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The 2™ Green Revolution

Kazutsuka Sanmiya

Department of Bioresources Engineering

Summary

Food acquisition by us Homo sapiens began with prehistoric hunter-gatherer. The food at that time must
have been far from modern satiety. There are some major milestones in the history of food acquisition since then.
Agricultural inventions, climate disasters, crop pathogens, democracy, market economy, industrial revolution, war,
all have had a tremendous impact on our food. We have been short of food many times in history and have
overcome it each time. The "Green Revolution" in 1960s was one of the greatest technological innovations ever.
We are still able to acquire food this way. But now, the benefits of the Green Revolution are gradually
diminishing, with today's world hungry population exceeding 800 million. We are facing new risks of our time:
population growth, agricultural soil destruction and global warming. We need the "Green Revolution" again. As
the attempt, molecular breeding by genetic recombination is being promoted immediately. However, it is
calculated that this method will not be in time for population growth at all. I decided to address this issue with a
new fertilizer that supplies silicate to the crops.

Key words: Food shortage problem, Agriculture, Green Revolution, Molecular breeding, Silicate
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FIFERELBER T EOEN, FEDDHE, ROL 2D GEIIFA 2012 98K 2015 25 ),

fiisE © HAVRE., XG5E (83K 1972) L LIS, [HREERH Db TRMEICKLER () 2BE
RILDSIY) DT ETHD (FA2012,p.54), HARFETIIEICKE (&) ZfEoTHRS
ns,

EARRES « EAMEMFED 5 b, Midh - UGS - BRGEZ bR TREERH ST @Mk (NHYFr
o (kv BE, &) 2<bL<{7T5] REFEOBEMNEMEDOZ L THD (AL, p.54),

BUERE + Wh 28K EMFE CTH D,

RIS« (EFELWRFEN B2 25) CRMEO TOMNRE) (R, 5. BIK. Bi, Hm) 2556
DIEERZR XD/ THD (AL, p.56),

BRI FE « Wh W BB S THEETH D AR TN FEO —FE, BOREIE 2 ET),
Pefoist - [HEELHEE, DOV EXLESR S THD ] (FE, ps57) EARTITIMNIGED —

FiL BEESET),
WNTFE WD BB S b DT ETH D G TIRIEEO R, BEFARET).

THE (2018) Tidk, TEREBMGENYHSIMEE BB SEE WO BRI G| §h - #5E - #Fr2 XRI L T
WBH LRz, 20O L, HERGEMICHS Lz [FELERE &, MR ECHEEEIC L > TosEL
7=bD% [5E¥ (wordclass) | EFEATWS (p.71), EERFEMICIX, £AdE - #IKG - @5 - TBA
g - B D 5 D& T TN D, ZOMOFERIC, BIE - Hkean - MK L2220 T\ 5, faRa, Sef
Fi. PC RBEREIX. HEOFEMHEICE =N D68 (function class) 72 & 95,

INHEEE X T, RIS, AR (2012) OEFEER IR, HERED S & LD DN T
FLOTHDL, 2L, AENEL, FERLF TH L4 - e - A - BlESAKTHEEICESZ D
TCRERT 2, IR MEEOFEM 72047 - SERICB L TS HOMETH 5,

2. MHRFEDOILDOES & SFIZOWT (HF)

MREE D LD Sy & S DWW TR Z 1T > TH D, LanL, SENTHBIDZ < &R
(2017) IZLIE- 77, METE TV RWVWESbH Y . VML nbTh D, L E
THEBRDOMFEIZDRT TV 2O DFR TH D, o, BIROFLIRZH AT, BMIEOEE . K

S AR (2012) TiE, MEMRRSY « BUERSY « KBRS « BRI « #efehlisy « MAZEGY ) &) K9 TER) Tzl
Mhksy ) kb‘oﬁﬁ G L TCWD oI, Znbd, BRSO THLNETHY | XOFEERRT EE - i
e AR L IXBIT D720 TH D, L75>L FR DY | AT, ZO LD RKHNFATOT, [5E IHt— L TRtk &
179,
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Facix, MEfizE & THEHE ozl 21805, M., OOV TDOERITFA
(2012) OFAZERESIHT 5,

2.1. EHFE
DRFER S OO T RIED <NERE> (7. BE. &) 2 bLLTIBRHBZIXDEZTH
5, BEREATICRBT 5, BE T£85) TEnX5iz) TEARIT] TEDLI BV Tl
2] W b BREDFEMIXIGT 5, EFRIICRDFLIIBEFETHS ] FAK 2012, pp,54-
55),

2.1.1. BIFE D TEHfFE]
BIFNCIXEEE A b 72 < . EEREEITEMEIC NS Z L TH D,

2111 BRF (BRFE TE5) TED XS IT) axhs) ©
1) keeim-i. joonnaa ?ik-i=joo.
J% %-YNQ po< Y 47<-IMPI=SFP
D205, »o WATIF &, | (HZ, 306-307)
2) sikam-an gutu  saaranai  ?ir-ee simut-ee-ru-munnu.
#B<NEG XD Ioxk & 9 -CND #%¥s-RES-ADN-FN. 7
B BHATE & EEx T Lo bD%E, | (ZF, 978)

WD X D 7B 7 lim 2 R HBIE. HOFEOREREMRE LI TV D 2D, ZOEEIR. R
TR ULEE RS 2 R TEMGEIC E 2N > TV D,

3) ?attani® kurazoorit-oon.

el

1 i < 72 % -PROG
AU o CWD, | (BFRIZTIZVa—Y =)
4) humicee tatta cuuku=ru na-ibii-kutu, joozin si-misoor-i=joo.

K TOP  7ZA72A 58<=FOC 72%-POL-CSL s 4% -HON-IMP1=SFP
MBI LEWVISEELS 220 £3 005, AL LaSnER, | (GE#E, 2016/725)

0 FIFIZIL, filllZ mattooba (£ 57 <), zibattu (E-o LV, FaeLIZTEERAS7ZSF), hukubukuutu (5< &
7). matteen(gwaa) (FAIL, £DHFED L), jahwatteen(gwaa) (FH7H< ), zattu(gwaa)(ni) (- &, fHEID) .
kasiikasii (X & &), Puttaati (X &, #EIZ) . cirinaatarinaa/cirinaataranaa (F15 L7290 BV 2<% o720),
hwicciribiceiri (BIAVBIALIZ) 7R ERDH D,

U Datta-[IPEBHEF CTH D, MOFECHRERIZONT TR, WERY | Lo BRAEMITMA 5, FlZiE, 2atta-bui (IZ
). Patta-uduruci (RUICELS Z L, o< D) L,

17
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2.1.1.2. BE (8RB TEARIZ] ITxtn) 12
FRJE 2 R EMEEIL. OREMRTE, QiR OO 3 2Ich T b,

2.1.1.2.1. BERH EECRBEORELZHLITS)
5) macija=nu ?uiagi=nu ?ucikud-i ?ippee kumat-oon.
PEI5=GEN 76 b=NOM  #%bHiA{e-SEQ &T%  [H%-PROG

MEEDEY EFBREBIAAT, ETCHLR->TW5, | (==,25)

6) zikoo ?awari s-oo-ibiin.
EThH & 9 %-PROG-POL
TETHLEHLTWET, | (5 26)

7) ?anindee ?iinee  ?2usumasa wazir-ac-i  ?Puturumun nai-ta-ru hazi.
ZAREIZ E9-CND  FI2K #%-CAUS-SEQ #4A L\ i 72%-PST2-ADN INFR
[Z) Bl bEE RO THVWENWE LTWEEA5, | (BiEkiL, 216)

8) cuu=ja kawati sikaraasan.
4 H=TOP 7b->T FLW
(4 BIEsBNTE L, | (8 316)

9) cinkwaa=ndi  ?i-see waka-inagu-nucaa=ja 2ansukaa sic-abir-an=doo=tai.
MNEH 2=QT = 9-NLZ.TOP #5-1x-PL=TOP HFE Y .TOP #F=-POL-NEG=SFP.ASSRT=POL.F
NEBLR o TE2D, HVEEBLIIZUI LT E CeRNTT X, | (B 18)

2.1.1.2.2. R (BECREBEORENS—F XV RRDZ LEMMT D)

10) naada=naa naada=naa s-i Pagimaa  s-ank-ee. juku=n nikka nai-sa.
F£7/=YNQ2 £7=YNQ2 T 5%-SEQ A%\ CT%HF FT5-NEGIMP2 & - L=FOC iE<  725-SFPCLM GBI 7 F¥~—R L -
[E7ENEENEEoTRELTRWVWTE, bodk (REHD) B Db X, | T HF =] 2009/10/25, p. 15)

11) hwizai=jaa. niziri=ncoon  kan-aan-munnu, hwizai=ja juku=n kan-aan.
JE=IP F=T&x i 5 -NEG-CSL #£=TOP H o L=FOC 5 -NEG
[fEhy, FATEZHBDRNDIL, Eidbo L REHD) Hbewn, | (ZJF, 694)

2.1.1.2.3. BRIBHEGR (FROKRBOBRDPOBELZFH LT 5, BEEMHELXITHZ LHTHE)
12) cuuzuutu jaacuu jacu-ru kangee jan=di=nu kutu ja-ibiin.

i< BR BE<-ADN 5% COP=QT=GEN % COP-POL

R BRETZHEXBEZLDOHETT, | (=2,136)

12 ffiz % sakkoo, sitataka, Pumicittu 3% B N EN 2 RBL EFEORO TDHIRRH D (RICH Dusumasa % 5 228 L
N7y, £, HOWEBIC dundw/duttu (FEFIZ) | siguku (772<) 7N H D, F7z. jumu-sikaraasan (FEFTITHE L
V) @ jumu/jun-X° soo-icigatanasan (FEH IZHEIE I EY) D soo-. kee-wasiriin (DOVVEALD) D kee-, cii-wasiin (D5
L%) O cii-, saa-hagoosan (#{5\)) @ saa-, suru-hazikasan (Z (X3 2>L\>) O suru-, sara-miimun (E -7 HL
H ) @ sara-, maa-mattengwaa (A% &) O maa-, ?uc-cikajun (FEVVER7=F) DQ-O X H I EEEAREC X D RRE DT
MZBBH DR, FEENZEWRICEVIAENTOT, BERE LTIXOHF THEE L2V, FFECERORFAELE X LN
B0, HEELIIRB L CGHEALERH S (FHA 2012, pp.78-79)

BER, LM KEE S H#HIK BVDE,
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2.1.13. B (&RF [0 b <o) T b ITxbii)

FREE L BITEHTH D, T TETDIOOPBREOERTHWONLILEbLH D, Fo, RIZE
T B HIOMIZ, Ruciuciitu (#E< ), Pumujoo(gwaa) (1ZA D% BIEAIFIZ), bicceen(gwaa) (1A D
L), bamnai (FAEA) REVRHD,

13) ccu=nu mandoo-ibii-ru-munnu kuree nagee mat-an=dareena-ibiran=doo.

A=NOM %\ -POL-ADN-CSL ZHTOP < #%>-NEG=OBLG-POL=SFP.ASSRT
TABZNTT D, ZHIUTELSFRRiTiide A K, 1 (A, 116)

14) naada jud-ee-uran. Picutaa mat-i.
72 F21e-SEQ.TOP-\ 22\ D LR #5o-IMP1

[EEFATRY, Lo LFFC, | (AP, 18)
15) dateen  huubi ?utabimiseen=ri.
&AL BE BEN.HON=QT
T SAEEZLTESDH-T, | (EF,982)
16) zinoo  jukai cikat-a-ra=jaa.}*
4. TOP tHY {5 -PST-DUB=YNQ3
FBAITHYH 727255 2] (&, 1092-1094)
17) naahin benkjoo s-oot-eer-ee sikenoo ?utir-ant-a-ru hazi ja-siga.
H oL il 3 %-PROG-PST3-CND  #BR.TOP ¥ %-NEG-PST-ADN  INFR COP-ADVRS
B50L (bod) ML TWELRBIIE LR -7725 908, 1 R, 2015/6/3)

2.1.14. HE
oM, BIFNITIRFE TR INDIFROZILDERERTHLONRH D,
18) kurikaa=nkai miikuni cukur-att-a-ru  subajaa
Z Di=DAT #HLL  {EDH-PASS-PST-ADN (IR
rzoinizgi L cx/z (itfEbni) iR (A, 114-115)

Fo, WICH LD R ZRTREFL, BE5 nain (782) SHAEDLE-T, OEFLEV TR
L7200 L LTHLY 3L,

19) teerjuuzo=kara=ndi ?ii-nee,  sipuutu nat-oon=tee.

b=
O

1% P=ABL=QT E97-CND P&t 72 5-PROG=SFP

MERFTNHIZL, UolxVitiholiZh Rz, | GElEN T 122 2010/7125, p. 13)
20) naada=naa naada=naa s-i ?agimaas-ank-ee.  juku=n nikka nai-sa.

F7Z=YNQ2 F7X=YNQ2 ¥ %-SEQ & X137 T%-NEG-IMP2 —J8=FOC &< 72 %-CLM

[EENEENLEE-TRAEIITRWVWTE, SNBSS X, | ABI38 LFL)

Y jukai (FA) IFZEICBICHOWTE I, BUWILEL T, BEZRTHALHL L7, EBREMELH DD, F
Bl LTHBETELHiENE L H D (jukaijan EE X208 9 DY),
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2.1.1.6. BIFEDOWANS

gk (1972) 1. BlF L ENTVLHED I B, WO D] Zffo THEREICR-72D, =
BT 2o THREEICRD bONHAEICH Y . T b OHFED dhaa OF3E B U CTidagam o AR s
HHELTWND (pp.d62-463),

HHEREICIBW T H, BN TIERW, 2 —EDE L EY & LTOHLEE KT uhwooku (£< -
o< & A) Rvhwi (D L) OFA, kuuteen(gwaa) (1ZA DA L) ?inteen (L), muru (&FF) 72 &I
AR OWTHIERIC /-T2 0 . TOE O TEMFRIC /-T2 | WFEICR 720 LT, dhid OFf
ENLERN SN EZATHY, Y, ROTHNDHZ EITTE RV, EITEMFEE L THEE
Ll LY HAT. ARENIZREIFOE TRl L Tk <,

Puhwooku (%, ?uhwooku=nu ccu-nucaa [72< SADATZEL] DL DT, =nu 2> THEEIZ /24,
ZOFEFEORTEMEIZHRND, 72720, BEEIZRD T LITTERY, LMo T, H BRI
DETE LR H 5,

21) cuu=ja depaatoo ccu=nu ?2uhwooku ?icc-oon=jaa.

