00O 00ODioscoreaalata L. O O OO OO OO D.
opposite
THUNB.O OOOUOUOODOUOODODOODODOOoOOOOo

mEN gooooo
ISSN 18828434
oo o,0o
ooo,od
oo,oo
go,0d
oo goooogodd
0/0 3010
Ooooo p.6-12
ggoono 20100 60
00000 oO0o0ooOo0oUooOoUoOoOoUooOoUooO eA‘ _
Tsukuba Business-Academia Cooperation Support Center, Agriculture, Forestry and Fisheries Research Council @ Ut INnow |309"-'

Secretariat



BRI 3(1) ¢ 6 —12, 2010
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Effect of Day Length on the Development of Bulbils in Water Yam (Dioscorea alata L.) and Chinese Yam (D. opposite
Tuone) Shuwan CHENY, Hironobu SHIWACHI?*, Atushi SANADA? and Hidekazu ToYOHARA'  'Graduate School of Agriculture, Tokyo
University of Agriculture *Faculty of International Agriculture & Food Studies, 1-1-1 Sakuragaoka, Setagaya, Tokyo, Japan

Abstract The effect of the day length on the development of bulbils in Chinese yam (D. opposita) and Water yam (D. alata)
was investigated from March 2007 to January 2009. The initiation of bulbils in either species was not affected by the day length.
However the time of bulbil initiation was different in Chinese yam and Water yam. Bulbil initiation in Chinese yam occurred
earlier than in Water yam. Comparison of the time of tuber and bulbil development, showed that bulbil development occurred
later than tuber enlargement in both species. When Long-day treatment (24 hrs) was applied after the solstice, the enlargement
of the bulbils was inhibited in Water yam, but not effected in Chinese yam. The photoperiodic sensitivity of bulbil development in
Chinese yam was lower than that in Water yam. Tuber development in both species was related to the photoperiodic sensitivity.
The bigger bulbils as yam seed tubers developed in Water yam on Miyako island in Okinawa prefecture. Early planting (longer
cultivation period) without stake cultivation may result in larger bulbils for seed tubers in Water yam on Miyako island in Okinawa

prefecture.
Key Words: Photoperiod, Propagation, Tuber

#

Y /4Ry~ 4 EE (Dioscorea spp.) DI
Mg, HRICSR 500 ERHISh, ZOEL BEERT
HEEIZAML T B, —MXEH-omT 5
(BN, 1988; FFE, 1966). ZD A, TEHEELEINS
ERYLLELHEN, We0TERA ERLITEE
AELTRIAL TS,

Y o4 BIIMHERKTH DMK > TREFEDY
5%, I X - TIHFETORMIMED TR BFISH
$Thy , Z-BTHROEMOEE IR T
b5, FTOZHEHEIINEL ZHEO-FEEE &
UTHIHT 2 REBEMN I WwWik) 23frbhTu
% (Orkwor et al., 1998). LA, L, ZOFETIE, I
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A EON20~30% EHFEOEHEEL LTHOS &
WEEET, BEIX BB E3ERE LTV
(Okoli and Akoroda 1995) .

Z2ZT, LA TREZREETEFHAE D
opposita) RV F VY a (D. japonica) TIX, LHh T
% 1EBR L THE/IN EORMBEIC & 3 TEEEENR
Ao TW5 (B, 2003). &4 TEEROERETE
ROBNA EORREBLTE B1EHh, v A LIk
DREEY X752 2%, Awkmnrzy (HH,
1988). FEAMA SWBIRIC B TRE A HEE T
CTREDOXA Y a (D. alata) BT 3, £LERE
DERHPLRBEDRALE, HFEOE L E %K B HED
—DELTCLATONARELONS A, ERLEh
TWikEY, A4V aitidshTERERT 2 0E - JR
BHHL00, THIIEL T AEnEASR TS
(B S 1995). 2D, F4 YV aDsHh TR
ICBT2HRAIZEEAEENORHRTS 5.

