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Fevor=v2IRbBEOBRRT VDD
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M ER T TR, F2 0T r2v 27085
EETILEREERT ETH=298, =v=/8
FOBHEREPRE(BEEL TSI 2R b
Tl ¥, Favvv=v=7DEFEERS DS
ik, HngfeHeREHIHSR L & oLemn
FHTDHZENBEI TR

DX, Favvr=vErORSPLO
A FBY L AR IBEOEBYENTDOLNS
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CBHOEEREHET 2 L CEERIEE It 3,
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I. RBHE
‘ MERUHER
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TS 7 4 VPR BERL, 53574 - FD~=
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1. HEHHEOA BRI

Fig. 1 RRF L - EENE 1B HzE L D
T, oXFBIFHOEE LD ETFENEC,
AERXEIE»LRBETHHEXKRERERTH
L, AL, AFRE=RFREBREAEDXFR
R T 1 RS, A F R 0KBHET
TEXBRCHET 20 LT, Fav2dr=v
=27 CiFig. 1ORBTly—XVvEEBEL, B
2ERF X VvEEDbh5,

Fig. 2 BREFHR 2~5F R oMY FORET, &
BO2HEBETRIE SEFETRI~NE, 4~58
BTEiI~3EGENIC4E) 2 kb, 2~3FEB LR
DL U KBS CHIBEFESAEORICHET S
N, TofR=v=2 tEBTHS,

HEFE 4 EQUBRORE T, TR eRIRA
Lich AZRBEEL, SHUTIBEOCERET 2
KRBT EhTWv5b, T, {EBLE
cime T ARV ALRBEN, MEkTcEREo
EHESE» LIRS L, ERCAVNERDS
e BTEERZED BB (Fig. 3),

Fig. 1. Morphological structures of a seedling.
(co) cotyledon. (fl) first leaf.
(rt) root. (sc) seed coat.
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Fig. 2. Development of a foliage leaf after seed germination. Numbers indicate years
after seed germination.

2. F =
FEIEEH 1 mm OFFRT, FEXEL TV
5, EXR1cmBELBD CEGWLDI, B
BELLSESIRECER VWEE L, T,
FEOFHEPAETHITYE FEF) 2HE TRV
BEIEBD—>Th D,

3. ¥ &8 %E
EEETESHEEETrLR Y, EoBREE
—ERDOETIHEN DG F 5L CERBHIEL 7
Bo MR TIEEFEOHER, ZoEMTEE - T
12¥FCHELEETS, TEELIFLZEARALL
HROEOIR T, BHRLEHRBOIIC].8~8.2
DEALZ LN, BLTHMEABEE LA KE L,
EEE i) oEMNEDHhic (Tablel), %
o, REBROEEVEDIZRVEFRLESEL X
LB, BREFECXN THEFEOLLR K
{Is5h,
4. 5 F E

HFE LKA BB T 5 8E©,
EHR L TR XE8~10cm (H L TiX4~5cm)
THEIMEIET 5,
5. ) A E .
EBEROEELLRS 2 Y AEEHL, BF,
~ . FREBRTH S, HMlcRBRECEHIE,N 1~33E
Fig. 3. Morphological features of an adult plant. Hi-TEY, TORMCIEFERCEBREDR
Ehzbh, ERTLCERSIFETS, UK
TRBEOERELOMERTE/PRTED, DA
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Table 1. Growth and foliage leaf shape of plants cultivated for four years after planting.
1st leaf 2nd leaf 3rd leaf
bre e e Leph Vigh Rl Lenth Wb ot Lt Width - Rado
(cm)  (em) (cm (em) {em)  (em)
Y1 4 2.5 26.6 4.1 6.5 29.0 3.9 7.4 31.8 3.9 8.2
Y 2 19 2.9 18.0 6.9 2.6 19.9 6.0 3.3 15.2 2.3 6.6
Y 3 18 2.7 12.1 10.3 1.2 22.9 7.5 3.1 21.3 5.1 4.2
Y 4 3.1 24.8 7.2 3.4 26.1 7.0 3.7 26.6 5.8 4.6
Y5 4 3.3 28.8 6.8 4.2 29.8 6.8 4.4 29.0 6.3 4.6
Y 6 10 2.9 26.2 7.4 3.5 27.4 6.7 4.1 29.5 5.1 5.8
Y7 9 3.0 28.5 10.2 2.8 30.4 9.7 3.1 30.8 8.0 3.9
Y 8 5 2.6 29.4 8.9 3.3 30.5 7.8 3.9 29.2 6.2 4.7
Y9 2 3.0 24.3 9.3 2.6 28.8 8.1 3.6 27.0 3.5 7.7
Y10 4 2.5 30.3 7.9 3.8 32.6 7.4 4.4 33.0 6.6 5.0
Yi1 8 2.8 27.8 8.1 3.4 29.3 7.7 3.8 28.2 6.5 4.3
Yi2 2 3.0 27.5 8.3 3.3 28.8 7.6 3.8 30.0 6.6 4.5
Y13 3 3.0 22.3 7.3 3.1 24.3 6.7 3.6 25.2 5.5 4.6
Mean 7.5 2.9 25.1 7.9 3.2 27.7 7.1 3.9 27.4 5.5 5.0

2 Numbers of foliage leaves per plant.
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Fig. 4. Structure of root.

(A) Horizontal section of root.

(B) Vascular bundle.

(co) cotyledon. (en) endodermis. (ep) epidermis.

REwr oWk, FTE30 BB Eo B
%%'ﬁ’o 'f:o
& 2
1. fEER&TEZE
1768k Y b D/NEBX68.1 T, D & FEIEY
LT B E Vo7 (Fig. 5, Table2), TEX

DREXIEL, BFHR= 7 LEAKRCBEAVYE
L., EROESHCENED bR,
2. I 1t

RIERIATERCHNTEL, BoBWEST
LRBEAECTRFECHoT. —H, HMMEFIHE
<, PRIz EHR DA BRI (Fig. 6), TEH/D
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Fig. 5. Appearance of an umbel.

Table 2. Comparison of umbels and flower stalks of Allium species?.

No. of florets

Diameter of  Length of Diameter of flower stalk (mm)¥

Species Cultivar per umbel %rlg?f)l ﬂox\zeérms)talk Upper Middle Lower
A. victorialis 68.1+ 4.1 48.7%0.8 40.721.3  3.2x0.2 4.4%+0.2  4.9%0.3
A. fistulosum Matsumote-ippon 204.1+£19.6 79.9+2.9 53.2+1.6 11.1£0.7 23.9+1.0 20.7x0.9
A. cepa Sapporo-ki 525.7+51.5 83.4x1.6 100.0x1.6 10.9+0.4 32.0+0.9 16.1x0.7
A. schoenoprasum  Sapporo-zairai 63.8+ 3.1 29.0£0.6 40.4+0.8 1.7£0.1  2.6+0.1 2.9%0.1
A. tuberosum QOoba-nira 106.1+ 4.5 65.9%+1.3 65.7+1.6 2.9+0.8 4.4£1.0 6.3%0.2
A. ampeloprasim 266.4+£34.1 121.9+£2.8 95.1+2.2 8.0£0.2 9.5%£0.3 12.4%0.5

Z Data in the table represent mean £ S. E.

¥ Numbers stand for diameters of a central part of three equally divided portions of a flower stalk.

18 3SEsREB o B EIIC A TR A » T ds, LA
H DRBEGNERCENTHTERRNTFETH -7,
F i, TEROERICIEERIED LRI - T,
FREZEOARIMO * FBFYETAEL,
SEHFAHABICERL T BB I (Fig.
7, Table3), MEEMMOF¥BIEYTRIBIL?2
BHEELLY, Favor=av=asTR1IZER]1AE
TH -1 (Fig. 8),
3. 1& L]
FFBIEHOTER X V-IFhFBAT T, BRI
Eoarnzbnt (Fig. D, Favosr=v=y
DB ORE L HRIIA446.8um, 31.3 um T,
FHVF 2— a7 H Y FDOTEMITLERTH 1.5

K& ot (Tabled), TEHORMITITHICKE /s
Mt Ah b, RASE DI LBBERIER
h, MOTET HEINICIEAL S i (Fig. 10),
4. R ES
REITFEOHE L AFK, SENPHERCENRL
TRHEMIBOHTH -1, BIRETEIEDLS &
BuWgBdich, RETHIECEERL - TRE
AEUEAL 1o ]
RED 1 ZERNCET HEFHRIIMO Z FBIFH
2ETAHBLOEIFNLT, Favor=v=7TiXl
BThsb, LicdisT, 1 REOPOBEFHR MO
AFBIEHTREENBETH LN, Favdr=
v=7Ii33@E B,



& X avTr=v=y OB FEEHRORE(CET 5 EROFE 115

atomical observation o
(A) A. victorialis.