4 H=TOP F8—=KTOP AN =L Eh A %-PROG=SFP.SYNT
(5 BIXT = MIADREZLL SAASTWDERZ, | (&, 1-6-2)

D L) OFFRICHUEGEC LD B FRIENS, TOMEL 2N m—2 g VB 508, Effih
L COXDEEIXED L2, BAEBENR SV TR L7720 | F5/hEE-gwaa 23OV T HEAD~] L
STEBEWROWEMTINZ 57210 TH D, 2ihwijasa. (D L7EK) DX HICREEIZ/2 720 | 2ihwisjaka
wakaran. (D L L0672 O L9 TG Z > TEMFEICR>72 0 T 5,
22) ciburu=nu ?ihwi-gwaa  jamu-ssaa.
JH=NOM 4 L-DIM J§1+=SFP.MON
B Lo /2 v, | (BB L, 86)
23) A:caaga ?uhwee tuidukuru=nu ?a-ra=jaa.
W< B b L.TOP LY 45=NOM & %-DUB=SFP.SYNT
WS BPD LI 33d 272521, |
B: Puhwi dukuru jam-i. muru  tuidukuru ja-sa.
DL D) COP-YNQ 210 B9 5y COP-SFP.CLM
DLEZB0 ! &I S E, | (ZJE, 982)
24) duku maku nai-kutu, ?ihwee banmikasa-wa=rujaru.
HEVIC WHE  7DH-CSL A LTOP  1FA L% %-CND=OBLG
[HEVITHARLELS, 2LIEIH LD TRLRNE, | (FF NI hRV))
25) ?ihwinaa k-uu=joo.

HL 3k % -IMP=SFP
MeFicid it Lid) ke svy, | (5K 10, 255-256)

B R EENE, IS DRUEE) =W 2 R 72D ARE TIERLE L2V AS, BTk~ 7 9 IR 22l i & ARAEAY 7oAl
i & FFORFRIER O FET 2. MEORE Lo 7 L IIBIOBE TRRB 21T 9.
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kuuteen(gwaa) (IZA DV L) X, -na ZFE-> T, HEEIZ/2I S (kuuteen-na 2ukka [>T )7 fE)
THEE, 346) 7o ARG E L THBETE LR DS, 7o, ABIOLIIZEDFE LD T, &
%\ kuuteen=ssi simun (5 1 o & TWWY) D X 9 IZBhdi=ssi & £-> CTEMGEICH N5,

26) kuuteen  kwir-i.
v < %-IMP
U<, | (HEF, 346)

muru (&) 132 O £ O TEMEIC /2D, £T2, A2 7 jan EMAED S > THRFEIZ AL (6 :
kussa=saani muru jan [ Z AU CAH7 1), Bifi=saani % £ > TIEMFEIZ/2 5 (] : muru=saani cassa natoo-ga

(BT BE?)), 51T, murulx B - Fo72< ) LW I ERTIX, BURGEIZ S,
27) cuu=nu kutu muru wasir-a.
4 H=GEN H BN D-INT

5 HoREERENEL Y, | G, 2017/1/23)

mata (£72) 1%, BREIC/R-72 0 BEECHGEIC R o720 LT, SHEREME 2 FF ok 7o mIlE
T b, 12720, e P42 55 VWA 9 5 mata 1%, B BIZEMKTH S,

28) naa, ?isi  ?itt-oo-kutu. mata ?Puree siimee zoozi-jat-een=tee.
FIL 7 AN B-PROG-CSL  E72  3SG.TOP Y .TOP FETF--72-RES.INFR=SFP
(D5, A ANLTWDEMNG, ELEETWVDREVITEFE ARSI, | B, T2 LTI (5, 345)
29) kungutooru ii  hanasee mata=too  neeran hazi=jaa.
OB RS Ry FRTOP F72=COM.TOP 72\ .ADN INFR=SFP
[ZOXDRBVWERITEL LI RVEAS S nbh, | [EMR, TRy 1 (Z/E, 848)
30) cuu wakarit-i ?ik-ee, mata ?ici=ga ?ica-ra'® wakari=nu sakazicii.
A H Mi5H-SEQ 17<-CND F/=  W>=FOC £ 9-DUB BM=GEN &
5 ABATITIHE, EWVWoOR 57255 0hnnk, | UEM, THU] (L, 908)
31) ?unzoo mata nuunci ?unu hweesa ?uk-imisooc-a-ga.
2SG.HON.TOP 7= 7p¥ o BRX iid % %-HON-PST-WHQ
EFITELEI LTIARICRSBERE =002 Bk (2557405 4)] (55, 13)

jukai (FRY) 1IHUEREIC/R D & &, BARGED Y7 /O O X 5iZ-na b-nu bAEETH D ( [if
MREEEFAL] | p.287) . jukaijan &\ IREEIZAR B % RO T 72wy, jukai I EICEEZRTEMED
WITHUEGBIC2 D08, TIOEMIBEL TREZZITHLZ H D L5720, BFEIZE VTSN
TWNLDE L7y,

2.1.2. &FD [EHFE]
LFANMERREIC D Z b H DN, WARZ (N - D) A TR, BERE - BEAZF L, BlF

1 @hFivicajun (£9) D-ra BV (~75A 9 D) 1L, Ricajura 72RO FE Bl L7,

21



16 2022
Bulletin of National Institute of Technology, Okinawa College, No 16 (2022)

BEZTEOEFEMBEI LD Z L b IR, hoOFELHE L MAGDE > T, Effifh
bbb b,
B 2T RIE, AR TN BEE R TR TH 5,
32) cukeen ?nzas-ee=karaa hikkumir-an-sa.
— ] i 9-CND=ABL.TOP 51 -3iA % %-NEG-SFP.CLM

[—EIH L7 6 IRRE b2V K, | (L, 46)
33) ?Pumukazi=nu bun=jaa.

M#=GEN 47=SFP
NEADGE LD (brobF) . 1 (74 4,31)

AR BT —AbH D,
34) nama sigu  ‘?nzit-i ?ik-ee.
A < i %-SEQ 7 < -IMP1
M54 T ) G4, 2015/11/30)

2.1.3. BAEED MEHFE]

TERFDMERRGEZ /2 DIRFIL, B —TE& 5 Cld-san 2> H-ku (H D\ E-siku) ¥, & JE%&F Cld-jan 2>
5-ni DFEBEENE Z %,
35) kuci  magiku ?akij-aani

F K< BT %-SEQ
lhZXx BTy (AP, 65-66)

36) dekisi=ndi ?i-see soozikini  kaki-wa=ru=jaa.
JiE s =QT = 9-NLZ.TOP IEEIZ £ < -CND=FOC=SFP

MRESE &) DOIFIEEICE N2V da, | (5%, 352)

22U, BIRAT TR, ZOEEOR TEMGEIC/RD bOX, BMiFEHIRLRWEDBFET D
(F4%2ZM) , AL LTHETITE, BUEFRIIRND Z &L, WEEICAND ZLNEETDH
5 (BR, EEEOMERICIT ), BEBERE, Lo WERFA B H L, iEEIC
2T, BHERRIZ LW R (=1EE) &5, IROEXAITH A OWNWTE L
DTHIN, BENRNETH D,

17 cuusan (J8VY) & cuuku (58 < ). wakasan (V) & wakaku (35< ). sikaraasan (f{ LVY) & sikaraasiku (B L <) 72
,
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K4 MEFEOE AR RS
TnN—"7 1 2 3 4 5 6 7 8 9 10
HiZE | sizika |tasika |teesici |makutu |rippa |ganzuu |tassja |gwanku deezi | hasittu
sooziki muri raku | masi hakuzoo
BERE z00zi
T2\ cirii(n)
4| -na |O o |0 |O O |O o |0 O |x 21
| 4an |O o |0 |O O |0 O |0 O |0
Tlran[x  [x _|x |0 Jo o [x_ [x2® [|x |O
" | nain O 219 | X 219 O |0 219 |0 o o
& i O O O O |28 O X X | x
fiff
E:ﬁ X X X X X 19 X X 219 QD | x 919
& | ¢
BUEREIZ/2 D & & nu 20D 8 A GEL IIHgR) 20 OB CEMEIC NS,

37) [RAMHBACHR LIATE EHAN? &0 ) nicxt LT
?an  ja-ibii-sa=jaa. marukeeti ?ic-abiim-i.
%9  COP-POL-CLM=SFP.SYNT A L&ViZ  47<-POL-YNQ
29 TdR, ALSDITITEETA, | (3, 101)

38) marukeetinaa=ja jum-an-i.
i % =TOP A=ADD
[T FWFARBTERVD!

sumuci=n
#t1e-NEG-YNQ
(AFH,78)

2.14. HiE D MERGFE]
Z O, BE S BEM T, E2i3A) 0B TEARE
-igacii, -agacii (L7203 5) &% &5,
39) toohu=nu kasizuusii
TE=GEN MM i C5-SEQ &5 H-SEQ

(TR OMAY MR AR T Thv& Z AT (), 1020-1022)
40) ?unccu-taa=ja hurac-oot-i,

(Z72%, EITERT - BREEZ R, FBRITTIEE (4

-aani) .

Pawatit-i  ?ucikwaj-ai

mii=ja nint-i=ru mensee-ee sabiran-i.

= A-PL=TOP H=TOP  B!J %-PROG-SEQ #$%-SEQ=FOC % .HON-DTidH 1 £ A-YNQ
[COANZBIZAEBATTNT ET0Ho L2 Leh ) TEAN? ) (FE,37)

41) kuci  magiku ?akij-aani, nuudii=nu ?uku misit-i  kwi-misee-bir-i.
F K& PRI} %5-SEQ  ME=GEN %
MMERESHIT BORERETFE, |

R4 %-SEQ BEN-HON-POL-IMP1
(A1, 65-66)

BT, DEEZHRELEZHLDOTH D, mari (F4U) : mari-ni (FIUIZ), mariq-nakutu (F7pZ &) (EE 363),
(iﬂt) k R 5D EFA, hujuu (JEFS) : hujuu-naccu (JERS72 A) . hujuusun (IERSS2) (W&, 217),
Vo) LUoik, UIREMHER - RKAETHD72D, bbb X2 X, WA TIEIRAEN, STRCRHER - Rilld

ThHHD, DL IR LI,

D fEfifipgioy & UTRE (& TH - EH

mari jan

(2) Z2RTOE, WERH LWHIETH S (#2005, p.17),
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42) jaa  ?nzir-ee=kara tamasee kanagit-i=du ?accu-ru.
% H4%-CND=ABL Kt TOP 5l &8 5-SEQ=FOC #3< -ADN

(FHEHEOEREFIERED THERET DAL (it HATEZ) o ) (71 4,42)
43) cinkwaa koo-igacii sibui  nc-oo-ibiit-an.

i JIC  9-SIM EJIN .%-PROG-POL-PST

MMAEBEWRNOANZ R TWE L, | (5, 18)

-gutu o7z [~F25,/ LAanE e (~35) | bEMiEEE LTEIWTWD, & & D 2 6ITiE-
gutu & > 72 EffFE AR S 9 —DDERGFEToH H kumeekiti (GEL <) Ccimuisiti (KzFHT) %
SEFH - R LTV D,

44) guburii=nu neeran-gutu  s-an=dee naran=doo.

TIL=GEN RV -k 51T 4% -NEG=OBLG=SFP.ASSRT

[RALOIEN K S I LR HIERSRWE 1 | (ZJF, 546)
45) nuu=nu ?at-a-ga. wakai-ru-gutu  kumeekit-i cik-ac-i turas-ee.

fil=NOM & %-PST-WHQ H3%-ADN-L 512§l 3 %-SEQ R < -CAUS-SEQ BEN-IMP2

AR -T=00y 0D L5, FELL BT TN, | GEEEIZ A—% =2 2010/12/12, p. 13)
46) ?2uduruci=n s-an-gutu cimu_isit-i?! juu cik-i=joo=jaa.

& x=ADD T 5-NEG-L 52 AT P2 5-SEQ X< ML -IMP=SFP=SFP.SYNT
NN T, KO TEISBESARLL, | (71 4,67)

&5/ TR, Bl 4 8hE sun (32) BNOEFEFED E LT, BREEIZR-720, EfiFEIZ /2o 7=
0. HEBIZ/Ro720, RWFEICR-720 35, ZZTIHEMBICRAIBEEEZZET S,
« 25+ ssi

47) curasugai ss-i ?Yama=kai=du ja-ee s-an-i.
Bloh +%-SEQ &% Z=ALL=FOC COP-INETOP 7 %-NEG-YNQ
BLenLThEZIZUoRWA? ) (Fi, 33)

48) wannee ?akaciciuki ss-i c-00-ibii-siga.
ISG.TOP Hjfgx 4 5-SEQ 3K %-PROG-POL-ADVRS
MR E L TRTWET ... (EE, 48)

49) naa=ja koogaaki ss-i ?nzit-i  cuu-ta-ee s-an-i.
2SG.HON=TOP kv 3 %-SEQ H1%5-SEQ 3K%-PST2-INETOP 9 %-NEG-YNQ

(727 13JERE Y L CTHIORZ CoZand, | (2JE, 964)
50) too, Pansee ?iibinuci ss-i misit-i  kwi-misoor-ee.

INTJ]  CNJ 871 9 5-SEQ MLt %-SEQ BEN-HON-IMP2
(29, ZRULebETELTRETTFE W, | (i, 40)
51) tii hucukuruu _ s-oot-i, juntaku  s-imisooc-i.