HERZZ Oz L - T, TEFERPEEXE,
LAMKREROGRRIZHELRITT. YAA4ET
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i, WEORESERICE>TIBEI NS Z L4505
N T3 (Garner and Allard, 1923). LA L ZA Y 3
TiE, EHISHT 3 KIDORRESERLREO AL 5T
WEOHERMEICK > TRAES ZLBHERIATVS
(B S, 2000). FH A4 D LK TORKEREI
RS ARRD 6 (FFH, 1950), &7 TORE
BEBICKREXND (S, 1974). IREEE
DFHA4ETLBRREDSA D aliiiy L0 TKE
BT A BEDEEIRLIEDEEZIOND AL A
DaDAITOERRIZDWNTOREN &L, £, &
4T allBIBBEOHAREK L &4 TORERDOEE R
IZDOWTBELAEHLAIZER TR,
AREE, ARIZBWTE LI TOEELRD LN
FBBEDOFA D al s TOEENRELVFHAE%
FAWT, MR HIRAZE L TR T2 LItk
D, TLHEAEAET-T, ThFhOEOLHITD
BRDE W % LBRRET U 72,

HRELUFHE

FERIZ 2007 F3 A5 5 20094 1 HE THREED
HERBEXRPHEBAF v /32 (#3568, B
1396 (LITHER)) bLOMBROEFBERER
HEAEEE (& 247, ER 12538 OUITES
B)) Tio7. FEBRIZIE, WRBERFEIIBOLTH
RBEFEL T B XA Yz (BEERRE) LT H4E
(ALiE P AR IR OIERFE) O 2 BfE%E 7=,
43 WEEER TORERZ BV TATTOR
EAEEZRD SN &b S5 RERITHE L /-,

A4 D3 ZETED 12 FIZIFEL, 15 ~ 20C TR
LChAMELHEASTION L » BEHIZH 50 g 124
LTS L L TH4 Bt E»SEAL
T10~15CTREFEL, £AV a U TlF-72. &
A BIIRFO-DR I BEHLG: XL —bK
A KYETE 1,000 f5AMKRIC 5 ARNREL, Wb &
WIBHBBAIED 7= YIWEIZ Rk EBM L2, £ DR,
N=3IF 254 2RELAEZFEHE=-LEy b

(EE 15cm XX 125 cm) ICREAMT T, BEF (25
~30C) OREZHFTTHIFLETEEL .
EBR 1 LD TOBHRICRTTHEM B & $iE i
DEE

FER I, 2007 FICEE EEHBICBW T 7.
2 RfEDFEA EIX4 A, 5 Ak KU 6 AmICHTF X
BCHREEERIC, Th¥h4H29H, 5829H
BEU6A29BIZ5BT24RETHADT . £
BRiZ 9 v & ABEIZL - T, BERORMEER R, B
1100 cm, #RRE 50 cm & U7-. fEREid w4 B e
PIEEHEREO Y~ / 4 BIZHEL T, 1Ry P40
By ey hLE238g BEBEIKE 263g, 74
BhY YLk 250gL7 D3iF Im OFXHIZFES
L, ®EETIF12A1H, E58TIE12AH25 HOIK
HE TBEOREEHR AT 7. &b, EHREEFD
HEBRIX, EFE 91954 5 15 K 22 4,
BB 10 B 36 54 6 13 B 41 4T b - 7= (Fig.
1). EHRIBITHEES 133 ~29.0C, SHEH 20.6
~298CTH -7z (Table 1). &1 TOEBEFE 10
HE 2oy, ETIEEE BEBLULIT0E
HEAAEL, ZTO%OCTLHMERL, Zh?
NOEGMESFRIL 7. kb, &4 T3 EEOE

15:50
14:24 +
12:57 p
11:31 ¢
10:04

Day length(h)

08:38

07:12

1-Apr
1-May
1-Jun
1-Jul
1-Aug
1-Sep
1-Oct
1-Nov
1-Dec

|_Tokyo - - 'Miyako-island‘

Fig.1 Day length of Tokyo and Miyako-island in Okinawa

during experiments on 2007.