(B A. fistulosum (cv. Matsumoto-ippon).

(C) A. cepa (cv. Sapporo-ki).

(D) A. schoenoprasum (cv. Sapporo-zairai).

(E) A. tuberosum (cv. Ooba-nira).

(F) A. ampeloprasum.

(op) outer perianth. (ip) inner perianth. (lo) loculus.
(os) outer stamen. (is) inner stamen.

% = BEZRTCMEBREMI D70 L, BELLR

orets o wum Specles.

FFRIFCTUUL, BREERYRDHDICE TR
IEREEC L ) EFRROVNMER A& ¢ 5 HE
EPEBEATWBEOF o D22 iiR
WTh, BTFEELYTS DI IR ERE I i

AT ENEETHHLEEL LIS,
B2 CHRWIEEANTEB X TR V-2 £ AL
T ENEBOE A RIDHZ ED, BEoO—DEEZ
bhic, TEADERCLLNBERE, *FBFY
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Fig. 7. Appearance of an ovary.

Table 3. Comparison of ovules and loculi of Allium species.

Size of locule® Size of ovule®

Species Cultivar I;I‘?l.ﬂgsf Long Short Long Short
diameter diameter diameter diameter

(um) (uem) (um) (pem)

A. victorialis 3 135.0 97.5 111.0 76.8

(100> (100> 100 (1000

A. fistulosum Matsumoto-ippon 6 75.0 54.0 58.5 38.4

(56 (55 (53 (50)

A. cepa Sapporo-ki 6 88.5 64.5 73.5 28.5

(66) (66) (66) 3N

A. schoenoprasum Sapporo-zairai 6 69.9 43.8 42.9 32.2

62 (45) 39 42

A. tuberosum QOoba-nira 6 99.0 78.9 66.0 29.3

a3 @D (G (38)

A. ampeloprasum 6 73.5 55.5 50.4 32.0

GO 6D (45) (42)

z Numbers in parentheses indicate percentages to the value (100) of seeds of A. victorialis.

EORT BBOEBERBERO—DTH B o325 ¥
a Ty == 2 THEDLRLI T,

A FEBEHOTHERIBELIITEL IBLEDH
h, £EC 2@ SEME OB H B Hi133037-39
Favo+=2vasDBERFREENAEL, 38
PHREEHL VWA ST, BERAEFE 1
B lIELIEELRWZ EXTBDLR, 2D
L, ThEITrREHIL b oo K& el
D—DE\ 25,

TEm O PKE S TEYOHELRT L TEER

TR & Te B 433009 X FBIFYOIEW R --FhbF
RMEESZ OB HEAYMTH S Z EBERLIH
HWTHot, ¥, Favovr=v=27OlEHiRf
DEFFBEHCHERTRKEC LLEBHEOTH -
Too EM O RELEERNEFEUHE LA CHE
L, BRERORESEOBEC LA HEIRT
[ 6 7523,1'52'55'66’90’95) ;‘F %—,EVF%W\:%L\ -—C i) E)}(‘:ﬁﬁ
THECTHRGATER DEEL DR,
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Fig. 8. Horizontal sections of ovaries.
(A) A. victorialis.
(B) A. fistulosum (cv. Matsumoto-ippon).

Fig. 9. Pollen grains. Scale bar indicates 20 gm.

Table 4. Morphological characteristics of pollens
of Allium species?.

Pollen size

Species Cultivar Length Width Ratio
(A (B)  (B/A)
(pm)  (um)

A. victorialis 46.8a 31.3a 0.67b
A. tuberosum Ooba-nira 38.3b 22.6c 0.59d
A, fistulosum Matsumoto-ippon 33.2¢ 20.7d 0.64bc
A, ampeloprasum 33.1c 26.6b 0.80a
A. oreophilum 32.2¢d 19.6d 0.61cd Fig. 10. Scanning electron micrograph of a pollen
A. giganteum 31.8de 19.6d 0.62cd grain (x3,000). Scale bar indicates 10
A. schoenoprasum  Sapporo-zairai 30.9e 20.0d 0.64dc pm.

* Mean separation in columns by Duncan’s multiple range test,
5% level.
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1. #& F
MERUAE
MHEEFavor=av=ys, 258 BAR—K,
BAKHE, Fvx¥ HBRE, =7 K#E=7 &
BY —FDEFEH T, BFONMTHELBRET
LELLIZ, I0KEXREL, BEOMERE
I & AR EERE FHEME (Hir S-800) X
DT 570
F= R

1. BFONPHREERES

BT T, BRI RS THERALD
e (Fig. 11 A, —7, oA FEFHOBEF L
—OOEATEE I TER TH Y, BrRDLIAK
(Fig. 11B), BT D 100 K E X 1.08g T, fld*
F BT THIT Kk E o7 (Table5),
2. & B

(1) oL kikEs

EROMBOMIL4~8 A E THESI R, 6
Ao s s AFOMRNE -7, THOKX
XX Favor=v=21801.07X107*mm? &
BTH/h&EL, =5 CR3,576.07X107° mm? & & b
AK&H o7 (Tableb),

Table 5. Comparison of weights of 100 seeds of
Allium species.

Weight of Index of

Species Cultivar 100 seeds  weight®
(g)
A. victorialis 1.08 100
A. fistulosum Matsumoto-ippon 0.33 31
A. cepa Sapporo-ki 0.40 37
A. schoenoprasum  Sapporo-zairai - -
A. tuberosum Ooba-nira 0.45 42
A. ampeloprasum 0.38 35

2 Indices represent percentages to the value (100) of a weight
of 100 seeds of A. victorialis.

Table 6. Comparison of cell dimension and inter-
cellular layer in seed coat of Allium

species.
Width of
Species Cultivar dim%ilslion inte‘rg:(lelrular

(X107*mm?) (um)
A. victorialis 801.07 5.68
A. fistulosum [shikura-futonegi  1,390.51 6.9
A. cepa Sapporo-ki 1,553.38 6.75
A. tuberosum Ooba-nira 3,576.07 -
A. ampeloprasum 2,527.59 -

Fig. 11. Morphological structures of seeds.
(A) A. victorialis.
(B) A. fistulosum (cv. Matsumoto-ippon).
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(2) fERahBORRE

TR OMIES LTk b7, MiarhEr B
FobLhl, MRFBOERF s v v=v=27T
5.68um & X FRF v X FILHNT/IEL, M
BEmBoRRd NE ok (Fig. 12),

3. B iE9

REFET OB LR L o kER, OGO L ¥E
HOMAPEHE S 1, BOESIZ3mm EE T
DFFRBIFYIHARTEL , BANTORDE E A
BAVPNE o,

% =

Favor=ve= 2B TRERFBTHD D L2V
BoO—oTHHN, oxFBFHOBT 1 F5
BIZ2@OBFNTEL DI, BTOELTW5
BORFmE D ER L2 Thbb, BFO
W FRERNORKRHESLHRCERT2 b0 L Bb
N5, ¥k, BFOI0KMENKE Lo/ b,
FEZONRE, BHROBR KX E1EEL T35
EEZbND,

BRET s filBoR R UHROES LA ¥ EIF
BB LB TH Y, 6BTERUS AEIAER
HThot, Favor=v=2OBENELNLT
KRB A BRIz Lk, EHECHMMARSRT, »
TMRIAEEL TR STV EIE 55D
EEZDND, F, Ml sflaPB o iI’EK
DR EKELFET L D LBbhb,