F PIZAILDEE  95-PROG-SEQ KL%~V F 5-HON-SEQ
(TR Yy BICANT, BL2RY L7aX-T, | (5, 38-39)

21 kukuru uticikiti (lit..0¥& BT T) ICE X #ZATRE (5% 2005, p.67),
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BN R DS 72hvo 7203, Mussassi (BEAT) ~95] X lrakussi CELT) ~7F

BNBEZADLNDIES D,

52) takaturubai ss-i Peezi ss-i=n hwizi=n s-an.

F—ol

+%-SEQ &KX §5-SEQ=ADD EFH=ADD 7 5-NEG

NME—o &L LTMATHIEEDL LRV, | (FFEIZH by iSg))

Bl nain (72 5) b, &l /TR Blil+nain AOE £ EF Y & LT, REEITR-720, (EAHFE
7otz RMEEICRST20 RNGEICR 7205, 22 TIHEMaEICRD

(B

FeRBT5, Exk

FTAFN nat-i (72> C) DEABEDEDHE, £D NRRE - KRBT LW 9 BT (4G +nati) A0 & F
& E D TEAMEE L LTHEET D,

53) haaee nat-i

nz-i k-uu=wa.

BAF R 72%-SEQ 4T7<-SEQ k%-IMP=SFP
BRI R TIT-> TRV ) (5, 1)

2.2. REFE

[XXHDEFNRRTDIRDTTHD, [EAR] R TED) [FED| o] TEZo) Tvwom) 72
EDRRFNCKIET 5, BERDITIZ, EMHET 2D L, REW - BREIHET S
DHRD D, EHRHE L REN - BRORBE L 1L, HECHERT 256 b bE, R0
haFEabdH bl (KA 2012, p.55),

22.1. BEFO [BER (EEEHEEL LFHIND)
el [ & A (SIS 2 (GEMiRY7R) BUEMZIZe 2 PIIEA TH 5, AWM T, &b
LW DA TEMEEC 2 5,

54) nasarii-ru daki jassa-ru sina ?aganeet-i c-aani

T&5-ADN 7217 Z&UW-ADN i £9°-SEQ % -SEQ
[CEDLETROMERLTET.. (==,119)

55) Kkibun=nu

wassa-ru  ccu=nu nuuga Kkunu tamunoo nuu ja-ga.

K 45r=NOM

U -ADN A=NOM  fa2)» Zo  #HTOP fif  COP-WHQ

KA DENABIRATEZOHIL, £5 Liz?] (), 594)

F7o, HEEEV OEFR L LT, FBETAD-sa DFERLAFORNZOWTHEAEE1ED,
56) mazi tihazimi=ni maasa maasu ?nzas-a=na.
£ FHAH=DAT  EBKRLW Hi94-HORT=SFP
[FTFHDICERLWVEZHZ S (ZLTC, EMRNLTIEES R LD EWIEE) , | (Kt 33,86)
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HIERRIZ e D & & saru TR, st IZRDE RGN B H2,
57) kundu=n mata kamarasii kutoo Par-an=ga  ?a-ra=jaa.
AEE=ADD ¥7- I L\ Z&.TOP  COP-NEG=FOC & %-DUB=SFP
[GELELORI LN ETIERNWEA SR, | (Z)F, 546)

TR, HEREICR S EE, mak kD,
58) gwanku-na mun ja-kutu Dbjooin=kai=ja ?ik-an=di=du ?i-miseen=dee.
T 72 * COP-CSL  #ikE=ALL=TOP 17 < -NEG=QT=FOC = 5 -HON=SFP.NASS
(HEE 2 N2 5, BRI T nEBo Le AT L, | (EE2,1342)

neetukeetu (EJ %) . cikunaamukunaa (L < H %) | marukeeti (Fix . 7=F12) . bici (Bl) .
huntoo (A) 72 E1E. nu ZEWIERBICR 2720, B=RFAS L THETE 2 aEEMNH 53,

59) sima=nu neetukeetu-nu utu mut-ee ?an s-ee  sinroo=ja s-ant-i=n simut-a-ru-munnu.
B=GEN  F¥E79-0 X  FO-CND %5 §2-SEQ J5=TOP ¥ %-NEG-SEQ=ADD #7¢-PST-ADN-FN.{5AH
BOETETOREFETUL, 2L TLH LRI THEN-7DIT, | (EJE, 568)

60) cikunaamukunaa-nu cin cic-i=ru ?icun=naa. huuzee neen-siga.

L Ho-0 =W # %-SEQ=FOC 17<=YNQ2 Fokt 72U -ADVRS.NASS

(LB BRDEMEETUT D2 Hro kb (8, 2015/6/25)

61) macaahii marukeeti-nu  naahwakembuci ja-gutu ?amakuma misit-i  k-uu=hii=naa.
(M) i 2 -0 Bt BT COP-CSL  HbIh 4 %-SEQ 3k %-INT=SFP=POL
=Fx¥ =&k, EEONFEEMENOHL ZHRETRETR, | (Z)E2,1482)

2.2.2. Bl D THREE]
FEAAEEM R BERE ISR D 2 E b B D, icic-oo-ru Riju (EETWHA) DL ICHEHMT, HDHW
IFRD X IO THRIEEIZ D,

62) ?ikusa sicu-ru ccu=nu u-ibiim-i.
W 4 4 <-ADN  A=NOM  \»%-POL-YNQ
MM & I NSOVET A | (JElE, 47-48)

2.2.3. £FO THEFE

EEfEE &) T (o) TEZo) Tnwod | TG L, RER « 8ER « BRI HEEIC
AR (20 20 THo| Ok 5 ieie R i L 4% Ch 5. &ZE. Bzi=nu & 5\ T
ga Zffo THIEH L 2D (FTA - FTBOMERRICH 25813 ga ZH 5B LHL0),

22 kamarasan - kamarasii (5 LV >) . hukasan - hukasii (7). mizirasan - mizirasii (2 L)), hwirumasan - hwirumasii
(FREFE72) . matasan - matasii (58272) 72 &,

B ARFBOEZIFEFADPBERTICRD X O] OFERD L O, WHFETH TO) 2T 5 nu OFEEZ IS
K% B RGN TE %)7159 i, mattaci (Fo< V). ?ucc1kacc1 (ik/u&ﬂli@\ BoohnhoD),
tadeema (§ <, g‘%@)\ Juhudu (ﬁf&) RENBDL, O OFEIXTFEOCMIBICIZ AT, BIERERTZ e, 272
L. B OFEICIEEE B REHEITIERNLN B D0, bici DXL | *%ﬁirﬁé’ﬁo%@%%éf:&)ﬁﬁ%ﬁﬁ‘éo
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63) ?ama=nu  toohu kamii-nee
b Z=GEN  HJE H~%-CND
(X ZOTEER~-6.) (5, 33)

64) ?ittaa=gaa Pari=ga kunzoo=ja wakar-an.
2PL=NOM.TOP 3SG=GEN 1E4:=TOP DN %-NEG
TBRITZHITIEHVODRME (DES) [Tbhrbawn, | (i, 17)

65) ccu=nu hanasi cik-i=joo.

A=NOM  &f il < -IMP1=SFP.IND
TANOFEHNT &, 1 (FEHD)

66) nama=nu joosi=kara s-iinee
4=NOM FE-=ABL 3 %-CND
(S OkTNbT 5 L) (&2, 1-7-2-5)

Blifil=kara ¥ > T2 HHERE S —fHld > 7,
67) nama=kara nizuugunimmee kunu takoojama=uti
“=ABL T FAER o (M4)=L0C
(50006 TR, Zo%xuT...) (EE 778)

&/ TR Bl +sun (T2) NOEFELEFEY E LT, BREEIZZR-720, EBfiFEIC/R-720,
EREICIR o720 RGBS/ -T2 035, ZZCIREEBICRIEEEZEHT S, HEEIC/R D, sun
1% suru 12, soon (LTVW5%) IEsooru 229 5,

- £ +sun
68) saki=nu jasiui su-ru macija=tu=nu ?uisuubuu ss-i ?ika-n=dareenaran-ai

H=GEN %72V 3+ 5%-ADNJE=COM=GEN 789 & 4 %-SEQ 17 < -NEG=OBLG-SEQ
NEOLTEY 5 BIE & OIRFEFESE LTI snl] (==, 118)
69) mirukujugahuu=nu ?unigee su-ru miruku ja-siga,
E44=GEN I 3 %-ADN 95#)  COP-ADVRS
[BFEOBEWET L7203 R, 123)
« FEZSF +sun

70) waa=ga kanasa _ s-00-ru hanazimi-gwaa=nu ?usa-gwaa ja-ibiin.
1SG=NOM  F[E\\\\  F5-PROG-ADN  (H14:)-DIM=GEN (A%)-DIM  COP-POL
BB AZER > COR{EREDO Y Y7 v —TF, | (ZJF, 560)

71) kunzan=utee ?2untasa  s-att-00-Tu ?anu  tusui=nu

[EgE=LOC.TOP Hbhd 4 %-PASS-PROG-ADN HD FFF=NOM
EHETIIEDLNL TS HOESRY Y (EJE, 804-806)
* BIF+sun

72) cinihiizii=ja mattooba  s-0o-tu tcu=nu cuu=ja...

H EE=TOP Fo9< 4 5-PROG-ADN A=NOM 4 H=TOP
THEEIZE >3 <RARS HiL...] (EHI O THEFA)

27



16 2022
Bulletin of National Institute of Technology, Okinawa College, No 16 (2022)

2.24. BIF D TFHREE]
dQuhwooku (%< « 72< & A) Rkuuteen (IFADA L) 1E, =nuC-na 1> T, HEEBIZRNLD,
A (1972) L IO EEIFERET S0, BlOMFE T HNIMRFTEET H EBRXTWD (p.463),

3. 3NnZic

ZZET, BN (RE) ZEELRADL G, BRSOEE CLOESY) O E AR+ TiEdH 508,
B ChTe, IE<ELS TEH D2, WHBEEO MG D 5 B4 - BhF - B4 - Bl L. LoD
2 LIEHFE « MEREICOWTEB TE 22 Lid, Zhd b OFEREEIEIC & > THEY T OFE
BB L 7257259,

FEORERZEDESE., e OFBEICEA LTI, MMREFIC R > TRV IEs &N H D, 45 - )
B - AR - BRI LWV ol BRI, AAGE, WHEEm S ICRO O METHY . £ TE
iz ° THUERE] X EDOSFEICHLIBO LN XOMAETH 5720, AEIOSH TIE H AZED Kk A
EEDOFEEGHTICHNWTHZ LI ZRWEAS, L, ZTOMOELHZR&FICE L CiX, HAGE
DL DEEENSELZLFHLVGELHLDOT, AROGTTIIZOREERELRN L,
IINTZRe T TnE 72,

Gl Vg =TS
FrR B (2018) TERERGED & 0 72 CTRHL) TFHE LM [HAE L HRAOSFHEO L V- THRIAL <5
LB HiAR.

& (2005) (96 <H7 4=V 73— 4] W5 A L 24t

THE i (2014) [BURAAGEL— R - TV R « TAXZ Ml O LERE.

SRS WR) (1983) [HAGESCHE - @ifam (EEHR) ] T EEHE.

ST ERERFFEAT(RR) (1963) [iPaBaERFIL] M FR .

IR IEE (2017) [EREKGEVEE B SOEX Y T 1 @ AR - EAT - BMOEX Y 7 4 2 iicl bi
EROR N SCHE 2B e B e

iR EAE (2019) TTAF+9 2] HisdBOFE—E B - IhE75 E 2 hlia—) St
v #— A B FER R AT E R, 2019 42 5 A 25 H, BREKKT: 50 JEFERL &,

IR B (2021) THHHBEED STOESY & G W T—E R - BB ZFIc LT (BE) —) 7
S FEIT TRt o 2 — A BINFE R R SBATE R, 2021 4R 6 A 5 H, 47 A Bl

THE ERAL (2015) TLREEAESE [BURAAGEL— R - 702 - T A7 bl FFF) [AAGESCOE]
15(2). 0> LEE.

T PRAT (2018) TREBRERE HREFRIBE T E] < A LISHIIR.

[H
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gk FEw (1972) [HAGESCE - BhEw] ©EERE.

I &R (2015) TEHHET SOOI 5 L1t E ) [HREKTSWF9E] 4, 88-102. BRER KLY
HERE S R SR ER T S R .

A ZRoL (2005) ThEhE & Xy TRERe & SCEOFBE « Ll - STIRBFFE OG0 B (REE S LR
FERMIFZE 7 1 Y = 7 R E)] 123, 121, THERFR G SUEREF 28R

=R W (1958) [REL Z I3tk BB HARE.

Fr b =3 (2010) Lo 137 UEEN—LE2 DT 52 L OER] TESY - R e
B 75(7), 6-15. X 1 950,

FE =7 (2019) [EFEOEELEO L ETHAREDO L AE E b2 5] BT U7 ULk « BiEkK
SR ACEL] 5.

FIAR BTRES (2010) TSCOE4Sy & dt ) TESCF: - R & EE T 75(7), 102-111. & X 58,

FA BREE (2012) [HAFEOSGAR EZORA) 0> UERE.