Table 1 Air temperature (‘C) of Miyako-island in Okinawa and Tokyo during

experiments on 2007

Miyako-island Tokyo

Ave. Max. Min. Ave. Max. Min.
Apr. 21.8 28.0 14.9 13.7 25.8 4.0
May 24.7 314 19.4 19.8 29.0 13.0
Jun. 274 325 22.8 23.2 315 15.7
Jul. 29.8 34.2 25.7 244 32.7 18.2
Aug. 28.5 34.1 23.6 29.0 375 23.1
Sep. 27.6 32.0 24.1 25.2 329 15.7
Oct. 25.9 30.6 20.8 19.0 26.5 12.8
Nov. 22.6 29.1 18.0 13.3 21.2 4.6
Dec. 20.6 26.6 13.7
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IZTEER & M7/ EZELY 5 mm L EICIER L 7= 6 D%
BERRE L

52 BHRESLDTORRICRIFTEE
FEERIZ2007F4 25 HA 5 12 A1 BET, £
1R 2HACTERRETERBL . 2 REOHRE
Z, 4 A2 HIZERFHTICRL TKRIRERKE ¥
AT LAHLE £BPELSEA5H23BIC%
NENDRFEL S 0BT ORAT, EEOm X5
X30cmDEy MWL D72, SN EE
WREREIEDO Y~ ) 4 BIZHEL T, 18y b%4kD
Wik 7 v £ A% 238 g, BIEBROIKE 263 g, 7
ABAHY T L& 250gHEL 7=

7 A 20 BiZZ W Eho @@ b BIERIC 20 B4R
UM L, BHEA 10 BERD (8:00-18:00) & BEHA 14 BERS (18:
00-8:00) DEHXRHETTSHIHETRIEL, %
DBRIZHARBERGTICR L UTEHKET3).
XHED 20 RIZBERHREFHFTCRIE L2 LITxH
X&T3). &0 TOMRICET 3 FHESERITV,
IRFEIZ 12 A1 BIZiT -7z, UWHEL 728RIZHWZE, o0
TEXUEEIIATTCEAFRAEERZHIEL, 20
#8OCTAHMMEL, ZhFhOLWELEHEIL /2.

K3 RALEHFLHIAOERICRIFTHE
FERIZ 2008 E 4 A 20 HA 5 200041 A 21 HE T
BEBIIEWTT-7%. EB1LAL 2 MEOHREE
4 AP ARG T ICR U CIRIR 2 Mg X v iE4 £
LLEHLZ SALBICAEPELEL*ZER
DmfEr 5 30 RTOBUCHL, Mo XITHEA
D7z, FRAETEE ISEAR 100 cm, BRI S0 ecm & L,
FENEIZEER 1ICHEC 7=, D313 2m OZKIZFHES L /-
BRLBIIZNZFhORE 5 HE BE®E» 5 HOW
% T 3300Lux DB T THRIZL, HEIH 24 BEIZA
5&91cL% (UTEARETS). &, ML

Y 2LBRAERLS LT, BEROBEBEOHELZITIZL
Wkt lAa, ZORBAEIZNERE TIT-7 . )X
B2, FAAETEHESSMhEX 57211 A 150
2,840 s 3 EFBBRLRHFELAZ1H 21 Bicdr-
7o, EERHIREP, 40 TORKRESEETY, UE
TIREE MEBLCLHTOEERAFHEL, Z0O
%80CT4HMEMMEL, ZhFhotizmE%FHRIL /-,

#w R
KER 1 LS TOREE IS RIE T HERT T BRE & RS Hhig
7

FHARLTAD 3 OWHERICH T 2 EEYELE
PR YIE % Table 2 IZ/R L 7=,
FHAEDOEEGWEIZ, FHRDO4, 565LU6A
MARZNRFN180, 173 XU T79gTHo7-. 4
Ak &Us AEAICEZRR N h 57245, 6 AL
DEBEIZF LN E ot &b, EHBTHREL
7er A EOFEIPNEERMOBEMIZ X - TRIT S 1
eI EMEICEIHIT 2 Z e B TE Ao &4
Ua OEEGHEIZ, 4, 5BLU6AMASERT
121583, 156.1 B LU 67.2 g, B TIZ 296.3, 446.3
BLU1660gLih, RED4ABLUS AEAT
BEREDP 578, 6 AEAIRELNEL Bt
FLEHEDOSLA4 U s OXEEFIIS A2 4 ANEA
EDEKRELLD, 6 AHEAVPRENES ko,
FHAEOHEGWER, 4, 5B L6 AL
HWETIE558 6206&U'387gThh, EHET
13299, 6808 L U474k, ERTR4HAE
U5 AfEZ TEREL, 6 HIEABRRNE 572
2, FREEZROWE» 7. BEEHETIE, 5 Al
BB KREL, 4AL 6 AREANNE o, FHA
EOREIMLTEEB LD SRR TS h =30
BREhoI B4V a3 OWEGZWEIL, 4, 5B
U6 A AR TIZ91.3,1266 65 X 1'63.6gTH D,

