW1000; 1000
seed weight, '¥SL; seed length, ¥SW; seed width, "'CO; castor oil percentage.

AR S 0] ofe Mol o5 L Wo| Hh=
om (Fig. 3), EA0 ZREANN Fa)E
=183] 27t vhe A

€ AlEst FelHAAR, SRR Rt aEEEA] 8 =

AR Hob e HTR= JE Abgle] 54 wise] Al 9% Aot AA Boke W vE AEs

& e AR AZEY (Fig 3). A& AT 5 AT (Fig. 4).
djepal fazkle] SR Mol mhe A B A

32

A3 1% (unknown) AR e 54 Srte] AHE o & BEl 4
= sk
3

Individuals - PCA

= Cluster
3 of
< a2
£ [n]s
a __/AN. 4
5-
10 5 5
Dim1 (24.9%)
Fig. 4. Principal component analysis (PCA) individuals plot. Plot divided into four groups (Cluster I, II, 1ll, IV) based on clusters

created by 13 agricultural traits and oil content.
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Table 5. Cluster analysis of 189 castor accessions based on agronomic traits and castor oil content.

] Clusters”
Trait
1(n =183) 2(n=4) 3in=1) 4n=1)
DTF? (days) 49.38 56.25 49 48
PLH? (cm) 273.3 352.42 323 313
PLW?* (mm) 26.45 22.87 53.14 44.08
PTLY (cm) 19.78 20.3 74 23.7
LEL® (cm) 26.36 23.45 54.6 35
LW (cm) 25.64 23.2 54 52.3
DS? (cm) 11.19 9.9 23 11.5
1LY (cm) 32.08 34.75 59.2 35.7
NCI'” (number) 26.81 26.675 32.7 32.7
PDL""(mm) 39.5 40.075 60.22 34.39
SW1000' (g) 258.69 297.425 336.3 689.8
SL' (mm) 11.94 12.81 12.44 17.14
SW' (mm) 7.75 8.175 9.3 12.7
CO™ (%) 38.09 37.79 19.24 4215

UClusters; the result of k-means clustering algorithm and complete linkage using Eudlidean distance metric, ?DTF; days to flowering, ?PLH; plant
height, PLW; plant width, *PTL; petiole length, LEL; leaf length, ”LW; leaf width, ¥DS; depth of sinus, ?IL; inflorescence length, '“NCI;
number of capsules per infructescence, ""PDL; pedicel length, "’SW1000; 1000 seed weight, '?SL; seed length, '¥SW; seed width, *'CO; castor
oil percentage.

Complete Linkage Cluster

20~

=)

1

0-
Fig. 5. Cluster analysis of 189 castor germplasm using euclidean distance. The cluster classified by complete linkage using Euclidean
distance metric between pairs of points based on scaled scores of traits. Cluster | comprised the majority of accessions, while

Clusters 11, 1ll, and IV contained smaller subsets of accessions with distinct agronomic and oil content characteristics. Green:
Cluster I, Orange: Cluster Il, Blue: Cluster lll, Red: Cluster IV.

Euclidean distance
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Table 6. Selected castor germplasm with minimum and maximum values of agronomic traits.

. Minimum Maximum
Variable - — - —
Accessions Origin Accessions Origin
DTF? (days) IT101352, etc. KOR, etc. IT112895 KOR"
PLH® (cm) K246103 KOR (K)910210 KOR
PLW® (mm) IT345372 KOR (K)908593 unknown
PTL” (cm) IT104784 KOR (K)908593 unknown
LEL? (cm) IT103127 KOR (K)908593 unknown
LW? (cm) IT103303 KOR (K)908593 unknown
DS' (cm) IT113134, IT185823 KOR (K)908593 unknown
IL" (cm) IT108987 KOR (K)908593 unknown
NCI'? (number) IT105197 KOR IT109050 KOR
PDL"*(mm) IT105314 KOR (K)908593 unknown
SW1000' (g) K249426 KHM? K157287 MMR?
SL™ (mm) IT102609 KOR K157287 MMR
SW' (mm) IT102609 KOR K157287 MMR
CO" (%) (K)908593 unknown IT32145 unknown

VKOR; accession origin of Korea, 2

'KHM.; accession orlgm of cambodia, ?MMR; accession origin of myanmar,

YDTF; days to flowering, *PLH;

plant helght 9PLW; plant width, 7PTL; petlole length, OLEL; leaf Iength SLW: leaf width, 1°DS; depth of sinus, '"IL; inflorescence length, "”NCI;
number of capsules perlnfructescence 19PDL; pedicel Iength SW1000; 1000 seed Welght 1DSL seed Iength 16SW seed width, 17CO castor

oil percentage.
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