FFROZ2 =2 FORE [ OFWLLF
FLAPICHEAET B Y04 X 3 v Dy = v =y TILHE
FHOEOE 22 3mm BET, FEANTOEER
ZhINE Dot CHIE, Favor=v=rs0R
FOMEHE#O—>THB LBbh %,

F2E BEFORF

BTORFEMPHSMZT5C L0k, HEHE
WHENLT BT DEHE L 7 b B &AL o E D
Tiel, EHORHBEA LMD ECLEERERY
BT 5,

AECE, F2vY+v=2v =2 OBTORFEME
2Tk~ %,

I. BFnxIEERE
MR UKFE
HERHEES» BB L cFavSr=v=y
DETEA . BEImor v —VHADAKLE

CIRE L, 20CHERTOLH T TRF I, BER,
#1EOHIEARD OIS F TRIFMNICEHEYT-
720

& g
BTy —VIBREI~2BTEDL AL,
EHRREITCRIWI»ATELL, 2T, B0
~LEHAE DL X, BUWRoERS R, BHF
3~4 BRI 3HBAMERE L, SR D LS 1~2 mm
DEGHIRRIE K LT, FIF BRI, FER
EE»HEREE Ui, 1, B0 RN
HIAERL, FIE, h AZERUEI AR
7ot (Fig. 13A), RF2~JHAMBR T FER
BEGEL o7, TE, » AZROYEES b
ELAN, BoRobmENEL»-% (Fig. 13B,
O, FH4BEBILITEORIRITEALEL
BT, FEHRCI > TR AZOET»LH LSRR
»nabhite (Fig. 13D), HF 6~8 BB ILY
AZEDMENZELL, TELHIAEDODERLLE]L
EOHENBE S (Fig. 13E),

Z g
BTORTBRRBIMbOF*BIFHLAKETH-
73U L, EFEEFCRETLHEESMMMOXFRE
Y TRBRELRTHEDOIERL, Fa v =
Ve TCTREFCELLEGECRVWTLHN1INA%R
BEL, BOTENZ EBBETH T, Fh, 81
EIPHET LI CRIAFEFHR~8BEEZEL, &
DAV T Mo & ¥ BIEIC R TED TER
Z’J;Eﬁ> > fCo

II. BFORFLIRERER
MRRU B X

1. RVBEDEE

MEHT 1988 £ 8 B LA RHE L @ F (T
1988 SEDFET L W8) & v fo, o4tk i3BART (16 B
FMHEE, 2,5001x) RUMERTE L, BES&HIL10,
15°, 20°, 25°, 30C (7L 0CHEHFOR) &
HORFRT, BERBOL KT LAKLL,
FFEROREIIBREE 60 HicfT - 7o,
2. KR, SRRUERICL 2FLBNEE

MENZ 1987458 A EAIREL, 5CEREAT
1R L -ZRET AT I87FE0EF &
B RU1988FE0fEF & A 7o, BE&KMB 307,
10°, 30CHEEKVUI5CE B5CH RERT-%
HebzcBREL, £210, 20, 30 BRERTARE
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Fig. 12. Scanning electron micrograph of seed coat of Allium species (X 350).
(A) A. victorialis.
(B) A. fistulosum (cv. Ishikura-futonegi).
(C) A. cepa (cv. Sapporo-ki).
(D) A. tuberosum (cv. Ooba-nira).
(E) A. ampeloprasum.
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Fig. 13. Process of seed germination.
(A) 1-week after seed germination.
(B) 2 weeks after seed germination.
(C) 3 weeks after seed germination.
(D) 4 weeks after seed germination.
(E) 6-8 weeks after seed germination.

(co) cotyledon.

LB 20CHERTIEE Lic, £, £MAEH
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‘ot (Table 7). BELMHFCOWTE, 20CKR
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Foo KERTIR20CE BCTRAEIREFTEDS
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BHRD B, 10CRU0CTITEREE60 BT

(f) first leaf. (rt) root.
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FOEHRIT 1988 F (FEME) 0BT ERVLEE
B WTHEZTH-7 (Table8), F 7z, 15CE
BCHOLREBEIEOERCISFABTIIEILIC
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L 20CHEDOKIZENT 2 U EDE CFEFRSY
RLTe —F, 0CRUI0C OEBRAE TRREF
EPELET L, EHAEORE % 60 AREM
LB ETR, 0CHEOR IR TREFRI B
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3. EFNIBEOEE .
BRERITC V) VILk Db ThieE L A ERA
Na bl (Table9), % 7z, KNO; ® BA T
BRE AR IZD SR icd - T,
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Table 7. Effects of light and temperature on seed

germination.
Temperature Rate of seed germination (%)*
¢ Light Dark
10 0 0
15 3 5
20 28 56
25 0 50
30 — 0

z After 60 days of incubation.
¥ No test.

Table 8. Effect of pretreatment at low or high
temperature on seed germination.

Rate of seed germination (%)

Yeszéresdof T Period of
production or eetr?g):trrite%r& °8f) pretreatment (days)
10 20 30
1987 20 (Cont.)? 23 - - -
0 5 0 0
10 — 0 0 0
30 32 35 42
1525 — 32 4 94
1988 20 (Cont.)? 443 - - —
0 — 8 1 0
10 2 0 0
30 43 62 61
15025 — 48 74 90

zThe incubation was constantly carried out at
20C.

Table 9. Effect of chemicals on seed germination.

Rate of seed

Chemicals Concentration germination
(mg/D (%)*

Water (Cont.) — 23
KNO, 2,000 12
GA 25 41
50 42
100 28
200 43
BA 10 23
100 18

z After 60 days of incubation.
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oo Elo, R B0 LV, 3, v AXRCRIS
W, DAZBROCERRYRE L8, THELH
E LT,

ROV T, TR S O AR OR
ERREENIZT - T,
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RENEFTHM
B, EMRER O AZBRIREFEEOFER GUTF
FEOZILT) & &bl (Table10), #
, BT IERDOHETIII3.7Tcm ThH-7 Ay, 4
EHOKRTIZ29.4cm & lote, Fh, EHREK
DV R REBRDOER SRS b,

BRI 2FEHOBRTRIETH -7, 3EHD
BRT2EDHNADL N, 4~64FHDORIZIL2~3
HEOMNEL Y, TR AEOLTD LRI,

1S ) DEYEIRBEK L L b ENL, &
CIEDGHEN 3~4 FwwZE L < EmL - Fig. 14,
Fig. 15),

WERREFRIEDE R b hie (Fig. 16),
HAERILLFEE O T26%, 5FB OB T38%, 6

g
1.

100

~~ 10"
ag
£
‘D 1.0
2
o
S o)
001_ L i 1 1 J

3 4 5

Years after seed germination

Fig. 14. Time course change of dry weights of
plants in 2-6 years after seed germination.

FEHOBRTILBBEETFR L LDILEL LBHE
B a7R L7,

2. B%O&ETISNE

1o =X vk s EHMOREBEYEOREE
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L L ! 1 ) )
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Years after seed germination
Fig. 15. Time course change of dry weights of
leaf (—), bulb (----), root (----), and
flower stalk (—+—<—) in 2-6 vyears after
seed germination.
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Fig. 16. Time course change of bolting rate in 2-6
years after seed germination.

Table 10. Growth of plant height, sheath diameter, bulb diameter and leaf area®.

Years after Plant height Diameter of sheath Diameter of bulb Leaf area
seed germination (cm) (mm) (mm) (cm?
2 7.8+0.15 0.9+0.02 2.8%+0.05 1.7+ 0.06
3 13.7+0.22 1.4%+0.03 5.7%£0.14 6.9+ 0.40
4 29.4%0.67 4.91+0.43 10.1%£0.53 90.1+13.65
5 34.7%0.67 7.5+0.37 12.0+0.54 142.0+ 9.47
6 38.1+1.81 7.8%0.30 14.3£0.44 158.6+14.90

zData in the table represent mean £ S. E.
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Growing process.

.17,

Fig

(A) Sprouting stage.
(B) Leafing stage.