Table 2 Effect of planting time and places on the growth of Chinese yam (D. opposita: cv. Hokkaido local)

and Water yam (D. alata: cv. Taiwan local)

. Planting time
Species Place Parts of plant
Apr. May Jun.
Leaf and vine! 18.0 a? 173a 79b
Tokyo?
. Tuber! 55.8a 62.0a 387a
Chinese Yam -
) ) Leaf and vine - - -
Miyako-island*
Tuber 299 a 68.0b 474 a
Leaf and vine 1583 a 156.1a 67.2b
Tokyo®
Tuber 913a 1266 b 63.6a
Water Yam -
. . Leaf and vine 296.3 a 446.3b 166.0 ¢
Miyako-island*
Tuber 357.1a 4024 a 3664 a

1. Dry weight (g)

2. Different letters indicate significant differences at P<0.05 level by LSD test

3. Harvested on 27 Nov
4. Harvested on 17 Dec
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BEBTIZ357.1, 4024 B LU'3664g %D, B
ETORESEREDBAREL o7 £/, HET
35 AEAPKREL 4 AB XU 6 AHEANEL 5
722, BEBTIIHEAMIERIC & > THRESIZZEIZ
7&7)") 7.

FTHAEDREBEUEHBICH TS 40 IO
BOHEME Fig. 2 XU Fig. 31/RL7=. FH4 €I
DWW, AN TORHHBELARE P70, R
D4RBIUS AREAT, SHIBTH -7~ RNT,
EtBD4A AL AAT, 8A1I9HTH » 7.
7, 6 AEA TR, BEHBLBIZL 1 TOEK
WWORAMUKETH 7. THAEDLH IO
BAABLU S AATEDLL LI 572D/ LT,
6 ANA TEL ko7, AHTOHEKE, 10 A T4A
FTHMLGY, ZOREHL .

A4V aDRFEBLOBEHBIZET 5 40 IO
Bo#f4 Fig. 4 5L U Fig. 512/ Lz 45 TOW
BROBBHPRERE,» 7200, EEROS5 ARELT, 9
AH8HTHo7. RWT, WRDO4AWEAT, 9 A 18
HTh-7z. KEDO6AMALBEHED4RBLUS5
ARZIZ10 A8 BIzAh TOHELAERI - &

+AN-
—— May
A Jun.

w ©o - N (-] -t [d (-] - N ~ - N
S L g e e e I x o I 3 I
[ £ ? > v w Q9 o o o = =
c

€« £ £ 3% g § % g § 2 & 3

Fig.2 Changes with the number of bulbils on different
planting time in Chinese yam (D. opposita cv.
Hokkaido local) at Tokyo.
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Fig.3 Changes with the number of bulbils on different
planting time in Chinese yam (D. opposita cv.
Hokkaido local) at Miyako-island.
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JEREUZ 12 AL TEMUET 745, 6 AL DO

LAHTEHEOMWAI LD 5. L5 TORKO ARG
HZFHAEREA D 3 X DRI o7

INFEERIC B3 T HA EBLUF AV aDah I
Bk X U7 E % Table 312/R L7 WEICHIT S
FTHAEDLATOBEKIZ4, 58&KU6 AlEAD
ZFNENA5S, 555 B L0248 THY, BHET
EENFN26.0,9.7B L V665HTH 7. 4P 3
DLHTOREREL, 4, 55XV 6 AMANERT
BZNFN8L, 91BLVC4THITHY, SHETIE
ZFhZN306, 48BLUG5MTHo72. FHA4%E
DLHTOHERBEER T4 A &U'5 Az ©%
< Z3EAEPE»D, EHETIES ALV 6 AL
B Kot B4V aDLHITOREREKL, WTFho
WATEHIC BT BEBICHRTER I
DA<, 6 AEA TREHBIZEWTE DA o7z,