FIAR BRER (2015) THARGED fG% D <> Tl THARFEE] 15Q2). HARGESHETS.
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HE

FOMFERENEIE, B L DL DM SR, RAGHAE & BACAEAED D722 2 THRAEREME L | £
HAERAE 2 N 2 72 =R N SN T D, (EO XA FTBEERICEVREY . —RICFE XA 7D
R Ok TlE, FFa2EL R (RAREREME), £ooBiTEns (o) (25
HKTELTWD, O XD MR MRELCTH 2 AR, AAE . 2R3 2 o T
KEZZDLNTND, Fr— /LR Z—17 ¢ N2 D 1862 4D L 0n the two forms, or dimorphic condition,
in the species of Primula, and on their remarkable sexual relations | LA 160 45 D H, £ < ORFFEHE I Z D HLS:
AIFFEL TE T2, ARBRMEROMENRZ KRS T D,

AR TIR, TR OWTHEAN R AL, ST I E THRATRASATE
RARFEAEPEIZ BT 2907 — < IZ DWW T L GRAT L7z, S HIC, BARDTERMEY 255 L Lo R
BRI DO SLRIZ DWW TV AT T 4 v 7« L E 2 — %470, JRSFREOFRUT L 2210t
FEIR Z ok LTz, Bef2IC A ARDIERMEY & x5 & Uz BAEREIC BT 2R 0 8 e T —~ 272 5 &
B2 DD RATEREE O THEIGIE TS & MR & TELAAIE ] 122V T A% OIFFERE A Rt Lz,

FEALIC IR 23 2 B IE B AR ClE, iR B £ TORBENRH | — D> OMYREISHIEIZ L - TR
725150 L AR E A TWDHI G & Y | BHEARRCIETERE O MU Ll %, 41 bk % 22580
BENEZZ 6N,

F—U— N BARGEREME, TRUERME, AEREE. BARSIE . NVERGER . BRERSIE

1

)

FRACFENE & 13 O PERBL (MERENE) O—2 T, [ CHEOWMHEEDTERBIC R E 1213 =A% F
TR DEFEEME T %, ERRFOSE TIIHALRBRIZN, ZOFHEEZM > TV D NIHEME LR
CEIFEA LW E Ly, BERMEREIEICET 201783, ZhETEOMEE 2T L, Ak
FRMECAEMFFEOSFICEE R B LA TS, EELIOHRITH T SN~ AL LT, ZOR
RIEREE 2 P & LA E L T& e, AT, 1) TR L VWO BR L ZORME
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L, B LIBFZEAS LD L S ICRBI L, RES < ONBHIBW THEAROMOWTRHT 5. 2)
W T AARIZI T 2 BAERNEDOWIFED & D X 5 i 2 At RIATON TELONE VAT YT
v s LEa—ZB L TRNT 5, 3) &2 A RDIRIEY 2 FI -5 1% OWFFED A REMEIZ DUV T
FRIZ EAEREVEDMER: & BEE & W D BLE ORRIT T 2,

2 BAEAEME LI

2.1 BEFHEMOKRFEH TEEEME)

FREFEME (T m A Z A U — ; Heterostyly) 1%, #& MR 5L 5 AR AR AES DRI R D —
HThd, ZOURREDFHRTHDL DL, £TOMEIE, TNENOEOHFIHEE (F) LS (R
) O ERFOMMIETHDIZH 0D LT, BRI K > THIRE AT RO K I HEMAYIC#7
LTI SRR DA TOWENFHETDHZETHD (K1), FEAELITA AL, BAGEHEN
XA TN (B ORSICZHNRH L EEERL TN,

4 N A

B (FonR) —t

HE (XY R) —t—s

S L S M L
\_ J J
T RITEAEE = RITEAEME
Distyly Tristyly

1. ZHRUEREME (Distyly, 2) & =AUEHNME (Tristyly, £7) OIEDAIK,

ROVZAIEA VROFEIEE | S AWEITIEA > _ORERT, ZBRIEHMEI A v~y S B, FAEHAFE (Short-styled flower)
EAVROEWLE BIEHAE (Long-styled flower) @ 2 FHDIEN B SILD, ZTNEND X A 7L, BIEIZIRE ST
BY, =0T — 00)&4’70)#0)%«7&0 1%,

SR G, S T EICRE S, S, LA, MB, PR (Middle-styled flower) #34%.

TRIERNE DS S . AT N A TR B RWEAEHAE (L2, long-styled flower, pin) % ->iF % fE{K
ERTANA TR LD HEWEAIEAETE (S short-styled flower, thrum) % ) 2 A DEIRAII 72 D
20D ATRRALND (M1, K2), ZNHDDDX A TOE, —MRANAEEN OZH) Tk
FELBRWEEATIENE (self-incompatibility) #Ff>, X 5I2£< DA, RUZA FREEOETIE, 7=
ERBRDMEDIER LT LIz LT %@%%1@5 Z LB TERWREREARFIAYE (intramorphic
incompatibility) zfftFr>, DE V| f*;’%ﬁ"é?i ZIZRR D Z A T OREIKFE LT T 5 0ERH Y

(A=K, legitimate-pollination) . & M7= if%%ﬁf£65’470)?€@1‘£3§ LT b EmE (B
s . pollinator) 03?7”7%779(’(&)6 AL REFTRDOZ A T TOMM N ERRIE, %
B EWM ~DIER O ENE & BHACBR L. 2R OBEIZ T Tnd &b Exb6nd (X 3),

Z DFEACFENEIT, RO 1%REFAET D L HEE STV 5 (Renner 2014)
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Legitimate union.
Complete fertility.

AL ‘;“.'"" ilaaiaas. f. 000 i e
\ Ytttz L- 7{%4-- - -(-ﬂ Q:\_
sl 2 Ilegitimate / v legitimate
- . i unios

union. : n.
Incomplete | i Incomplete
fertility. | i fertility.

Iy J
A N > X
Legitimate union.
Complete fertility.

4 o

’ Short-styled
Long-styled form. Short-styled form. 1"’}5{,’3'“’ ofmrx.n.y

PRIMULA VERIS,

2. =04 N&DBH 277V oR DAY v (Primula veris) (2R 6105 “RAEFEMEDK,
EOWHEM figurel (£) & A e AT _OMERE figure 2 (F) % Darwin  (1877) X ¥ #xilil,

WO G ENEMFEIE (L% ; Long-styled flower, A 303 E < HEANEVMLEIC, 4 X3 EL #BMERVIEICH D) |

BB EAERAE (S 7Y Short-styled flower, A >3V < FHFAMEVMLEIZ, T NEIREVREWVIEIZSH D),

[Al CAEDIERCIR U & A T O OIEn Tids T (Mlegitimate) . B2 % % A4 7 OO T 20N H 5 (Legitimate)
B84 TDATREF BB RALERRICH D Z LD,

G 09— ()
— —) — 1 (X R)

— BHRoOzs — 755
LAY it

3. THERNED LA (RAEFEAE) & SH (BIAEAEAE) DOfEZ i T-shE R B & 1B O & TR D
ME SN DB (% 2021 Z2dZ),

LD (AVA) XA R_D0H HRVMLE (BHROAROKEN) (CME L, SEOEW A U_OREICEIT 6 b, SAOFER
F Vo POINTA T _ROH LEVALE (RBROAROMRIL) 1[TE L, LEOEWAOFEIETohD, ZofERRon
O OAFTE DT ZARGERME DO F TR e A _OE S OMMMEBROER TH L LRSI TVWDHR, LT LHRTO
THRIFEARERE T UL E DT T AR,

LG CHEART ¥ — N H—7 4 T, ZORBEFEMEIC R G D IEOZRN RITBIHERLE
{5 A ARHE T DY) OIS L DFER TH D L[R2 E TFRIUTB & OWFFEANEDOHF T T b OFEY D
HEEDOBERE R A LU BICKE R 2R A2 722 S 13icid e o7 LFE LT 5 (Darwin 1958),
= 4 ORI, FEWIZFEE L THMAEPRBERZMIC L VEFZEY | BIHL TW1DHEERA bR
TWz, Lo, ¥—7 ¢ 33 ZE [The effect of cross and self fertilization in the vegetable kingdom (&4
D=, Darwin 1876) ] O T, TEARBIE L ERICESE | BEZMIT X DT DO MR,
Z< OB MEZ B ML TND Z EZm L, £MWITtkc R GETEZFHsI L, R CHED
TEOM THRMIIER 2 EIEE D TREBILSIETND EEZ T, ¥ —T 1 ITR4E [The different
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forms of flowers on plants of the same species ([FIFEIZ R
55 BAGE) Darwin  (1877) | LW I ARZEHA L,
D 4 530 3 & BAIAEMEOTINIESL L TV 5,
HAEAEMEO B O FLIX, Z oW L 5 haE&
BEWD B =17 ¢ DB Z BN T DR R
STV Z B,

FRTEAEMEI IR, BRI L7z ZATER M E oAl |
L0 Tixd 2 D RACHAE & BRI e fE %
MZ T3 524 7% 5 =RGEHER MBI TS (K1
. X4),

TIVE TEAIEM L, Y7 T Y UF - I UF I
Bzt e LT, &fitfins 288 199 JE Tabh nat (&
T 7% (Barrett et al. 2000, Naiki 2012) . B FEREME: “
T2 &b 23 mIFMNL I L7 EE X BT
% (Lloyd & Webb 1992, Barrett 2019), = 5 Lj-figpe ~ Lthrum salicaria) \ZJL &M% “RAEFFEO M.

Darwin (1877) figure 10 X ¥ #i5#k,
IRBFEL AT KOS, IO R TMSLICHR Y R LA —mpperbo L (BAERAE, 18, M (hERTE, FEY . SH (8
L7z 2 &id, BAGERMOBEINE e Bt aoR L EREE TB), “HHEREREL FEE, [\ CIEOIEROR U2 A 7 OOt

R M CIERE T (Illegitimate) . #/e 2 # A T DI % Krd D0
TWaEEZLND, EndH 5 (Legitimate)

Mid-
styled

K4, X—0 4 NlEDI AR I VAT

2.2 HFRICRT D BB FE DS ~BEAEAEMEFZEN 2T Hm BV~
FRCAEPEIC BT 5 AERRY: - (LAY TFRRIL, FEMICT ¥ — X - ¥—0 0 OB O
(Darwin 1862 ftt) I TNz, Jgak @ [The different forms of flowers on plants of the same species] (Darwin 1877)
IZkoTlhig ozl &d, ZOFTH—T 1 1T 14 F 38 BICRBEAMEZ R L TWD, Z DK,
% < DWFFEE D3R4 725088 CRRARIZE L2/, BIETIX 28 B b BAERM M STV D, £0D
BIIH = 1 ORAIDFERDKIEFIT > TV D3, 1877 FFEDBEPE T Z 20T O JERFIZ A ER M &
BOTNWZEWNIDIFEETH D, (., ZAGEHMEL WIHBR O A AKIL 1700 R EBE X b T

W% (Gilmartin 2015) )

X—0 4 OEFEEND 145 Tk -T2 BIE (2022 ) £ TITHZ < OBFFEE 2 BAERMEICESE L T
B2ONIWNEELL O EIT> TE T, EOERTH) - HEALEWTFHIIED T —~< 2 KAl 5 & DL
TOTOELEDLIENTED,

QLD &5 2RI BTSN L o 5002
QFNENOHEREORBFEAREIZILE O L 5 IRl o 2 D> 2

@LD LS IBIEHIA I = X L TR R 2 b — LS T0D D2
@RAFEAFEIL L O L5 I LIzDD?
ORAEAFMEITIZE D X 9 2GR BN R & D D2
ORBFCHMIIEIA TED X I ICHEFF STV D D02

OEBFCFEEIZIE D L) RERIZL Y, DX R THET D12
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QOIZ oW T, R ORE % 725 8RR BV TR ERE S il T b, B2 Em & LT, 2
DT =y /L7 A Y 72 EOIRMIAET T 2 HAZ FLIIAT O TV T BIBAEAHNE DA FEDS |
AR THE B 2 D BV OBIARTE 2 X RICT DR B A TE TV L Z ENET oD, Z 2 TITOOIC
OWTFELL LD Z & 2T, @~@®IZ W T HEICH RO FEOITIRZ N5,

@ HAACFEME DO BARHIFEREIZ OV CUE, BEERRA7RE T A T Lin, BEMERNED X 5 206 72 B
VAT LERBTHOICIE, RIRTHATROBE, A _XOBE, {EHOBELZ RS 5 3 >OER
FRMBEL A LHESINT, Lb, 26D 3 OB FITAWICHEE L., bbb —2oD& a1
DEIIRDEE > TOWRITIUTR RV, ZOBLEFET MIA—/"—=V—FT NV EETI, £<D
BRI 72 ARREDM T D, FEBRICE < OBAGEHPEICET 2R A IEF I ) E<SHPATE 52 LB bA -
T&7 (Lewis & Jones 1992), L2vL, ZOEMEDOFENWET ANELITHES N T EICHE 1D S
T, ZOBEBFOEREBIFA LIRS TDIXIT IO ETH D, 2016 F, 7 F7 VRS I IV Y
& (Primula) 1ZH8) 285 FOFEMAOWITH LT Y | —DORE2HiH 2272 (Lietal. 2016,
Kappel etal. 2017), 2 7 ¥ U J& O BARFEHM: O BARFUT BRI E STV o B IS & 135272
5 (3 « ¥4 2— 1 (hemizygote)) TILdH>722, Bl FREOFEERIRIRD VT THIS LTV
HLOLELIEH LW, 7 Z Vv yEoMIicy ., ¥ 7 F Y 3 & (Fagophyrum) , 7~ &7 <& (Linum)
A VOBt A X T )& (Turnera) . X AT AAFRRT A T A AJ& (Eichhornia) ., AT HFF LT ¥ %
J& (Lithospermum) 25 CHBERAIREEDPIRZIZH LN E 72> TE TS (Kappel etal. 2017),

@HEAIEFEIE DR IL, AW FEHICE > T, D THEEZRBLFHTH T2, ¥—U 1 00 [
e B AR (most complex mating system) | & K ATZBEMEZR L AT A, F—T 4 LV OERMNS
P TH 7 < &b EEEL MALITH iy gt k) LTEeedn) ZEnESN TN, 202
ElE. BAGEREME L W ) BUEZRE DS EICEICE NS T AR L WS Z L AR LTS, LavL, TR
EDO LT L TETZDONEH LN T 5 2 LIIREERFREE 572, LorL, @Tilk~7z X 5 IC#ER
T O PR IZHL NI R > TETEBY ., E5ICO TR BRIV O @IS ERIC OV T O
NETe = & T, LD BRAICHD MR D ZL12A 5, DT IR DT RN’ D Z L
LT ESNDT20, SHOMIEEDRBENHRE SN,