(C) Flower stalk developing stage.

(D) Flowering stage.

(E) Difoliating stage.
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3. HRICHITBTEEDME L ABHANDEDBL
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i bhten, EEMMLdiED 8 A Ta,» 59 A
EHBEIR,
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ERRBECENEND L5t (Fig. 18), %
7o, TEZEOEMCITEZAZFIER I hn, B
FEBEIEFELE»SETR T3 A TEEEORKET
L xR o7 (Fig. 19, TEER OTEENZF IEH
AP CERECIT TN TEBELL, BF, ER34ER
LCHE « BTEL 1c2d, TEZEMFem bcmETS
R, BETLHIORBAFEDHF L ko1,

Z = ‘

EHEOAE SEREFHROER HEIr L L bITK
ELlTtoteh, BEEFRI~MFHOKRTETS
ERNEL DT,

BAEMICBWCIBFORFR, HKcETSE
TREREZETLHZ LARE SR T3040 Bl
KRFDRBETIBTORF 2 b 4~5F TREA
B REICERTHI LTI, ¥, &

Fig. 18. A flower cluster and a new vegetative
axillary bud.
(fc) flower cluster.
(nb) new vegetative axillary bud.

Direction of
phyllotaxy
plane

Fig. 19. Positional relation between flower cluster
and new vegetative axillary bud in the
dormant plant.

(fc) flower cluster.
(nb) new vegetative axillary bud.
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FHI~MFARROBEIRE SET B En
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ChiEftox¥EBEDCREFTHYEL CERE
BEEL THMET 508 L, Favor=v=17
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WhERLDHTHE, COLIE, 1 EHCHETHE
Hrdic S BEREOFGARD MO 2 FBIFY L R
B &, Favor=v=/DRELEBEETH
hERDBCERO—DTH B,

II. T84
MERUEE
HREFa v r=v =2 OfREYAVI, 1E
Ma@EL CHEE, Ry L, @l hdRs
WAEPBETSH L L LI, ERETORKEOBE
CLoGTF>FROTEZAFOMNEBRRLYFAEL
2o

Year m—2

b R

1. SFforE

—ic A FBIEM OO EBEOERIBICHK
EPERINEFT LRBRCERI D8, Favoy
=V 27 CRIDOENTEENF 2 2 @R S i
BAEKLIRIBIEPELL E - (Fig. 20),
BEOBEIBDHTENTHHDOT, ARTILEE
DHTOTHLHEBDOBEIZOWTHET S,

Fig. 20. An example of simultaneous formation of
two vegetative axillary buds.
(fs) flower stalk.
(nb) new vegetative axillary bud.

m-—1 m

Aerial part
N
Longitudinal section of
the part of bulb
A B

Fig. 21. Schematic diagram of tillering.

|

C D E

(A) Stage of a new vegetative axillary bud and a tillering bud formation.
(B-D) Stage of growing a new vegetative axillary bud and a tillering bud in the sheath of a

mother plant.
(E) Stage of tillering completion.

(fc) flower cluster. (nb) new vegetative axillary bud. (tb) tillering bud.
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1) DT OFENFR
BFORNBENCE LA CET T5FEXYmEL
T5&, 5F0F (FFE 3m—2F08~9 Aic
EBEFOERTCHER I AL LB D LRI
(Fig. 21 A), 20318 2 B EOFIEAD
e, BREIhANEBEIEKOEFE Led - 1,
(2) DF>FENRERETIERE
m-2FCHRIh S FOFRBELHE (m—1
), EEEOMELEDBACEBFTLIR T

4~5cm iZE L (Fig. 21 B~D),

TREOHE, BEME (m—15F) OFCHEF
BOMMEHTET Lkttt » 7 (Fig. 22A), %
BTV RES A HBRTE T2, Ttk
EHIAIECIT 0 fcfe E e & o 7o (Fig. 22
B, O, BEHFIIHIIZ2~3mm Th-7nd, KE
T 30~40mm &70h, BFEME) kBELT
BIEL: (Fig. 22D),

HFEOSITHET 5H4«FE m—-24) D8 A

Fig. 22. Development of foliage leaf.
(A) A vertical section of the part of growing point in leaf sheath.
(B, C) Leaf bud developmented.
(D) Foliage leaf expanded.
(Ib) leaf bud.
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Fig. 23. Development of sprout leaf.
(A) Leaf bud differentiated.
(B) Leaf bud elongated.
(C) Sprout leaf expanded.
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4
Fig. 24. Stage of tillering completion.
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Fig. 25. Cross sections of the bulb of some tillering plants.
(A) A plant with no flower stalk and no tillering bud.
(B) A plant with a tillering bud.
(C) A plant with a flower stalk and a new vegetative axillary bud.
(D) A plant with a flower stalk, a new vegetative axillary bud and a tillering bud.
(E, F) Case of plants with some tillering buds.
(fs) flower stalk. (nb) new vegetative axillary bud. (tb) tillering bud.
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Fig. 26. Morphological features of the development of adventitious buds from root.
(A) Adventitious buds.
(B) Bud formation on the root (arrows indicate adventitious buds).
(C) A close view of regenerating bud.
(ab) adventitious bud. (br) root of adventitious bud.
(mr) root of mother plant.
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Fig. 27. Horizontal sections of a root with adventitious bud.

(A) Mother root.

(B) A close view of vascular bundle, showing that dividing cells originated from vascular bundle.
(ab) adventitious bud. (mr) root of mother plant.
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30. Time course change of length of an un-
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Fig. 31. Time course change fresh (left) and dry (right) weights of a plant.
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Fig. 32. Seasonal changes of fresh (left) and dry (right) weights in the leaf (——), bulb (----), root
(eeners ), and undeveloped sprout leaf (—s—+— ).
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Fig. 35. Seasonal changes of nutrient concentration in the leaf (——), bulb (---

developed sprout leaf (—+—<-).
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Fig. 36. Seasonal changes of percent distribution of nutrients in the leaf (7>, bulb (EE=), root (I,

and undeveloped sprout leaf
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Flowering stages Floret Stamen Pistil

Stage 1(ST.1)
Immediately after
anthesis

Stage 2 (ST.2)
Inner filament
elongation

Stage 3(ST.3)
Outer filament
elongation

Stage 4 (ST.4)
Dehiscence of
inner anther

Stage 5(ST.5)
Dehiscence of
outer anther

Fig. 42. Morphological details at different stages of flowering.
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Table 11. Time course changes of flowering
stages.

Time Cumulative Frequency (%)*

Date inaday time

(hr) (hr) ST.1 ST.2 ST.3 ST.4 ST.5
19 June 20 0 100
20 June 8 12 2.0 8.7 93
12 16 59.5 23.5 17.0
16 20 3.0 13.1 4.4 45 2.0
20 24 1.0 115 5.4 60.7 11.4
21 June 8 36 4.7 7.7 5.5 31.1
12 40 2.3 38.8 58.9
16 4 32.7 67.3
20 48 2.7 67.3
22 June 8 60 30.6 69.4
12 64 9.3 90.7
16 68 7.0 93.0
20 72 100

* Flowering stages are described in Fig. 42.
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Fig. 43. Changes of style length according to

flowering stage. Flowering stages are de-
scribed in Fig. 42: immediately after anth-
esis (ST. 1), inner filament elongation
(ST. 2), outer filament elongation (ST.
3), dehiscence of inner anther (ST. 4)
and dehiscence of outer anther (ST. 5).
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v 2B IS%TILI0 1% ERETH -1 (Fig. 44,
v oa BB R 20% A Bicfe B E BRIERITE T TS
RS ZR DI, 0% TRFEENRD SN -7,
EBEOHRRELIFEFOEREZTRL, ~aB15%T
RLRIFTH-1H, SHLIBENGL D LHR
DS B ERRRED bR,
2. BEOFE
5CTHREFER0.1XTH-1edd, RENEL
mBEEEHAEL, 200CT73.1%, 25CTILT75.4%
Te—2%RL, 30CTIRLRETL T68.4%T
H ot (Fig. 45), ¥, 0CTRRERFRIRD LR
ot TEMEOME RXSCTIRIT.Tum T
Botety, BENREL 25 LEEMEEZ N, 20T
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Effect of sucrose concentration on pollen
germination. The solid and broken lines
show the percentage of pollen germina-
tion and the length of pollen tube, respec-
tively. Pollen grains were incubated on
1%-agar medium and kept at 20°C for 4
hr.
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Effect of temperature on pollen germina-

tion. The solid and broken lines show
the percentage of pollen germination and
the length of pollen tube, respectively.
Pollen grains were incubated on 19%-agar
medium with 159% sucrose and kept at
each temperature for 4 hr.
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Effect of boric acid concentration on pol-
len germination. The solid and broken
lines show the percentage of pollen germi-
nation and the length of pollen tube,
respectively. Pollen grains were incubat-
ed on 1%-agar medium with 159% sucrose
and kept at 20°C for 4 hr.