FHA DL HTHWEIL, 4, 5BXU6 ARE
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Fig. 4 Changes with the number of bulbils on different
planting time in Water yam (D. alata cv. Taiwan local)

at Tokyo.
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Fig.5 Changes with the number of bulbils on different
planting time in Water yam (D. alata cv. Taiwan local)
at Miyako-island.
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Table 3 Effects of planting time and place on the number and weight of bulbils in Chinese yam (D. opposita:
cv. Hokkaido local) and Water yam (D. alata: cv. Taiwan local)

) Planting time
Species Place Parts of plant

Apr. May Jun,
Number 45.8 a! 55.5a 248a

Tokyo? )
. Dry weight (g) 10.1a 49a 24a

Chinese Yam

. . Number 26.0a 99.7b 66.5 ¢

Miyako-island® .
Dry weight (g) 1.8a 31.1b 9.0a
Number 81la 91a 47a

Tokyo? .
Dry weight (g) 0.8a 05a 0la

Water Yam

. . Number 30.6a 44.8a 55b

Miyako-island® .
Dry weight (g) 160.0a 262.1a 27.3b

1. Different letters indicate significant differences at P<0.05 level by LSD test

2. Harvested on 27 Nov
3. Harvested on 17 Dec

Edol. £AYaDLHITHWER, 4, 5BX0V'6
HREZ A, ERTRZhZTh08, 056K001gT
HD, EHEBTRZNRFN 1600, 26216 L1U273 g
THolz. B4V a—HE-DDLHITGHYER, ¥
BRI ER CRE L2880 a0 /hE L, £,
BEHEOEDIZ 6 AMANNEL oz,

K2 W|AKEBEFLDIORRICRIFTHE

FHARLEA D a ORI 2 ZEZYE,
REGYE, 27 TBERBLC LY ITEYEE
Table 4 iZ7R L 7=.

FTAAEOEEGYEIINBX A 72g, BHRXH
125g &k, MXDERZ LI £4Va3TY,
XHEX 21258 g, MHRX 2 240g &4, MXDOER
PN (Wi Y el

T A4 ETOWREGHER, WNHERA210g, FHEX
MB305gkhkh, ZEARGWAL 72, £4DaT
i3, XA 154g BHXP 226g &%, EHK
RERIZKEL ko,

FHA ED LS TG BOBERTA ST LG, 1IN

RO REIE, RX A 14.8F, EHIX A 19.8 8
THY, Elhhol F4VaDahTE, 9HH
B 6 h, RO L, XA 2.9
i, BMHRX2R26THY, EWhh o/ LHITD
BEYEIL, FHAEEEA D aOlET, NHEXIC K
BERNL DT

K3 RAMENSLHTOEBRICRIITEHE
FHARLEA D s OEFEGYE, REGHE, o
B AR E B KO A THME % Table 512/ L 72,
T A4 EOEEGZYE I, X2 27g, BRHXA 59
gLhy, HRAEENREP SN, £4V a3 TE, 3t
WX A 3509¢g, BEHXZ18892gThHh, BARS
BllkE»r o7, —F, BEGWEIL, FH4ET
BB LXURBRAZNFN 553, 8458 TH D,
EARAHBRAE 57208, £4 Y 3 TR &
UCRHEAZhZFNS5171g 1024g TH D, WHHEEK
BHEBICKEL ot
FHARDLH TR, WX EBICT7 AFEICERE
FARAEL, 11 A TEMLZ: (F— 2 &8, IGHERIC

Table 4 Effects of short day-length on the growth of top, tuber and bulbils in Chinese yam (D.
opposita: cv. Hokkaido local) and Water yam (D. alata: cv. Taiwan local)

Species Part of plant Control Short day length
Leaf and vine! 7.2 12.5 n. ¢
. Tuber! 21.0 30.5 ns
Chinese yam .
Bulbils number 14.8 19.8 ns
Bulbils! 1.7 3.6 ns
Leaf and vine! 25.8 24.0 n. s
Tuber! 154 22.6 *
Water yam .
Bulbils number 2.9 2.6 ns
Bulbils! 0.1 0.0

1. Dry weight (g)

2. * and n.s. represent significant at P<0.05 level and not significant, respectively, by T test
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Table 5 Effects of long day-length on the growth of top, tuber and bulbils in Chinese yam (D.
opposita: cv. Hokkaido local) and Water yam (D. alata: cv. Taiwan local)