@BATEFENEDHIEHIEFRIC OV T, X =T 4 UBRINCER L7 X 212, AT EZ )%
TEHET D 72D DI &V ) RUTITRRM ORI 72, L, Ao e A XD ERFRA, BEhon
MDRIRDLENNZHOE T HE NI EZL, LT LOETONEHETYTTE LD TIE RN L3
Mo TS,

@ BATEFENE DB MBI DHEFFIC OV CIE, @OMIGHIEFR EBE L, EERIC XD X 5 k)i
L0, COBREOIHOBEND D DONEEZH LN L, BAERMED &0 X 5 2B HERF ST
DD, EOEREMRIAT DI TH D, T DREFEMIZEIE L 7AFIEIEZ < e,

DEAACFEME DO HELHI AL, R O3 3ERE CTHEITE Z > Tk 0 | AiBLR R B TR OS]
HZ L AbND, ZOTDHIROMEM M ELE LT b B AT WL AEM O T —~Th D
Ebnxb, ZOHRT, OOBMTED Y-V IZT 5 Z LA e T LW BEATEREMEO (L (Barrett
2013) ICPHT 2R & ITRBINTH D, FTo NBRIEE TRANEHMEORENELHZ b H Y, fD
A, HDWVITEBHZEEOR S, S OIITHEAROREOREEE X 5 ETHFICHEETH S,
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Z O X O ICEARCREEIC BT AF5EE, ERRONO@F T, AT TES G R BIER e ET S
TWLT—~Thd, ZNDDHEOBNEDIRNKEZ2BHIL, D THEEZRRZE Y AT ADBEE O
R THD B LN L TWD Z & BERAEFEMEDHREE & W\ 9 T THiz 2t b 3 R O kR % 72 53 $8RE T
BEIZAE T TWAZ &, EMF L OWAERBRNZ 5 LEE(LOERTH D Z & MHZRICREET S
Wi CTh D L%, AREOEIAY T EOBERELE L EREICEEL Tl Y, oRRoOMELY %
KELTHTHLIEZBND,

Z DEORZIC MR O BATEREMEIC BT 20502 £ & o 72 miER 72 STk - R A FRIT L CEs <, 1987
DE—1 4 CEELRE, K 90 FEDORCR & kL2 OFERYICHEE L U ¥ & 7z Ganders (1979) (X, 2 D43EF
T b5 S 2 R 22 STk D —2 & e 5 T2 (5] TR 890 [1152022 4 2 AR R) . = D 13 444,
Barret (1992) #FfE|(Z & %5 E4E Evolution and function of heterostyly] 1%, % D% OWFFEFREIZD
WTC DS Z /R LT, ZOEFLEOPTY Lloyd & Webb  (1992) 12 & 2 BAGEAEM: OHEALIZEE S 5 i
3% OWFFRIC R X 7208 % 5. 2 7=, Barrett & Shore  (2008) (%, HFFR 4 & B BT/ o T 7= BAE
FEME DB IOV TH LTV D, JmIFDO L E 2 —& LTIE, Weller (2009) 784 —7 ¢ LI
O BARFEAEMEIZ BT D FRD R Z 2 — 7 ¢ o H3EH L T2 RS & BT T TR L T %, Naiki

(2012) 1352 & BAGEAEMEO REEORE S F 2T —~ & LTWDH b oo, itz 5 BAGE
PEDRIERI MR LTELEOTNDLWN) BERTHHEELR LM TH D, Kappel etal.  (2017) (%,
Y77V U RERD BN E 2  br— T 5 BB FOMIEICET 2 Z O R TORFTOMRE
FLHTWD, Barret (2019) %, A E CTORBGEFEMEIZEE T D5 OMER 2 g L7z T, TEANE
FEMED S, BAEFEME OB, 258 - =8y - PEE, EERRREE, EEME) O 5 DA IFEE &
LTI BT, TRATERMEIL G > L b RSB IN TV OIEOZRTH L0, 5% < ORMHRD
FENE STV D] L L T\ 5,

2000 “FLARE D 20 4FRCEZE /22 L LT, ODNA BLFIDOFENT % 3= & 2% 50 1Rt 0 Fas: Ot R
IZEY ., DA XY ERNDE, EORMT, EOLITELTZONEHLMNITE DXk oT
L, OBEBETIEROBITVEATZLIZEY ., 7T v IRy I Ao Te A==V — 2 DERP R~
BT EBIZZ O LEMFRORRE—EHOET WEMLUIMI G IEDN -T2 2 ERZBIT b5,
S BITEERMEE W Ol B 1%, @FGEF I 351 2 BAEERMEREOMIZE, R KSR~ T ¥
T OREPEHIERIC F T D ERE A kTG & LTSGR OB BEE Th D

2.3 BARIZBITHTERMY G L Ul RETERMERF R OF A

HATH, V3 (Fagopyrum esculentum, Buckwheat % 7 Ft) D3 bEM) 2 x5 & U 7= BATERMED
BB TIZBEIT 9872 & BIEFRIZI T TV 528 (Matsui and Yasui 2020 55) . & 2 CIXLERNEY) & x5
& LTaGEITHE o TRRIT L2V, HARDTEAEY & 81T U 7o BAREREME OAFFEIE 1990 A0 5 D
BEoIZL DY T Yy ORREREEICE S 2 — @O AN bRl STV D (Washitani et al.
1996 %), F£7- Z O TOMIELFIZ DN TIL, BAWOHWE (2006) 147 7V U D5y TiEis/tlk
2 CRRKRFHES) I LLEEDHATNS,

& 5 M2 31T 5 BRITERMEREY) 2 3 ERE O AR DT 7> DS T 2556 B AR DTN % %1 5
ETDHZEIERERFIRNINDHD LB BND,
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F—I2, BARIIHEYHEORENIEFIHEA IR TH 5, HAEMDRRI IO CHEMICTHE S TR
0 ESTEFERFERGEC, —EOERECIEETE D oo TV DA, FEARM 2RO FL#I 52 mIZ U
VN, B ARPERE O\ TIE [Flora of Japan) Gakth) <o THAOE AR ) CF L) TIRIERERE S,
D CREMIZR LR RN R SN D, HEOMERBUCONT Y, BRETITRVNEL OFtRA e S, TEEA
FT22LbTE5, F 02, HALCEWEINL, IREEORS A6, BRI TEORY £ TELIZE
7o, RATEDORARZ L & U7 BARGERE IR & | B EORBIAR & b & U 7 BAERMER) O W 7
DROEND, BT, BAZHK T ETOREEN 5] THHEWVWHI ZETHDH, HAIZ 6000 LLE
DR A NPBRY | ENENOREIIMO TEETH 5,

ZOXEIBRFIRDOH D ARDERNMD 2 MBI LT, ZNETED L) RN TON TE =D
F LD LITE, ABROMEOAREESHIAEEZ RT ETHERTHAH, T TROETIEAEARD
TESRNEMIC B D BAEREMERFFEIC DWW T, Y AT ~T 4 v/ « LEa—%2FfiL, ZhE TOH%EE
RVIED L LEHIT, SHROMEDRERICONTELET 5,

3 HAIZRT D RBEERMEDOS

3.1 HAIZKITDERMIEREMME (VAT<T 47+ VE2—)
INETHARIZBWNTED X S R BEAGEAEVEICE T 2 TON TE DN ZH L NI 57
W, XERT —FZ _R—=A ANV AT T 4 v« LEa—%&{Tolz, ZOBE, MEE L TUIRARDTE
KA & AR ORI 2 . WA & U IR EAERENEIZ B9 2 BB/ - LA R T2 R 90 D A % %t
Gl LTERL,

— W T —H~X— A (Primary database) & L Ci%. [Web of Science (Core Collection 1900-) |

(https://access.clarivate.com/) % . %7 — X% ~X— X (Secondary database) & L <Tix. [ Cinii]
(https://ci.nii.ac.jp/) ZFER L7Z, —KT —X X—2DHHE T — RiL Theterostyly|, [distyly], [ltristyly]
& MNapan| ZM\\ o (2021 452 H 28 A %), —IRT —HZ X—=ZAORF T — F & LTI AARGETHIS
L7= HARDSCHRIZ BT 28z 72 5729, Theterostyly . Tdistyly] or [tristyly] 200z, TEBGEAEM:
FRAEREE ) | T =B ) D& FEA Wz (2021 4F 2 H 28 H FE0E) . 2415 DR RS F (identification
list) OF26, EEAZHIFRL (de-duplication) , RIZFR - 7= Xk ZISBE L, BRI EGE L 22V SR A BR
EL., BT D CHREKVIAAT (Screening), &IZ, LIRT —H N—RA & 2IRT —H X—ZATHA S
TSR Z LR U, BT 5 U AR E | AT ER T 9 2 SR A i@ IR L 7,

INOEDVATYT 4 w7« LE2—IZ K5ORS - BIROWREZ X 11RT, YUt shk
SCHREE — R T —H _R— AT 60, KT —H_X—RAT 122 Thol=p, BEHIFR, BWkzETzhEh
31, 60 D CERAERL S, B3 91 DXLk S —HoDF —F R— A D ERS 11 AEBIR L. 80 DRk
7RSI U A R 7w 7S 47 (Appendix 1),

.- T oY NEes
HFOEE G, =2 CU % b7 v F S 80 ok 2o bV B IR BSOS - BT

1 RTF—HR—R 2 RT—HR—R

DHH, BT D Y BT BB AR 72 0 ot of Suionce o
SCHRIZDWT, G ERE L . FRBNERIZ OV TEE RRER 60 122
+7% ERHIR -10 -22
° HEDOBEK-BRE -19 -40
A 31 60
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3.2 BAITHIT DRI IE DN B3R DB

3.2.1. 1

LEIDY AT T 47 « LE2—0OFETIE 1980 FERLFTOSCHkIZE v ~ Loz, 1980
FERUTIL Puff (1980) (2L DA FTFY VYD (T HXF) OfLaiT T & LT, Hulli 2 BARSERMED
FLERDWMEN A OND X 12D, £D% 1991 FOBRGIZE DY 7 Y vOMRE KV Iz, BR
LILL DY 7 Ty o7l Uz BAGEREME O FEA R Siv, 2 < Oz, %
DOHFNNT, EREDORRND A== — OB RPN IR0 | BEGEAVES RS 2 &
W K IR A R N B S 2 7292 (Washitani et al. 1996 %5) NEFENR TNV D, SHIZ, 0D
HOREMH CThH o725 7 AOEHRB AT, REEBTFHRETZFEML TWD, 29 LERNFITT=
T hTaYe s MEBMEIN Y T Y O FAERTIENIRIZEE LD LTS (B4 2006) .

2000 FARICAD ZANG, ZHLEEET AR E LTOH 7 7Y o7 S FOMEOMIC | ik
IR BREDOHEACAERE TSR DN R I o T & 7o, 2 9 LI RIcid, BATERNE O A o EKIC
SN, EHEDOT T FOAHEMER  (Naiki & Kato 1999, Watanabe et al. 2018) . {55/ IZfE 5 ATHEME 2
& (Naiki & Nagamasu 2004, Nakamura et al. 2007, Naiki 2012) »3i&im <AL TV 5,

3.2.2. SRl xIGHIBOEL

A AIZ R 2 BAGEAEMERFZEIE, 13IE “BIEAEEIC BT 28 Ch D, T, BARDIENRMEY T =
RIAEREMEZ A LT D b ONIRESHETH S I VAT I UAFEO 2/ (= I VY AF L I UAX)
DHTHY, 7D O 0 FELL EIFL T REHETH L0 TH D EE 2B D (Watanabe 2022)

MEFEL LCUIY 2 7 Y UBRRBEL RIEOKHNSDO—%2 EDTND (23%), Ziuid, BAGEHME
DET AP E LTINS LI > T iz72dTH D (KMBA), DWNWT, THH, BH NI A4
THRTF a v T EOMEM O IBIEE R E TS,

SEOWW AR ZLICRD L, 27T IRHCOWTT I RRNREL, 202 BN R¥EZ2 EDTND
ZEBnbnd (K5B), ik, ARICHAMT 2 BEGCAEEREFENR Y 7 7 Y oft e T h xR 2 AT 5
& ARAERMRR O E HH T % (Watanabe 2022) Z L ICRELTWA EEZBND, 5 2
BHZOWTIX, o S AEBRREIC, EEREV RS D, 7 7 Y URHIREE TRED B RS BIZ DI,
S LTWDDIZRE L, 7 3B OG04 O O TEEHITT T, B AR TILHEREVE O BRERYI B0/ N G 5
IZZ\W, 17 IV ORY Y IV URBIIAETHEATHLIOICKIL, THXFHIZ S BDARTHD Z &
HEEQENTH D, 1o T, BAO ZAIEHMMSIL, WMiRFE CIXERDOY 7 Z Y v@gziis Lz
FARUEREMERE Y 3 2 < | B CIET I 2B A2 b & LIZARARD “RIERME A L\ 2V D Z LR T
x5,

1900 FARITIE. HASIEOMIRRIZI 1T D FARY 2 x5 & LT2AFJE B35 72723, 2000 FARIZ 72
S THBBERFIE &/ NG & % BT RO AN e o TEC& 72, HAMICH 1900 FARIC
IR O EARES) ARG & ST 7223, 2000 1870 BBV I BVEH I COARARMIZ E B & 1811 ©
N5 X512k, BHROMZEE RS Z 5 Lo RPIEm EAE LD LNz b, ZOZ &L, @i
DOHER L SEBEOBSEN O bR Z N TE 5 (1K6),
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(A) . (B)
. 30
ML EIEG 25
,subsp, Bonine primula sieboldil X
Guettarda speciosa -|j-77\jrj ﬁk 20
Psychotria Nymphoides peltata ﬁ 15
boninensis >
Pseudopyxis 7-&# 10
Primulose
primula rei.nii var. Oxalis corniculata >
rhodg gﬁtllgrrhiza 739/ {: . . .
DA R = 0
Primula modesta < 2 e < 2 KNS e < <
Nymphoides indica 5 .. ! N N @'b @rb Q;,b Q:b @Ib o Q:b Q:a' Q,’b
TanFyys4aT & & F & & F
Psychotria homalosperma (0\5 Q.SQ (1\{’0 Qoo ,§b ’\&Qk O\ Q\O
NN & & N v
FHHISRFIHS R é\@o‘\ S o ¥
5. HARIZK T D BBREAAMEICET 2/ 2 &L O CkOEE (A) R EoEE (B),
35
30
25
20 7 h 2kt
15
10 _
. HoZvoR
0 |
1981~1990 1991~2000 2001~2010 2011~2020
B Primulaceae M Rubiaceae ® Menyanthaceae
Polygonaceae M Oxalidaceae M review
M Lythraceae B Oleaceae M Rosaceae