(942.3 um) TE¥— 2 %7R"L, Fhll R s &8
FHE 2 1 30°C T2 661.9 pm TH - 1,
3. KRIVEBOF
R UMDY E L Fig. 46 T &8 b, W
LB A REERAPCE - Kb A bhk
2, BRI E XFEERZEZRD LN o T2, TEH
BOMEC OV TLREBEOEETH -1,
% =
ATRF R U i & ol 3788 o
BK & BB ORE L R U e X b RBF
CHELUEEENART S kb, (EHoKECE
B aEofEEEIIEETHE, Favdr=avs
Z7ERNTh v a BERENRTFRCKELEEBLR
EL, I5~20% 1 RFCRTFTHotz, T, BE
oW TRFa v v =V =7 DEBORFIIT
200~30CHBAL T 5 & Bbht, =K, 1EBHE
DHEIIL20~2BCHREF THote, v alELF
B, TEROREROTEHEOMEXRET 5778
L TEBAAERB Y ENT A APMb R TE
h, FFREFEMICOLTILE <2 FOTER ORI
ANy AN KGR O N LY VA DRI
BRI TH S LBMEINT VB, —BRITEN DFF
RrED D DI R v BAERENT S 2 &4
BATWAENS Faydr=v=7ZBV TRk
TERERINT S T0~T%DRFRENELNE 1D,
AEDrvBOPRIZGEALRWEELZDRD,
III. TERRORTER
MRRU B
FBHEI. LRk E Uiz, TEM o FrBIR B 3207,
5, —30°, —196CD 4R ¥ &I}, —196CI D\
Tz 5441472 (WHEATON #5) wAin
THREEFEFCTHR L, {EROREFROTEMED
HEOREIHEMEBEIOAIEITRSAI LK,
FRUBIZ1I AT fTot, i, 20CTH
BLATER > CREBE 1 BRU 3 ACHAE
BTl AEFERI. LRABEE L, BEBREHEZ
> a$E15%, + B30 ppm HERHN L 7o R
(EXR1%) AV, 20CTARBERYT - B
CEREL 7o,
& ]
BT BRIARE DL O FRFRILT73.6%TH - 7 b3,
20C CHB LAEM TRl HET19.3%, 3 HET
6.9% & BBIETL, 5 BB IR 0%E ot
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SCTHRLAEIEBISERCRIISBTH-
25, 10 AR B RFRN 24 8BET L, £
%, A& TOEAAA SR 30 BEZX13.4%
Einh, 2 ABCERFIRD LR, o7, TE
BEOMRIIETR S HEICERRE T Licss, £0
BAxREERSIIED o T, —30CTHRELK
TERIER A A% E CRRBER 0% 2R,
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Fig. 47. Effect of storage temperature on pollen
germination. Pollen grains were incubat-
ed on 1%-agar medium with 159 sucrose
and 30 ppm boric acid after different
lengths of the storages at 20C (—»—-),
5C (oeeer ), —30°C (----), and —196TC

5~6 AR 50% B RE T Lzt LK
B R L bhich i, EHEOHRER, 14
BB THIBREBEETH 7, —196CT
B1IFEBTE T RFRLT0%L LT, A
TRERFE bR T & A EBLBR LR, TERE LI
BHERL LR L (Fig. 47~49),
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Fig. 48. Effect of storage temperature on pollen
tube growth. Pollen grains were incubat-
ed on 1%-agar medium with 15% sucrose
and 30ppm boric acid after different
lengths of the storages at 20C (—+—-),
5C (eoveee ), —30C (----), and —196C

Fig. 49. Pollen germination preserved in liquid nitrogen (—196°C) for one year.
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Z =

BB OB, BERFEOIEY OMfEEETE O
R HEH TR T ABECEECTHD, MANN.
WOODBURY®™ (%, # < % ¥ CTIMEMTRAFHEL
FRT 5B TEROBIEE e o BT D
HENCKELSHEBLRIFTZLob, TEH DRI
ROWERPEECHHZ EEBRT5, ¥, B
E (20C) HETROBECHE 6 A IRIER
BORITIenTeZ EHRELTDH, Favowr
=V 2 7IEBGTY 20C TS AT 0% &
Ttot, 2D LI, Favov=v=2DERHD
FRNRE 2 FLABCEVWI EXRLTEY, &
PEch i Y I R+ 2oy, Bgbsto
SEEERETHLENRD B,

—RRCTEM O E LT, KR, KENE
FTH DI &N T LI6445076788D 3 7
TEOF TILE ~ 3 FOTEMIER TR IIICREF
ROBTHBENERBIR TV 512 % 7-,
BEE & FRRICIES DakKENFREB ORIFRICAE
CEERRIFTZ ERRE IR T 544519 KL
T, WTFhoRERSWVTLBEESETHEY
Totdd, BEEOBERSCHTE IRt T,
—30CH 5 3—196CORFEEZRFIITET 5 =
X 0 1FHRE, TEHOREFRROTEHEOMEY
oz EMFREL e otc, & D b REHIEE T,
—~196C RHEEFR) OBERIELTH D 2 & HH
binkisot, BERT I ZTEHOEHBOEE
1, Fab 2430 T TS N D g
D L BCTHILTEY, Fav o=V
=7 THIEM ERMBEIFIAT A L AaTRE L 2o
oo

EoERENS, Favovy=v=r0EEN
TR OSSR LMo T hy, Thbons
BeaFBT 2 LTCHavPr=vay LEEHO
REbsifE L OO BR L), THEELED
LRIz LRI NS,

£1E EGRECHTITERR

Favor=v=s OBREKCIBE TN LR
BN D B0, BiEIRBKICES T CRH»E
L, BEIEHEDEINE G, £ T, EBESEE
RICHTAZ IR L b, D X RIS
TEBLBbhb,

Fte, BIBEBCTRMSREFENST5 2

L ERATH, in vitro T TROBESLED
BERYBN T LEEETHEIEELLND,
KRBT, EBENSOEFEDOHRE in vitro
B D ONEFEOHBIC O Tk~ 5,

1. EBHSDSEHIE
HEREUFE
1. SIFEOEMICRITT BA RU NAA OFE
HEEFas ooy =v=r0fBEYREG, Z£H
FETEBMEMS (EL 1mm) 2R L, MSE
O Z o a BE20g/l LERTg/I HEGML, BA
(0, 1075, 10~*M) & NAA (0, 10-5, 10~*M) %
HaGbhE B BIR L, i, FEHI25T,
4,0001x, 16 A EOLEGETTHV, FAEIIEE
16 BRBICSFETEE, 1IMERY ) OHFH,
FWEFOH L ABERIC DT T -7
2. ZFEFOWRICRIZTT BA RU 2,4-D N
MHEOFREATERUCERESHF XL LEAKEL,
A REFAMYEE L TBAWO, 107°, 10*M) & 2,4~
D (0, 1077, 107%, 10°M) * i\ 7z,
3. DEBIE L - HFOTRERRICRIT TR
AR nE
MR IX2. 0 BA10*M & 2,4-D 107°M %% fn X
NHB LN SEEL RV, BEE16ERBRICY
FhGEIL, BA &2, 4D ic MS £
HMIZBBEL R, ki, MMOBBELRERL. LRAKE
L7z,
= g
1. SFEOEMIZRITT BA RU NAA e
BE OEBRERERcAV-RERO L o EE
Eh, PRTAERBLBEICLITREFOESE
(LUTFTEFFER) &7z ofc (Fig. 50),
SHEOHEER L, BANLW MU EHRME i
KTd—2oD0H5 Bk & 50%LL L & 75 -5 7 (Table
12), 14HEE2Y b ohZFEH T BA 10-°M HinXic
BT BA 0*MEME T4 <, #ic BA 10*M
& NAA 0SM IR Tz 24 8 & & & % 0 - 7.
HB 2 BA I0*MEMX TRRED bh b o,
B A TEERBYE XML CBE TR E R
7%, BA 10*M & NAA 10*M ¥in[X ¢ i s
WCHFET A Db A bic,
2. BFEOTHIZRIZTT BA RU 24-D O
SHIEEDOHEE L, BA 10°M &K i e~ T
BA 10*M HMX X BIFTH -7 (Table13), %
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Fig. 50. Bud-multiplying body formation from a central, internal tissue of a bulb in tissue culture.
(A) Primary formation.
(B, O Further development of a multiple shoot.