Species Part of plant Control Long day length
Leaf and vine! 27 5.9 n. s?
: Tuber! 55.3 84.5 n.s
Chinese yam

Bulbils number 25.0 28.9 n.s
Bulbils! 0.5 3.0 n.s

Leaf and vine! 350.9 1889.2 %

Tuber! 517.1 102.4 %

‘Water yam

Bulbils number 19.8 18.0 n.s

Bulbils! 132.3 32.2 N

1. Dry weight (g)

2. * and n.s. represent significant at P<0.05 level and not significant, respectively, by T test

B BT HATD LA TOBKEZ, K HEX A3 25.01,
BHXM289MHTH D N7z, —F, £4 V3
DLHTIE, WX EHIZ9 Ahmr» R ARG L,
IHEIFIZ 361 B & 7 TOEEIE, RFEX A 19.8 1,
FEHXA 180l & & D ZENRALNED - 7.
FHATD LS TDOVEEEL, XHRIX A 0.5 g,
FHX230g a0, MEDEZEL /2. £4V 3
D LG TOFEHE R, XA 1323 g, BHX
2322g &0, MEXAHEREIZKEL 7.

£ =

Y o4 EOHEORRIILE KXW K-> TR
D, ZHUTIFBRZE ORI B § 2 BOLERREE »5
BLTED, ZORNMREENENEhOMER BED
SARICBERT A EHFE L LN TS (FRiHLS, 2000;
EfH 5, 2001; Shiwachi ef al. 2002). BEELF U <
KAREMETH L RO EZ#T 54708
ZOEI BHERDEETE3DEEL LN BHIA
3G, FHA ETIRL D TORKRITEE RS AR
BoN, TOREPEHEHETTRENS Z AR
SN T3 2 (5, 1950; 6D, 1974), £4 V3
DL IO LK RICET 28 an. 22
T, KEBRTIILHTEEETHHA Y a L 29
TOERBES 5T H A TREEE W, WD L%
TORKICET 2 HROWEDENERNT5L L8
12, £4 Y aDahIRRICHET ZEREZHS T
5ZLEHME L.

A4V a3, 2ATERKTLEERDEL, &0
TEERTA2METH-> TEEFITB T 3K IEEH
THBEEZLNTWEY, KEBRICHRAL -0
TIEHETERMER S 7z (Fig. 6). KRFEERICK
WTC, FAVabEOFHA4EDL TR, FEER1T
i, MANGEHZZEZ Y, $2-HEEMFORL S
LIICd R Eh, SHICEB2EKLV 31k
HEXUREHEMA T TCEEELRBD ORI En5,
B4V abLOFHA DL D TORKIZHEDFE

Fig. 6 Bulbils in Water yam (D. alata cv. Taiwan local) at
Tokyo.

BTN ERHEN RS B4V a LT HA
EHICK T3 HEDOHERIZHRICHE I NN &A
GhroTED GENRLS, 2000), &7 ITDEKE Z
N CAERERIZE S DEEL 5N
EZAT, £4V 3T i4TOMEOIAKE S
R —VI3R5 5 (EMMS,1999). F 74 EDOHEE,
HEF% F 4 { ZOFPITER & h, JERR & BRI
EABWATS. —h, £4 Y 3 08ER, EHFUHO
SIREPNCTERR S B 5%, BERS e IE KRR R 2 i B
B AR CHBINS. ZhbDENZE, FhZho
fid K ORIEIC 51 2 U DR R4 2 Bk
REODERIZE>TETREDEELLh, FHAE
DREICHFEE SR TN XD LT, ¥4V 30D
BOEMRRE I 2 D KEL, HEOBERKKEIIERL
BOBHSROBRRI - K> TS h3EEZLNT
W3 GEMHS, 2000). ¥4 Y3 &FH4ETIRL
B IOEKOFIERE AR LD, £4 Y aDLh T
BlEFHA T B2 R DEBENZ EHBHSENZE 5T
Zerb, BIZEEFEUL &0 TOERKICITRIEEREE
DS LT3 EEL 5N,

FEhE 1 OFEREEMS (1999) OHEIZL B 44
Va bt 4 EDREDIHKEKE SF — v bERT
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2L, FTRFROHED LI TOREBIHEOIELRE
VhHEEERATILOEBEINIEDEELLGN, A
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