6. HADFRRAEFEVERIYZBE 3 % i SCE D IR ABIHER

AASIE (P38, BiERSIE - PERE « NERGRER « TRAIBZREZRS) T, 7HIRBOA T%
UY OO EYD . BN FEE LT Z A, b7 7 VoY r I Y vRokEY, IV
YURORMIEY), 2 TR0 T H I T ETEOMNRER DD, KIETIX, 477 Y VEOREAH =
A UY T TEIOEIEAERE L RHICET 281 H L5 (KL Ea—IZ@Ehho il & LTIA 2021
BdHD),

/NVERFE R IR, 2000 RO KR CTEBIEHEMEORHMIIF b T\ Rdr oz, Ll EE L O
FECRY, THABOEAHWIA AT T H AT LA AU TRF a v P02 B TERERINC b IHEEER
ZH THRAEREMETH D Z LN b E e o Te, INEFEER ORI Z RIEL TH, S®%HT7IC R
PERERD 7S Z DFE RS> IR S 05 AR FEH TR,

BRERFIE Cld, BAMEHMEDOWIIEL LT Y~ A FTFEV, VT X~vH AT IATUE ATATF
V%, T BANEHEMENRE L Z Lo e LT avm A 7Y IA(TFV R Favd,
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FHIRF a v OREBRFET NS,

Watanabe (2022) 12825 & HARTH LIV TW D BAUEAEVEREN X =TAEFENEDY I VA FRD T Y
FIRD 2, THFEREEIZ I YRR (LB IXAVER) Ofs, IV AL IR B K; A UAF =
Vg, IYHCIR, TR, B AR QB LeFa v, VAR, 27 L&),
77VOR QR Y27V v TAXE TR 7 FAVE ~ATAYFIE, v Fa v rE,
INT Y RAVIE, FY~ATEVR, AFTEI Y VR AT a v VR Arnde R (LE; Ae
Re/®/) OFF TR T REVD Z LIRS, Ll HRCREIEREME S 5TV SR T R AL
AT D b OIE EFLOMIZ 10 £ 18 /& (Watanabe 2022) &V . 41 Z O T 57212 SEREREME O Rk
NEROMADAREM S EZZ NS, SRS ATFT v/ « LE 2a—Tl3, BUERAIEREDN R S
TWH 7 N—T7 O, REEEMENRE L LRONOHILEENTVD Z LIIFEENLETH D,

4 BAROTIERERICAMREY & K DHFFD Z vk b~ BRCME OMER: & i~

2T, BAOIERNME R E LIEgEE LT, EENASBRLEEICRDIEEZD 2 DDOT—
~ 1) BN IIT D BAEAEME OIS E# & MERF (fitness and maintenance) & 2) FEAFEANED AL
HIAREE (evolutionary breakdown) (ZOWTHERLT 5, & ZIZiX, EME OEMEE, JEOBRE, £ L
T &V D RUENEEICEE LTV 2 O T TRIHEICHET L2\,

4.1. BRATEREMEOBEISHER & MR

B— 4 IRBEEL TG 145 O, BATEREMIC BT 2 B x U W Z E DR 2 ST
72 (Weller 2009) (262300 b3, RICIZEATEHMEOMISHIE R & Z OEMEZRERBLO MR 213
D E A2\ (Barrett 2019) .

HISHEFRE L TRERBENDH 200, IEOIWE OHMHMETH D, T AT EAEOFRITIEDOIRE 2
R THLIERLNE DD, T HRRRES BA BHIZ WA XX TIEAEE T, 2N ENOME N TH
TWAHFENE <, ZOWEDBLEIZ ED X 5 RIS 7R EFRD 5 D DONNIRIZITH LN TR, HARE
DM TIE, ATV I IFZRFavy ~NTAxXI, IXFTU I TAREREZNICHETZD, ENEND
R DOEEEE ORI OV T S, BEERANCIT L3 L 3B L SND R, ZOHENS ORI AKX 7ol
HLEFIEL, FOREIZONWT higma T\ 5, filziE, AV T ITRFa 7Tk, SENE
BlIZZ N2 B> TEY, 2L SHOLT N RRARERAEHEORNANPEEL TNDH LB LN
% (Watanabe et al. 2014)

4.2. BAGEAEME DO/ B

FARCFEE ORI 25 2 DERICIR, BATEREMEDRKASL & fEED 2 DO TG MNE 2 bivd, BETEHE
DRRNATBRANARD THEME/ 720, TN LEZ S RWHRTH L OIx L, M EICE L T
Wb EEZLND, BARCRMEORED X2 — 2 L LTL, 1ZE A EDOFANEA A FAMHEICE LT
LD THDLN, L0FRHE L CIIMERERKICENLT 22 ERMbA TS (Watanabe 2014b,
Watanabe & Sugawara 2015), & HIZHRIEH BT/ > TE NI AEEOARTF a v VB TiE, BAYEH:
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PES— HERUZRAEE LT s, MERESERL L7- &0 o Mt bl e E ST 5 (T84 2021),

BANERENMEO (LR Z S & 23 ER & LT, ShE ok, a0 2fb, £ A4 X0
DL ERFET BN TS, BRI AZEIAMEOEIE, TEFRMAEEORE] LSV 52
EMTED, THEAFEMEDEE] (TRAEAMEOEMNTILH 2FREHEITA L TWDR, EHE
DRI E L ANSPOJRR TENNERPFIZIEAY | BET D ELEZ2H5 (Washitani 1996), FEx 72
FT, HBICEZ 2L THD72DIT, ED XD AP R BRI CHRENE Z 200 EMEET 5 2
ENHIRBIR S T 5, W HI B ZEVEICAEE L= Why FORAEAME A ML T 2 2 S 138 L <
IR TH D L EZ BN TWD (Barrett 2013), FAEFEED & HERE SR ~D AT X v 1M
T, BREOR BN OEEDRBADERE DOENRE] & &2 5 & OIGLATRE STV 572 (Beach &
Bawa 1980) ., A7 IFERE L2 BliX 72V, MERESAR & MIAMRHEDOMERBLTH Y | 20T BN OEERH H
PE I FE DS MR D370 D728 2D X 5 2 (LS 2 A ERIIFA A LV, S 512, BiEkS
BT AT IRT a3 v T, R CHUSFIS e BARITERENE ) O MR A FIRE & & TR~
DOEALRHE SN TND D, ZOHEALIEFRIZOWTH £ 600278 > TWvawy (Watanabe et al. 2021),

BACREME ML REECTE RO L 2B SR T EERBER TH L B2 DN EMED Y 7
Ik (pollinator shift) <°¥EZ: (pollinator loss) (X, k4722 L #FINE LTHIESREZ b, BlxIE/NE
JFFEROF TV T ZRTF a 7 VT, AROBIERBRND, NARREETRKDbLTLE- 7B bN
Do THTUHEMPEIZHE > TERR T, £ 0 EOEWHICAROERENFEL RV E, £ D
IR 2= —D 7 NRERERBTHZ LI/ D, ZOZ LT, B CE IS MDD
HHIEAHH L, EE L THRIMEEMENRE L  EEEARESEM LIV T LI ENEZ LD,
BTIEZOL D RRMAE Z 009 < ZABMES CRAMEHMES DRV O —2Th o L EZXD
% (Watanabe & Sugawara 2015) ,

HARIZIIER % 228703 8 5 FIZ&BHR b IR < (2B EFH O H 72 2 HUldIZ [l — O FE AN IR < 7340 LTV
HEVS ZENRLIFELITFONTVD, TD &Rk, BANCAENMEOMER:, fitE, BWISHIERREZ
BRET 2L LTEHETHD LEZOND, HRTOZDEICRLALEH T, BRIZHHMNT D
e LTiE, ~"TA~X Y EIXT U ERET NS, Elodhara /XX, v AT A_AFOHMAT
DIRHIRDN G, wANFTARFHEHDO RO WEERSISIC S 0 L TEY , 2O TERE ~OH
I 2D 8 D ATREMED B 2 B D,

4.3. BAGEAAMEO RO & WA, REEAMES R L7 WD & 5 R

AARICET 2 BAGEFREMO U X Mok b &, BATERMIZAARYE TR LZ 07 %BREETHY
(Watanabe 2022) . 1t D 1 % (Renner2014) &\ 9 G & Z T ERE ZE W T2V, LarL, &
MUTH L EFTHIICE ST —F TH Y | RTHHEMICHE S DT TIERW o, BRG]
REMED & D REMFEDS R STV 0 | BEE L T2 WIREME D & DHEREDS HT T2 1S D702 WRetE & 4312
Exbb, BUEE TOMAETER L TABR I DITHFRENET Z L 2> T\ 5,
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5. HEE

A B OHFFRSTHATF L TR S o e HREERRICEHRH O LEST, EAMFRICEEL T D
FrDODTW I W lZ&E Lz, VAT~YT 4 v « LEa2—THU Web of Science DIRFEIZOU
TIE, FEERAMEFIOF N EELICZHHVWEEEE L, LRVEH W LET, 2B, AFED
—EBIIR SR A B4 (KAKENHI 18K14782, 22K06378 fRF @ JEEMEHAN) 1T LV EhnSivE L7z,

6. 5IFH3CHER
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The Ecology and Evolutionary Biology of Heterostyly in Japan

Kenta Watanabe

Science and Technology Division

Heterotyly is the genetic polymorphism which consists of two (distyly) or three (tristyly) different morphs
of flowers in the population. The flowers usually require the pollen from the different morph to set seeds, so that
heterostylous plants dependent on suitable pollinators to reproduce. Numerous studies have been published on the
biology of heterostyly since Charles Darwin’s book “The different forms of flowers on plants of the same species”
in 1877, however there are still so many issues remain unsolved.

In this article, | reviewed the studies on heterostyly of plants native to Japan. | also showed that future studies

related to the fitness, maintenance, and the evolutionary breakdown of heterostyly.

Key words: heterostyly, distyly, tristyly, Japanese islands, Ogasawara Islands, Ryukyu Islands
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Appendix 1. Y ATVT 4 v + LE2—|ZX VBRI N/
(FrF4 VRIS RY)
https://lwww.okinawa-ct.ac.jp/UserFiles/File/04toshojoho kakari/R3/kiyou/Appendix Evolutionary.z
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Aerodynamic Optimization on Planforms of Forward-Swept Wing
for a 220-Seat Class Aircraft

*Seiichiro Morizawa!, Toshiyuki Nomura?, and Hiromitsu Kawazoe>

! Department of Mechanical Systems Engineering, > Japan Aerospace Exploration Agency, * Gifu University,

Institute for Advanced Study

In this study, two discussions on the planforms of forward-swept wings for a 220-seat class aircraft are conducted.
The two discussions are related with a parametric study of the wing planforms and an aecrodynamic optimization
with genetic algorithm. Both of the studies result in similar aerodynamic performances and geometries. As for the
geometries, the longer semispan length leads directly to a better aerodynamic performance. On the other hand, the
changes in the inner/outer swept-forward angles and the chord length at the kink position have little influence on
the aerodynamic performances. However, the acrodynamic performances are getting worse when both the semispan
length and the outer swept-forward angle are getting larger. The geometries optimized are greatly different from the
wing planform of the base geometry, which is caused by shock stall. In comparison between the inner and outer

wings, the aerodynamic performances of the outer wing are crucial to those of the entire wing.

Key Words : Forward-Swept Wing, Aerodynamic Optimization, Wing Planform, CFD, Genetic Algorithm
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Abstract

In this study, to acquire design guidelines for future aerodynamic wingtip design with a wing grid, the aerodynamic
coefficients of a planar wing with a wing grid and a rectangular wing, employing CRM.65.airfoil, at low- and high-Mach
number conditions are compared using numerical simulation. As the result, the planar wing with a wing grid generates
the extra induced-drag coefficient when the lift coefficient is the same. This is because the wingtip vortices of the wing
grid occur, and the pressure coefficient on the first wingtip becomes especially smaller. Therefore, there is no advantage
in these conditions with a wing grid when no proper dihedral angle or twist angle is set.
Keywords: Wing grid, Wingtip design, Planar wing, Aerodynamic characteristics, CFD

1. Introduction

Reducing the induced drag on an aircraft is important because it accounts for approximately 25% and 60% of the total
drag during cruising and takeoff, respectively?. Drag is generated near the wingtip, where high-pressure air from the
bottom to the top of the wing could exit. This causes a pressure difference between the upper and lower surfaces, creating
a tip vortex. A straightforward approach for drag reduction is utilizing a high-aspect-ratio wing. This is because the wing
portion affected by the tip vortex is lower for a high-aspect-ratio wing, and thereby reduces the strength of the tip vortex.
However, the wingspan is restricted because the structural weight of aerodynamic loads must be considered. A common
alternative for drag reduction is to deform the wingtip shape, a practice termed the wingtip concept?. The purpose of the
concept is to ensure attenuation of the wingtip vortex energy without increasing the aspect ratio.