Table 12. Effects of BA and NAA on bud-multiplying body formation of apical-meristems
tissues cultured in vitro®.

Rate of Rate of Rate of
BA NAA bud-multiplying No. of root callus
body formation plumules formation formation
(MDD (M) (%) (%) (%)
0 0 0 — 62.5 0
0 10-° 7.7 2.0 53.8 63.6
0 10 11.1 5.0 0 90.9
1075 0 52.6 . 7.7 10.0 20.0
10-3 10-8 50.0 8.8 27.3 44 .4
10-° 107 57.1 1.8 7.7 76.9
104 0 50.0 13.4 0 50.0
10-¢ 108 33.3 24.0 0 70.0
1074 1074 66.7 8.5 0 57.1

z After 16 weeks of culture. The media contain MS medium, 20 g// sucrose, 7 g/! agar and growth regula-
tors shown in the table. Culture was carried out under conditions of 25C, 4,0001x and 16-hour day
length.
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Table 13. Effects of BA and 2,4-D on bud-multiplying formation of apical-meristems tissues
cultured in vitro®.

Rate of Rate of Rate of
BA 2,4-D bud-multiplying No. of root callus
body formation plumules formation formation
(MWD (MD (%) (%) (%>
0 0 0 — 58.3 0
10-® 0 33.3 8.0 33.3 0
10-° 1077 57.1 7.5 50.0 0
1078 10-® 42.9 22.7 28.6 0
10-s 10-3 30.8 20.0 7.7 23.1
10+ 0 73.3 23.2 0 0
10-* 1077 91.7 28.3 8.3 0
10~ 10-¢ 50.0 44.3 0 35.7
1074 103 7.7 10.0 0 38.5

z After 16 weeks of culture. The media contain MS medium, 20 g/{ sucrose, 7 g/! agar and growth regula-
tors shown in the table. Culture was carried out under conditions of 25°C, 4,0001x and 16-hour day

length.

Table 14. Effects of BA and 2,4-D on morphogenesis of plumules which were induced from
apical-meristems cultured on a medium without growth regulators®.

Rate of Rate of Rate of
BA 2,4-D bud-multiplying No. of root callus
body formation plumules formation formation
(M) (M) % (%) (%)
0 0 0 — 42.9 0
10-5 1077 46.7 8.2 13.3 0
10-® 10-¢ 13.3 7.1 6.7 6.7
10— 10— 0 — 0 71.4
10~ 107 20.0 8.3 0 20.0
10 10-° 46.7 12.4 0 6.7
107 10-° 50.0 14.5 0 21.4

z After 16 weeks of culture. The media contain MS medium, 20 g/! sucrose, 7 g// agar and growth regula-
tors shown in the table. Culture was carried out under conditions of 25°C, 4,0001x and 16-hour day

length.

fo, 2 4-DEENEL RHBEMRRREL A AE
B L, 1 AMERY b o5hZFEH L, BA 100*M
£ 2,4-D 10-M BN T 44 3 & T £ o oo
A A ZEBA10M & 2,4-D10~°M K 0° BA 10™*
M & 2,4-D 1075~10"°M DOE X TR AL b
ey, WFRS 0BT THh -7, FBRIXAE
RRASHEERNE DR S B2 - 1,

3. DEFSHE L HFORERRICRIT T BiERL]

HRNIE

2. EBTELhEEFEETSEBE L Z
%, BA 10-°M & 2,4-D 10"M & 08 BA 10—*M
L 2,4-D 10-5~10°"M #iIMEX Tk, & HI$hIFEH
W X hi- (Tablel1d), 1 AHHEMAEY b OYZER T,

BA10*M & 2,4-D10~10"M %X T2 10 18
BEaxabht, v 20OHEEBIITIBA 100°M &
2,4-D 10°M BEMK T 71.4% & &2 fo iE 2 1%,
WThd 0% EBETH -, BRRIIERERGY
BEGMXCRIFTH Y, HBLIHF Ik &
LTEIbd % 2 EANTRETH - 72,
Z =3

fboo & ¥ BIEY T IEEE M b O/Hbr S
ERTNHHPILBISTIOF 3 7 2y = = 7 K
WTIEBE NSy 2 — FERERT A AR
e

BEMRIIA —F v EFA AL = VOB X
DRI s, BIC BABEXSVWHBE IS
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Fig. 51. Plant regenerating process from in-vitro-cultured tissues of root.
(A) Enlargement of in-vitro-cultured root tip (arrow).
(B) Callus induction from root tip enlarged.
(C) Adventitious buds differentiation on callus.
(D) Plant regeneration on the medium without growth regulators.

BHEahi, 14MEGY 0 OHFEX L BABEY S
{TeBEHE->TEL ey, BFEOTBIT 1 b
B2V BEBOTCEETHLIEAHALNER
oo Ffo, A—FoVvELT24DEHVESES
ik, NAA RGBT r v 2{bhid i
<, BEETEFEIHUHR I N,

v a— } OBSLBED bhBE, £EESY
BERMOBHICHBEL CHRB IR 5 HERIREX
FUT U B HR22ALBRI0D 3 9 iy 5y =y = 2 d8 T
LRBERCI VBRI, RPN EE
IO BETA - L1tk W RIB L, SiEpE
CHEXRDLZEDFARETH 1, 7, BBhie
FEYEOCEL ISR BET o LicX ), B
AL FETELLLELNERT,

Favdy=v=7 I IRKRCESE cCOHEIREY
ZEBMBR TG, HBEEEEBECHI LK
I ) KEBEOTEER RS S h, £FHMOERE
ZhICHATE b ELEZDLRD,

II. BHrLOFREFHH
MRRUFE

HHRFavor=v=ys0@BFrHA, MSH
Wiz a B 20g/l RUER Tg/l L ,BA (0,
1076, 107°M) & NAA (0, 1077, 107%, 10-°MD %
HAEHEBHCBR L, 7ok, BEi 4,000
Ix, I6BEHBEROEET CTTofk, E2ETHX
i, BFoORERIWCHILEHFTH -
T ELBEERI M I TRIEREEY 20CE
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L, DI 25C & L, HERETHEF 6~8 A
B, FELHMEBFATEX ORI OWT
Tote ETt, BOMBENBEEL 574 VK
HERT A2 12X DT o7,
= g

BFHF 6 0 A% BA % 100°M B U 107°M %
LT, Bokmiflis BT s8R 1 HE
Ehte (Fig. 51 A), BF R385 B #1232 BA
107°M B O NAA 0~10"°M K3\, JEX
LEsBoRBrokiko 4 2 8BRSt (Table
15), #AAOERFIESHTHRRRD Y, BES
TH -7 (Fig. 51 By I HIEERFEITLETAH,
WREnlor v AL bBREFHRF LA (Fig. 51
O

i, BALKBOERRBRERL, » 1A%l
BFINEELTT B EE DL LB, NAA
107" ~10"°M HINX TR E R REF RO H
oW EL, ARFHEYEES IO MS B
BT 5 Lk b IR AT bie (Fig. 51 D),
BOEBOR L IMlCzF L2 RD bhicdt, »
HOTBHBECH T, EEORMTIERY AL
N, BEINLEY S OHEIEEL 1, B
FOIIC IR R O 7 & DMER L L LRI

Table 15. Effects of BA and NAA on growth of
in-vitro-cultured tissues of roots?.