Recently, the wing grid mimics the wingtip of birds during gliding, with a wingtip model proposed®. La Roche et al.
demonstrated that a glider with a wing grid involves a similar lift-to-drag ratio®. This result suggests that the wing grid
configuration can reduce drag, including induced drag on civil aircraft. However, studies on wing grid at high Reynolds
number (Re = O [10°]) for civil aircraft class are scant. In addition, both low- and high-Mach number conditions, such
as low speed for takeoff and transonic speed for cruising, are not considered. The relations between aerodynamic
characteristics and flow field with respect to the wing geometry, including the induced drag, are not yet clear. The study
of wing grids such as the position and allocation of each wing grid and the optimal dihedral angles are also necessary
when designing the wingtip of a civil aircraft.

The objective of this study is to acquire guidelines for the optimal wingtip with a wing grid. As the first step for this
study, the relationships between the aerodynamic characteristics and flow fields on a planer wing with a wing grid
employed as CRM.65.airfoil. In addition, the comparisons between a wing grid and a rectangular wing with the same

span length are conducted to see the difference in aerodynamic characteristics at low- and high-Mach numbers conditions
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generated by wingtip with and without a wing grid. For this purpose, we performed numerical investigations at those two
conditions at a Re of 5.0 x 108, with these conditions assumed as those for during flight takeoff (low Mach number) and
cruising (high Mach number). The corresponding lift and drag coefficients and lift-to-drag ratios were calculated and
plotted, with flow fields on the upper surface obtained from pressure coefficients. In addition, the pressure distribution
on the wings near the wingtip region is examined. Finally, two drag characteristics such as pressure/viscosity drag, and

induced drag are also investigated.
2. Problem Description
2.1 Governing equations

The governing equations are three-dimensional compressible Navier-Stokes equations. The conservative and non-

dimensional forms of the equations are as the follows:

(p ;) =0 (1)
1 0
—(p D + (pu ) ax Rea_ijU (2)
de 10 1 9q,
at+—[(€+p) ] =Ea—xj(‘[ijui)—ﬁa—xj (3)

wheret, p, p, e, Uj (= u, v, w) are the time, density, static pressure, total energy, and velocity in each direction x; (= X, y, 2)

for j = 1, 2, 3, respectively. All variables are normalized by the chord length ¢ of the main wing, the density p.., the

viscosity u.., and the velocity u,, of the freestream. The viscosity x is calculated by the Sutherland’s law as follows.
"_ (Lf T, 4 C @
p, \T,) T+C

where T is the temperature. The constant values T, and C are set to be 460.0 and 198.6. For the perfect gas, the static

pressure p and speed of sound a can be calculated as follows.

p=F-1 (e - %pukuk> (5)

p
at=y- (6)
p

where y (=1.4) is the specific heat ratio. The viscous stress tenter z;; and heat flux vector q; are written as follows.

)

2
Ty = 2US;; — §l15ij5kk D
1 u da?
g =—— ®)
J y — 1Pr ox;
where §;; is the Kronecker delta and Pr is the Prandtl number. The ratio of strain tensor s; is the following.
1/0u; OJu;
] ]
(& 9
Sk 2 <6xj 6xi) ©
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2.2 Numerical schemes

To discretize egs. (1) ~ (3), partial derivatives of the convective term using a simple high-resolution upstream scheme
(SHUS)® with a three-order monotone upstream scheme for the conservation laws (MUSCL)® were employed. The
viscous terms were computed using the second-order central difference scheme. An alternating direction implicit
symmetric Gauss-Seidel scheme (ADI-SGS)” for the second-order backward differentiation was adopted for time
integration with a local time step, and the steady-state equations were solved. The Spalart-Allmaras model® was utilized

as the turbulent model.

2.3 Validation of the computational methods

In this study, the numerical computation data are compared with experimental data®. The validation followed the
CRM.65.airfoil of NASA-CRM aircraft model'® (CRM.65.airfoil sections), as illustrated in Fig. 1. The validation
conditions include a Reynolds number (Re) of 5.0 x 108 and a Mach number (M.,) of 0.74. The angles of attack (AoA) of
the computation were set from 0° to 6° at increments of 1°, while the grid points were 497 x 101 x 151.

The experimental and computational methods data in this study for the lift and drag coefficients are compared in Fig. 2.
The comparison reveals the computational methods predict the coefficients and highlight their trends. Therefore, we
concluded that the computational methods are suitable for the investigation in this study. In addition, the wingtip
prediction is compared with the experimental data of the pressure coefficient (Cp) distribution at each airfoil section
against the span-direction of the ONERA M6 wing'®. The computational method of this study captures the general trend
of the C,, distribution in the span direction of the span-direction at 99% position. We conclude that the computational

methods of this study can predict the accuracy of the wingtip well.
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Fig. 2 Comparison of current computation and experimental data for the (a) lift coefficient and (b) drag coefficient
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2.4 Computational geometry, grids, and cases

The computational geometries of the wing grid and rectangular wing are shown in Fig. 3, with the half wing models
used to save the computational cost, with the CRM.65 airfoil utilized. The aspect ratio of the rectangular wing was set to
5.6 as employed®. The CRM.65 airfoil is also employed for the wingtips of the wing grid in this study. The wingtip shapes
of the wing grid and rectangular wing are rounded to the camber line as shown in Fig. 4. Figure 5 shows the wingtips
layout of the wing grid. The mounting angles for these wingtips are set at 0°, and the chord line of the wing grid matches
that of the main wing. The four wingtips of the wing grid are set at regular intervals. To determine the wingtip length of
the wing grid, the length ratio between the wing grid region and the main wing was set to be 0.7 based on the previous
literature®?,

The C-H type grid topology was employed for computation, where the grid outer boundary layer is 20 times the chord
length away from the wing. The minimum size of the grid in the normal directions is obtained as 0.05/+/Re. In addition,
improving the local grid accuracy for the wingtip region was necessary. However, since computer resources are restricted,
maintaining identical grid quality between the main wing and the wingtip is difficult due to the wing grid. In this study,
a zonal method was adopted to enhance local grid resolutions of the wing grid, and the connection between the main wing
(zonel) and wingtip (zone2) is depicted in Fig. 6 (a). The grids in green and red were independently generated by the
wingtip of the wing grid and main wing, creating the need for processing each grid. Figure 6 (b) shows the connection
between the wingtip (zone 2) and its outer region (zone3). These zones of Fig. 6 are calculated by a united zonal method
based on the fortified solution algorithm*®. The grid points were set to 497 x 71 x 151(zonel), 605 x 33 x 151(zone2),
and 497 x 34 x 151(zone3).

The computational conditions in this study include the AoA changing from 0° to 6° at a 1° increment, Mach numbers
(M..) of 0.20 and 0.74, and a Reynolds number based on the chord length of 5.0 x 108. In this study, the Re is considered
with a fixed Re at M. =0.20 and 0.74. This is corresponding to the vilified one in Fig. 2. We assume that the flow field

does not change drastically at high Re, such as Re > O (10%), and could compare purely the difference in the M...
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Fig. 3 Computed geometry of the wing grid and rectangular wing
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Fig. 6 Computational grid of the wing grid near the wingtip region

2.5 Postprocessing
2.5.1 Estimation of the lift and drag coefficients from pressure coefficients distributions

To estimate the lift and drag coefficients, the pressure coefficients (Cp) against the normalized chord-length direction
(x/c) and normalized vertical-length one (z/t) are investigated. A typical example of these C, distributions on airfoils of
the aircraft is plotted as illustrated in Fig. 7, with C and Cp obtained by the loop areas. The area of C, against x/c between
the upper and lower surfaces is approximately the C, value of the wing*¥. Relatedly, Kamiya explained that the difference

between the drag-loop and suction-loop areas is equal approximately to the Cp value®®,

suction-loop

G, lift-loop

drag-looy

! I S S

Fig. 7 Schematic diagram of pressure coefficient distributions for estimating C. and Cp

2.5.2 Drag Decomposition

To obtain drag characteristics of the near-flow field, in this study, we adopted two decompositions for the drag
coefficient (Cp). The first involves the viscous-drag (Cpv) and the pressure-drag (Cpp) coefficients, whereas the other is
divided into the profile-drag (Cq) and the induced-drag (Cpi) coefficients. In particular, the latter drag decomposition'® is
expressed as follows:

2

C;
C,=C Cn: =C 2)
b at Cpi d+1'[eAR

where e and AR are the Oswald efficiency and aspect ratio of the wing. The Cp; in eq. (2) is obtained by subtracting Cp

from the Cq4 calculated when Cy is zero.
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3. Results and Discussion

3.1 Fundamental characteristics

The lift and drag coefficients (C. and Cp) at M. of 0.20 and 0.74 against the AoA are displayed in Fig. 8. To investigate
these coefficients of the wing grid and rectangular wing, the rectangular wing area is employed as the reference area. In
Fig. 8 (a), the C. of the wing grid at M., of 0.74 is smaller at all AoA values than that of the rectangular wing, and the C_
difference between these wings widens as the AoA increases. Conversely, the C of the wing grid at M., of 0.20 is higher
at all AoA values, and a similar trend of C, difference between these wings at M., of 0.74 against AoA is observed at M
of 0.20. Therefore, the C, of the wing grid at M., of 0.20 is higher than that of the rectangular wing at an AoA of 6°. These
results suggest that the wing grid facilitates obtaining lift than the rectangular wing for the same span-length, highlighting
its superiority for flight takeoff at a low Mach number and high AoA. This indicates that the wing grid is characterized by
low wing loading under these conditions. However, these wing grid characteristics are reversed at the transonic conditions
of flight cruising.

In Fig. 8 (b), the wing grid Cp at M., of 0.20 and 0.74 surpass those of the rectangular wing, and the Cp difference
between the two at M., of 0.20 is almost identical at all AoA values, whereas that at M., of 0.74 becomes smaller as the
A0A increases and the Cp of the rectangular wing is close to that of the wing grid. In addition, the Cp increases with AoA
for the wing grid, and rectangular wings at M. of 0.74 are higher than those at M., of 0.20. At lower AoA, the Cp value of
low M., for those wings is larger than that of high M. for those wings. On the other hand, at higher AoA, the Cp value of
low M., for those wings is smaller than that of high M, for those wings. These results suggest that the Cp values at M., of
0.74 and low AoA for the wings, equivalent to the cruise condition of aircraft are lower, whereas the Cp at M., of 0.20 and
higher AoA for the wings, equivalent to the takeoff condition are higher. Therefore, the planar wing with a wing grid
seems disadvantageous due to high drag for the entire flight conditions (i.e., takeoff, cruising, and landing), although a
similar drag rise trend is observed for the rectangular wing.

Figure 9 shows the lift-to-drag ratio (L/D) at M., of 0.20 and 0.74 against the AoA. The L/D values of the wing grid at
both M., values are lower than those for the rectangular wing at all AoA values, with values at M., of 0.74 for the wings
shifting to higher AoA values compared with those at M., of 0.20. This is because, at higher AoA, the Cp of the wings at
M.. of 0.74 is higher than those at M. of 0.20 (Fig. 8 (b)). In addition, the Cp difference between the wing grid and
rectangular wing at M., of 0.74 is lower than that at M., of 0.20 as the AoA increases. These results suggest that the planar
wing with a wing grid exhibits poor aerodynamic performance compared to a rectangular wing for the same span-length.

Next, to assess the low and high AoA results, the flow fields of the wings are examined. The pressure coefficient (Cp)
values on the upper surfaces of the wings at M., of 0.20 and 0.74 for AoA values of 0° and 6° are displayed in Figs. 10
and 11. The red lines are located at a span-length direction, y/b of 2.38, and are used for illustration in Fig.12. In Fig. 10,
at an AoA of 0°, low C,, is observed for the wing grid near the trailing-edge region of the first wingtip, whereas for the
rectangular wing, it is only observed in the leading-edge region. In Fig. 11, at an AoA of 6°, low C; is visible for the wing
grid near the entire region of the first wingtip and the trailing-edge region of the second, whereas for the rectangular wing,
it is still observed only near the leading-edge region of the wingtip.

To further compare the C, differences between the wings, the C, distributions at y/b of 2.38 against the normalized
vertical-length direction (z/t) at AoA of 6° and normalized chord-length direction (x/c) at AoA of 0° are exhibited in Fig.
12 (a) and (b). The suction-loop is missing for the wing grid in each region (Fig. 12 (a)), with only drag-loops present.
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The result for the wing grid differs from that of the rectangular wing, suggesting that the planar wing with a wing grid
enhances the Cp values at an AoA of 0°, as shown in Fig. 9 (b). In addition, Fig. 12 (a) shows that the drag-loop covers
the largest area for each wingtip of the wing grid. Conversely, in Fig. 12 (b), low C, distributions are present near the first
and second wingtips of the wing grid and are characterized by enlarging areas. The total C, difference between the upper
and lower surfaces of the wing increases beyond that of the rectangular wing. These results indicate that a planar wing
with a wing grid enhances the C, values at an AoA of 6°, as in Fig. 8 (a).

Finally, to investigate the low C, distributions near the first and second wingtips of the wing grid, the flow fields are
illustrated in Fig. 13. Figure 13 (a) shows the color streamline of normalized velocity at y/b of 2.38 with the monochrome
contour of Cy. Figure 13 (b) shows the color C, with contour lines filling the gap in the wing grid. As the result, Fig. 13
(a) suggests that the flow accelerations at the first and second wingtips of the wing grid are observed, and that trend is
evident at the trailing edge. As shown in Fig. 13 (b), there is also a concentration of contour lines near the trailing edge
and the gaps of wingtip near the trailing edge are lower C,. These results seem that the flow acceleration reaches the
trailing edge without deceleration due to the short chord length of the wing grid.