BA NAA No. of No. of roots No. of calli No. of shoots

(M) (M) explants thickened®  induced differentiated
0 0 12 0 0 0
0 107 9 0 0 0
0 10°¢ 8 0 0 0
0 1078 10 0 0 0

0 0 7 1 0 0

10-% 107 15 3 1 0

10-% 10-° 7 1 1 0

10-¢ 10-° 7 1 1 0

10-° 0 7 4 2 1

10-° 1077 9 6 5 4

107 10-® 11 7 5 4

10-% 10-° 5 1 0 0

% After 8 months of culture. The media contain MS medium,
20 g/1 sucrose, 7g/! agar and growth regulators shown in the
table. Culture was carried out under conditions of 25T,
4,000 Ix and 16-hour day length.

¥ The thickened root stands for a root more than 5mm in
diameter.

2, FAN IR AR b e o o, IEKES
TRETENSSHUL P EER LB
BoTkh, BB B LMoL s
HRER L LRI,
Z 53

TEFOSMLICIEA —F v EF A P A =D
BELIEELRIETCLEABREI A TS
DAL BA % 107M R UV 10SM B n L 2 X Tk
FEFRIF 6~8 AR ITBOEETS AELL, &
HIZNAA # 107~10"°M I L - K TR A L
RORBHASAREF G UIC, —77, NAAE
WIS TCRIAREFOFIR AL hicho e &
b, BrboREF 05k NAA & BA 0
BRI viRZ B30 EBbhb, Z0OBETH
BEnfcpikoy v A 3ECEERREYE L, i
E, &< OWEPETHE Eh TV 5 embryogenic
HAACEYU LR E V2B, T, TNEF oD
Zida v A RRRETe, BESMLT2REELED
bht, BRI EREFIARAHYEERNO
MSEHIZBETIZ LIt X b RIBLELA, Zhid
WS TAHEREFARTH - T

in vitro BEEBOHEMOBE L, REOHH LI
BB, R EEBOMB RS
b, TLLTESDPKTORK L LTOBEND S
MBI i pityo BERIB O KB OB AT E
INTRY, FEFEEOSMBETHS Z L1HED
bhic, Tio, BOLEICIIKRER OB & Ot
FEBRT 8BRS bR, BN AR
DL T o

IEX#G OERROCEBCIHER» LA LR
HREAIRA Y, B ERB TSR L Ml R
SERER B b, TRy 2 ) T, HARD
5 DREFE OSBRI B\ CEa & OB
BRDTEDD Faror=v =B THIB
DIEXIC 2 b - D ESEITEF OHbiIT
BE+ A0 EZLND,
PAEDRERMS, in vitro 1w\ T Bk & B
CF¥a2voy=v=7 ORPOTREFHIEELINS
TERBELNER ST, BRI in vitro 5B D
DAREF L, WEMCHEE Lclilarbobds s
#ZExH, BA10SM & NAA 1077~10"M DR
DPIEFOMBRICBIE L T2 L& 2 bhis,
BERFOBIETNEFENBR END 2 L b OEY
TIIERE ZFL T\ B HAIS2428567790) 1 & SR b i %5
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WTHFHERL LR, ROGAEHORESLE
PEWIERFavor=varsoEgEBbh
%o

B8E FHELIcREY > EBRN

MEITEFELTCFavor=v=sDEYL
LCotERicowTili_ich, BohicamRAzRH
HZEATHZ L@, BEEEREITALDIE
EThbB,

RETIE, BHCBELIBEOBTORTF LK
BEEBRPENVT B0 B4 R #FH
L 7= R O WTREME I oW THRET L 72,

I. BSICERYEE L-BFoHRSF
MERUFE

MERFavTe=v=y0@EFHAL, 1988
F£8 A 10 Bt ERFEFTHMBES TR R
BEL A, BEEX50cmXx50cm @ X & i< 400
B, 1,200 8% 004,000 80 & UCERBL 3K & BE
18 10 cm D& (BEE 0N ORDL) D& 4
RuFTic, M ECFEOB N -BEERIFLL,
FELTRFRLE I EOHER >V UERBNCE
BEfTo 1,

5 R
Fig. 2 kBT #BEB BRI BE LB EORYF
BED 1 HIERLIY, BEBESCEENE (BB
L&) CXAPERERRDLRIEI 5T, &K
ELBEROBEISREFIRDOOI, BEI»
AB R FRERHO0R L eofo, T, LR
CEFEEOBEMLBRD LN, Z OEEIBEEN
HWRIEBHNT I hPHET, Rt b 80~90%LL
LORFERBFED LI, BBCHEELZBEOH
1EZEoHER, BELA-B2ECHE I (Fig.
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Fig. 52. Seed germination sown in field.

L |

Fig. 53. Seedlings grown in the plot at high seeding density. All leaves are the first leaves elongated in
spring.
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53D
4 =

BFAASICROB/E LEEGIR, v v—LiT
BIBHRF ERBCRER W BELS TES L
CHIAEGERRD LRI, BEI»ABKEY
60% DEE M B oy, FFHRc EcHh
TWEE LS5 L EEORFRIISEEVH D
BRI, 2B THRNILISK, Favde=
v = 7 BFORFIC3ARIAESLER i0ENE
HTHHY, EEETH OB ETIRHIETOR
FiB L RBREEFIA. Thbb, BULRFE
ARBHLILEHBEE LT, SA0EREYEALK
BeRFRROEWEERCEL-ZE L, BED
HERICL2HEPKECbDLEE LD D,

¥, BEABRCRFBEEOEMRD LRI,
CHITBEEAICER b e E 1 REE) »
SEO LR - THEL, MEcEL DR
Hh b,

—RIEF a2 vy v = 2 BETFORFIREETH
HEvbhTwah, ERCRIFRBLT-> T
& B fe 4 F U3 80~909% Ll o FeFE AR
bit, 2oz L, ERE, BFEHE TSR
BTEhI e TrL0ELEbR%,

II. BEMICET2BFORFLRENER
MR RUF® :
MEE3Favor=v=y7 0T %2/, 1988
F9 A 24 HicdtBE K FREIH )5 EE
HAD 2 HEBREK (BEJ7R & AGEE)T B L 7= RHE)D
L7 (¥, UToXETRE&4«BHmE, b
FERE L), BEEIEK & $ 50cmXx50cm
DR EIZ# 1,000 %7 & L, 1989~19914E @ 6 B

CEIFR, B, EHMERO D AZRECOWTHEE
B fTotc, T, 199146 Bictka i b BF, 3
HREROEELTHE L, 3, HAE, Hio
WTEMBEAIE Ule, EERCER 0FERS
W, Bhosere s s VEFEYHIETALICE
H ﬁ bl fCo
b 1)

1. BEFORFERULEE

WX & HBETE (1989 F) I IXRIFRH 40~
60% TH - 7chs, B IFEHIBED LI EEIY
0% TH - Te, BEBECIIFEHTOEEDOESL A
KE DT BmsE, BoRXAEITD ORI, -
oo B2 EURTIAKX L SFROEBL LI
SR LA, BTk 3EEOEENIARIE
CHARTK&H -7 (Fig. 54, Table 16),
2. EEE SYERUVERE

EmF AN BT 2 EEABERIEIC T
B2 ERE ok, BHEIIIENE L RFICE
FHEE B TEE L EEAEMNE TR E
L, BROVAEVNEDESEKROHNNNYS R SDi,
EEIFERECRT 2 REQENILAEMNE IZ T
B, EForer 74 L EFEMERNEOEED
¥ENE )7 (Table17),
- E &= .