CL

— M. = 0.74, wing grid — — = M, =020, wing grid — M= 0.74, wing grid === M_=0.20, wing grid

——— M, = 0.74, rectangular wing — — = M = 0.20, rectangular wing — M, =074, rectangular wing = = = M, =020, rectangular wing
N

] 1 2 3 4 5 -3 1] 1 2 3 4 5 6
AoA[deg] AoA[deg]
(a) Lift coefficient (b) Drag coefficient

Fig. 8 Aerodynamic coefficients between wing grid and rectangular wing

25

—— M, =074, wing grid = = = M, = 0.20, wing grid

—— M, = 0.74, rectangular wing = = = M, = 0.20, rectangular wing

o 1 2 3 4 5 6
AoA[deq]

Fig. 9 Lift-to-drag ratio for the wing grid and rectangular wing at AoA from 0° - 6°
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Fig. 10 Surface pressure coefficients at an AoA of 0° and M., of 0.74 for the wing grid and rectangular wing
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Fig. 11 Surface pressure coefficient at an AoA of 6° and M., of 0.20 for the wing grid and rectangular wing
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Fig. 12 Pressure-coefficient distributions at y/b = 2.38 for the wing grid and rectangular wing
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Fig. 13 Flow fields near wing grid at an AoA of 6° and M., of 0.20

3.2 Decomposition of the drag coefficient

To better understand the drag characteristics of the planar wing with wing grid such as viscosity drag, pressure drag, and
induced drag, decompositions of the Cp based on Fig. 8 (b) are conducted in this section. The viscous-drag (Cpy)/ pressure-
drag (Cpyp) coefficients and induced-drag (Cp;) coefficients are shown in Figs. 14 and 15. The Cpy of the wings is almost
constant against the AoA, while their Cpp exhibit similar trends to the Cp, increasing at approximately the same intervals
at M., of 0.20 for the wings and the difference Cpp between these wings become smaller at M., of 0.74 for the wings as
the AoA increases. The result indicates that the planar wing with wing grid involves an extra Cp, during flight takeoff
(low Mach number) because the AoA dependence on the drag increase appears.

To obtain the Cpi, computations from —5° to —1° at increments of 1° were conducted in addition to Fig. 8, with the Cp
at C_ = 0 obtained by linear interpolation and the Cp; derived from eq. (1). The Cpi against the AoA and polar-curve
excluding the profile drag (Cq) are displayed in Fig. 15 (a) and (b). Figure 15 (a) shows that the Cp; differences at low
A0A between the wing grid and rectangular wing at M. of 0.20 and 0.74 are also low, whereas the differences increase as
the AoA increases. Consequently, the Cp;i at M., of 0.20 of the wing grid becomes higher than that of the rectangular wing,
and the Cp; at M., of 0.74 of the wing grid becomes lower than that of the rectangular wing. This is because similar trends
of C_ are confirmed as mentioned above in 3.1, and the Cp; of the wing grid is enhanced due to the increase in C.. In
contrast, the polar-curve between the wing grid and the rectangular wing has similar distributions at M., of 0.20 and 0.74,
respectively. As shown in Fig. 15 (b), the Cp; differences at low C. between the wing grid and rectangular wing at M, of
0.20 and 0.74 are also low, and the differences increase when C is higher.

Therefore, the planar wing with wing grid generates the extra Cpi during the flight takeoff phase when the designed C.
is set. To investigate the extra Cp; of the wing grid at M., of 0.20 and 0.74, the flow field near wingtips is investigated.

Figure 16 shows the C, with contour lines at an AoA of 6°, and the different colored streamlines of each wingtip are also
illustrated. The wingtip vortices generated from the wing grid are observed from both M., of 0.20 and 0.74. In particular,
the Cp on the first wingtip becomes smaller, and the flow acceleration occurs as mentioned above in Fig. 14. These results

seem that the wing grid in this study has no wing dihedral angle, and the first wingtip vortex is enhanced.
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Fig. 16 Surface pressure coefficient at an AoA of 6° with different colored streamlines near the trailing edge
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4. Conclusions

In this study, to acquire design guidelines for future aerodynamic wingtip with wing grid, numerical computations of a
planar wing with wing grid and rectangular wing at M., of 0.20 and 0.74 were conducted. The CRM.65.airfoil is employed
as these wings, and the aerodynamic coefficients of the wing grid and rectangular wing were compared to see the
difference in aerodynamic characteristics generated by wingtip with and without a wing grid. The pressure coefficients
on the upper surface and near wingtip regions were investigated. Drag decompositions were conducted to assess the
viscous-drag, pressure-drag, and induced-drag coefficients (Cpv, Cpp, and Cp;).

The results for the aerodynamic coefficients indicated that the lift slope of the wing grid at M., of 0.20 and the lift
coefficient (CL) at high all angles of attack (AoA) for the wing grid was higher than those for the rectangular wing.
However, these characteristics were reversed for the wing grid at M., of 0.74. Thus, the wing grid showed low wing
loading under aircraft takeoff conditions, whereas the wing loading of the wing grid at aircraft cruising conditions is
getting worse than that of the rectangular wing. The drag coefficients (Cp) at M., of 0.20 for the wing grid were higher at
all AoA values than those of the rectangular wing, and the Cp difference between the wing grid and the rectangular wing
is small at an M., of 0.74 and the difference between them is closing when the AoA is higher. Thus, the planar wing with
wing grid exhibited disadvantages for the entire aircraft flight conditions (i.e., takeoff, cruising, and landing) due to higher
drag. The lift-to-drag ratios for the wing grid at M., of 0.20 and 0.74 were lower than those of the rectangular wing at all
AoA values because of the higher drag of the planar wing with the wing grid at these conditions.

The pressure coefficients (Cp) on the upper surface of the wings at M., of 0.20 and 0.74 for AoA values of 0° and 6° were
also compared. For the wing grid, a low C, region at an AoA of 0° was observed near the trailing-edge region of the first
wingtip but absent for the rectangular wing. This was because the suction-loops were missing for the wing grid in each
region, with only drag-loops resents. Contrarily, at AoA of 6°, low C, regions were observed for the wing grid near the
entire region of the first wingtip and trailing-edge region of the second and observed only near the leading-edge region
for the rectangular wing. In addition, the flow accelerations at the first and second wingtips of the wing grid are also
observed even at the trailing edge.

Drag decompositions into viscous-/pressure-drag coefficients (Cpov and Cpp) and profile-/induced-drag coefficients (Cq
and Cp;) were also conducted. The results revealed the Cp, influences on the wings at M., of 0.20 and 0.74 dominated
those of the Cpy. Also, the Cp; differences at low AoA between the wing grid and rectangular wing at M., of 0.20 and 0.74
were low. On the other hand, owing to the relations of the C, distribution between these wings, the Cp; at M., of 0.20 of
the wing grid becomes higher than that of the rectangular wing and the Cp; at M., of 0.74 of the wing grid becomes lower
than that of the rectangular wing. The planar wing with wing grid generates the extra Cp; when the designed C. is set.
This is because the wingtip vortices of the wing grid occur, and the C, on the first wingtip becomes especially smaller.
Therefore, there is no advantage in low speed (takeoff and landing) or high speed (cruising) with a wing grid when no

proper dihedral angle or twist one is set.
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E’:
§ M2 1768 EHEDEREA A —

Shuri (Capital of Kingdom): (M I% GoogleEarth)
Kerama Islands: South-faced Seyerely damaged by earthguake

villages were inundated, especially, Fig. 2 Estimated rupture plane of
Asa village was lgw tsunami .

1768 earthquake. This earthquake

gave the strongest ground motion to

i

\_~/Estimated rupture Central Ryukyus since 17% century.
planein 1768 o . o

Major disaster in Kerama indicates

that tsunami source was located

south of the islands.
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DBV VB BIC I TR TR 72 2 LD | BRI OW RIS BE BRI 55 P 7 D B BRI S
eEZLND (K2)

3.3 HIRFUCHR LFE7z 1791 00 K

VO 1791 4 (BRERFE : M2 4044 H 11 B) 121X, BF L EEHE L B s, #EOREREZ K
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M3 SPREALOHMIE (ERIL
B ERZT(1985)) HEHEIL
A LI IC AR L 2HE (K
D) . S 0REDERMLES &
B EHRA~FEST 52 &1 m b
Fig. 3 Geomorphic setting around
Yonabaru. In the case tsunami

arrive as “yellow arrow”, fluid force

concentrates to Yonabaru.

o T 1791 FOERKICB W TIX, HIRICIT 2N AL R S L7z figk o P CH2EH L TRE W
Z L LEHOHIEEN D LT, Z ORI (2020) @ RLAE LTS, SRR O AL R TH -
T2 EEER LI, HIEGICOWTIRARS & ETHEOWERIZTH - TiX, =7 7 Uo7
RO BER L RO DEMEN G L, BEOTER 28 - 2 ST O RIBIEHIESEELTWD
(3) . AN, M oOTx U &0 M HGERANC FIHBICHE L W 5IRBRIX. 2nbs
MEDS RNV, YEECIE ENE-WSW B D NIHIIZ 22 > TNz, X3 TIEZ O#y & G A0S & £l L T D,
F T PIE & T L ORI, HER R~ A E R L g BRI O R E R ARREDNE 22 > TV T, R
SROBIWIEEL U THRE LIS D, L L 2 b SRR i O AL 2km (3 & ORI (I IARMEA R B4
THEY, KRRy ZIROBEBEIZ > TS, TIREOMWEIIMREER TIIH 2, OB
e OWARBE O X 5 IR 2, VFRUZH B HIABKIE 60mPL FIZET 5, ©F 0 HIRAHE
. B UITEAE R D EE A A L2 3BA B0 T, R Cic < < Msic = F L5 —73
HE£HFLTCLE MBS 2OTHS (K3) , 2O b, 1791 FEII MBS OMER Y 07 L

BEOC 1896 TR = FEHUEBIZ - o < W HIED A L. Z DAL G IRk CHgiEihl s Lz

7o, TERBG] 1SR SR/l AR AE LT e B 2 - (K4)

R4 1791 ERRMBOREA X —

Motobu: Port embankments i
were collapsed, village was Oh-uta Ri i (EH & GoogleEarth)
inundated by tsunami dated 300-1( 2017 ) ]
/’ Fig. 4 Estimated rupture plane of 1791
7 ' . . .
| “silent” earthquake. Th thquak
Naha: SHige were driftéd lE . silent” earthquake. This earthquake is
out from port by tsunami ! »\ SUMGESESSLARUTO : : :
\_ / | 1791 characterized by little ground motion and
plane in

huge tsunami. These features suggest

\
\
\
N

X that the earthquake occurred close to

\. .
Yonabaru: Huge tsunami trench axis, similar to the 1896 Meiji

Sanriku earthquake.
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Late 18" century megaquake cluster along Ryukyu trench, based on decoding
“Kyu-yo”, the national history archive of Ryukyu Kingdom.

KIMURA, Kazuo
Department of Liberal Arts

abstract

Behavior of Ryukyu trench, especially about mega-earthquake, is unknown based on seismic observation since
late 191 century. On the other hand, slight geological evidence of large earthquakes and tsunami is reported in
Okinawa Island. The author attempts to reinforce those evidence through bibliographic survey. “Kyu-yo” is the
national history archive of Ryukyu Kingdom. Convulsions of nature from middle 17 century to late 19™ century
are described in the document. It indicates that there was megaquake cluster in late 18" century. In 1768, Shuri
Castle was damaged by earthquake and King Sho Boku evacuated from his palace. After shock, tsunami hit
Kerama Islands and Asa village was lost. The well-known and cruel “Yaeyama tsunami disaster” occurred in
1771. In this earthquake, seismic intensity in Okinawa, Kerama and Kume islands was greater than that in
Yaeyama Islands. In 1791, Yonabaru port suffered huge tsunami caused by silent earthquake. Naha port and
Motobu port were also at the mercy of the tsunami. Judging from intensity and distribution of phenomena, the
three earthquakes occurred along Ryukyu trench, and were either Magnitude 8 or more. The archive tells that
Ryukyu trench is an earthquake nest similar to Nankai trough. After the slow-slip in 1791, however, seismic gap
continues in the area around Okinawa Island. It means that Ryukyu arc is accumulating distortion for the next

megaquake cluster.

keywords: Okinawa, paleoseismology, tsunami, cluster, gap
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A study of how to do online lecture for the students who want to enroll KOSEN
-- without Blackboard Learn and Microsoft Teams --
*SHIN Shoro

Department of Integrated Arts and Sciences, National Institute of Technology, Okinawa College

Abstract
People who do not belong to National Institute of Technology, Okinawa College (for example, the students who
want to enroll KOSEN) may have no accounts on Blackboard Learn (online education system) and Microsoft Teams.

So when we teach online for them, we should use another way. On this report, there are 4 methods.

Key Word : online lecture, entrance examination
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Automatic Wheelchair Control using Brain Machine Interface

Fuyuki Higa', Hiroki Kamehama?, Shun Okuhama?, Ryuma Kinjo?, Ryu Tuha?,
Furugen Hinata? , Hoshi Souta? , Sougen Harada®, Katuko Nakahira® , Kota Nakagawa®,
Katuya Nakahira?

! National Institute of Technology, Okinawa College, Nago, Japan 905-2192, ic171233@edu.okinawa-ct.ac.jp

2 National Institute of Technology, Okinawa College, Nago, Japan 905-2192
 Nagaoka University of Technology, Nagaoka, Japan 940-2188

Keywords: wheelchair control, brain machine interface, electroencephalogram

Wheelchairs have been widely recognized in everyday life. We've been conducting research and
development of an automatic wheelchair control for students with disabilities to actively participate
in their school life. Wheelchair users are forced to bear the emotional and physical burden. Especially
for students with severe motor disabilities, operating switches and levers that require muscle
movement can be a great burden. Therefore, this paper describes a novel wheelchair control method
using brain machine interface (BMI) in daily school life.

As a first step, we detailly analyzed the brain waves to estimate the physical movements. Figure 1
shows the analyzed results of electroencephalogram (EEG) when the subject raises his left and right
hands. Four real-time frequency spectrums are shown using short-time fourier transform in this
figure. In a second step, we estimate the relationship between the physical movements (left and right
hand raising) and real-time frequency spectrums using convolutional neural network. As shown in
figure 2, the machine learning results so far have not converged on validation. We believe that high
definition and increased EEG data improve the convergence of machine learning validation.

Model accuracy
. 104 — Tain
Validation

Figure 1 Real-time frequency spectrum of

I

o 2 4 6 8

electroencephalogram epoch
Figure 2 Machine learning transition estimating

physical movements using electroencephalogram
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