MERACEREL -BFCEHRK L b 40~60%D
RFRNFDLNIZ L1, CThIETFORFK
BLEBREBEU T LI EERTIDEELLN
5,
REDOLEFTRHK L HBEROFHROLHELE LB
WHEL, BHMEROCYAERNIAES hokeh, E
HESCEHEOHE AL HHE LML 51, BAHE
TOEPEOERENKE L, £BTHRELHFD

Table 16. Comparison of plant height, sheath diameter and bulb diameter at two different
kinds of sowing plots in landform?.

Sowing plot

Plant height (cm)

Diameter of sheath (mm)

Diameter of bulb (mm)

Years of growing

Years of growing

Years of growing

1989 1990 1991 1989 1990 1991 1989 1990 1991
South slope 10.5 11.2 13.6 1.0 1.5 1.7 2.8 4.6 4.8
0.3 0.0 0.2D .01 0.0 0.1» 0.1 (0.2 (0.1
Northwest slope 7.0 7.7 9.6 1.0 1.0 1.3 2.6 3.3 3.9
0.200 (.25  (0.300 0.05)  (0.04) (0.08 (0.1 (.12  ©.09

2 Numbers in parentheses indicate S. E.



154 JLEEREEFHIANE H18%E H2H

Fig. 54. Seedlings grown for three years after sowing in forestland.
(A) South slope.
(B) Northwest slope.
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Table 17. Comparison of leaf area, dry weight and
concentration of chlorophyll at two
different kinds of sowing plots in

landform?.
. Leaf  Dry weight (mg)*  Concentration
Soxlag{lg area ————— of chlorophyll
P (cm®) Leaf Bulb Root (ODsso)

51.9 150.0 63.4 1.02
(19.6) (56.5) (23.9)
Northwest slope 5.9 14.4 46,9 355 0.36
(14.9) (48.6) (36.5)

South slope 14.6

* Three vears after sowing,
¥ Numbers in parentheses indicate percentages to the value
(100) of total dry weights at each sowing plot.
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Summary

The present study was carried out to clarify mor-

characteristics and growth habits of

Allium victorialis L. ssp. platyphyllum Hult., and to
obtain basic information for practical cultivation.

'The experimental results are summarized as fol-

lows.

1. Morphological characteristics

1.

&

1L

—

The seed is globate in shape and its surface
appears to be smooth. The weight of 100 seeds
is larger than that of other Allium species.
This is due to the fact that A. wictorialis has
one large ovule per locule and a thick tissue
layer inside the ovlule, The cells on the sur-
face of seed coat vary from tetragon to octagon
in shape. The embryo is approximately 3 mm
in length, and shorter than that of other Allium
species. The cotyledon is similar to that of
other Allium species in shape, and exception-
ally to the genus, relatively short in size
(approximately 1 mm in length) .

The adult plant has sprout leaves with sheath,
The plant at

bolting stage elongates flower stalks, and then

and lanceolate foliage leaves.

bears an umbel of flowers at the top. The
apical meristem is on the basal plate tissue,
and differentiates leaf primordium and flower
cluster buds.

The number of florets per umbel is least in
the genus, and the flower stalk is rather short
when compared with other Allium species.
The inner perianth is larger than the outer. It
is lanceolate or oval, and flat in shape, while
the outer perianth is slender and curved. The
ovary is bigger than in other Allium species,
and its shape is clear-cut. Generally, only one
ovule in a locule develops into seed.

The pollens are oval as usual in the genus and
the largest among Allium species.

Seed germination

The optimum temperature range for seed ger-
mination was from 15° to 25°C. The percentage
of seed germination was highest at 20°C in the
dark.
tial germination was noticeably slow, and start-

In contrast other Allium species, the ini-

ed after approximately one month of incuba-

2.

111

—
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=

tion.

Seed germination was at a high rate when the
seeds were pretreated at high temperature
(30°C) or alternating temperatures for 20-30
days prior to incubation at 20C.

No chemicals available for enhancing the ger-
mination were found, but an application of gib-
berellin was slightly effective.

Growth and tillering

After seed germination, the seedlings gradu-
ally developed into adult plants in years; espe-
cially, the rapid increase of dry weight, leaf
area and bolting rates were observed through
the process.

In early April, two or three sprout leaves
appear from the bed, followed by two or three
foliage leaves which rapidly expand and then
shrivel from August through September. The
leaf bud in bulb
differentiates autumn, and the foliage leaf bud

undeveloped sprout
is formed in the following spring. The bulb
gradually grows until the defoliating stage, and
the undeveloped sprout leaf bud continues to
elongate throughout the whole growing stage.

Flower clusters are initiated from early
August to the end of September. Soon after
the beginning of flower cluster formation, new
vegetative axillary buds are formed at the base
of flower stalk.

Tillering of A. victorialis has two systems;
formation of two tillering buds at the base of
axillary and formation of two vegetative axil-
lary buds at the base of flower stalk resulting
in tillering bud formation. Those two kinds of
buds differentiate in autumn, and then continu-
ously develop in sheaths during the following
spring and autumn. In the next spring, they
grow to expand foliage leaves.

Adventitious buds formed from root tissue
This vegetative

develop into adult plants.

propagation is a unique system of A. victorialis.

Seasonal changes of nutrients
Fresh and dry weights of a plant increased in
After the elon-
gation ceased, both fresh and dry weights
diminished slightly until September, and then
increased again until November.

proportion to leaf elongation.



B FavTr =y O REBEROBELCBT 5 EROPE 163

2. The amounts of N and P per plant increased
from April to August and thereafter remaind at
this level. K and Ca contents increased from

April through June, and gradually decreased

with the withering of leaves. These results

indicate that the plants actively absorb nutri-

ents during the period of rapid growth.

w

Each of the elements above was most abun-
dant in leaves at the stages of sprouting, flower
stalk development and flowering. According to
bulb maturation, the elements were translocat-
ed from leaves to the bulbs and roots. The
amounts in the undevelopmental sprout leaf in-
creased from June through November.

4, A. victorialis contains the largest amount of P
among Allium species.

5. Reducing sugar was distributed in leaf.

Nonreducing sugar and starch were transferred

The

amount of nonreducing sugar and starch was

to bulb at sprouting and leafing stage.

largest at the dormant stage.

Dormancy

1. Dormancy was induced at defoliating stage,
and remained until next spring. However, it
gradually disappeared from autumn to winter.

>

Storage of plants at low temperature could
break dormancy: a comparatively long storage
at 0" to 5C was more effective for arising from
dormancy.

VI. Characteristics of flowering and pollen

—

Flowering process is similar to that in A.
Sfistulosum and A. cepa. When the perianths
begin to open, the filaments of the inner sta-
mens elongate and their anthers dehisce ; subse-
quently, the anthers of the outer stamens dehis-
ce. After the dehiscence of anther, the styles
begin to elongate.

2. Agar medium with 15% sucrose and the tem-

3.

VIL
1.

oo

3.

perature range of 20° to 25°C are the optimum
conditions for pollen germination.

A comparatively high percentage of pollen
germination (70-85%) was obtained after one-
This
suggests the possibility that mutually successful

year storage in liquid nitrogen (—196C).

cross among Allium species is due to the lon-
gevity of pollens.

Morphogenesis in tissue culture

The explants cultured developed into a bud-
multiplying body (cultures with multiple adven-
titious buds) at high concentrations of BA.
Using of 2,4-D as auxin was more effective in
enhancing the bud-multiplying body formation
than NAA. The frequency of root formation
was high in treatments without growth regula-
tors.

It was clarified that the transfer and subse-
quent culture of plumules formed on the bodies
made the bud-multiplying body emerge more
frequently, and that acclimation of the bodies
could regenerate a large number of plantlets.

Adventitious buds from roots could be induced
through in-vitro culture.

VIII. Application of fundamental technique to
cultivation
1. A high percentage (more than 809%) of seed

‘germination was obtained by sowing seeds in

the field immediately after harvesting. Thus,
propagation of A. wictorialis by sowing seeds
seems to be a useful method for the cultivation
of this plant.

The seed germination rate of 40-60% was
obtained by seeding in forestland. The fact
suggests that, though sowing a comparatively
large number of seeds, A. victorialis can be suc-
cessfully cultivated in the forest.



