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and Cut Flower Quality of Eustoma grandiflorum (Raf.) Shinn.

Effects of Different Lighting Sources and Combinations for Long-day Treatment on Growth

HAMADA Nobue'’, YOSHIDOME Fumika', TAURA Issei', TOMINAGA Akira', NOMURA Tetsuya', PARK

Byoung-Jae’, NISHIZAWA Yu’ and ONJO Michio™

! Campus Farm, Experimental Farm, Faculty of Agriculture, Kagoshima University, Korimoto, Kagoshima
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Summary

The effects of a combination of far-red light (FR light), red light (R light), and incandescent light on the
bud time and quality of cut flowers at harvest were investigated using the two varieties Borero White (B.
White) and Reina White (R. White) of Eustoma grandiflorum (Raf.) Shinn. under unheated winter
cultivation. The long-day irradiation treatment was found to have minimal effects during the unheated
growing period (post-planting period October 2023 to February 2024), and from mid-November to mid-
February, when the minimum temperature was below 10 ° C. In both B. White and R. White, FR and
incandescent light tended to promote flower bud differentiation, which is consistent with previously
reported findings. However, we found little evidence to indicate the tendency of R light to suppress flower
bud differentiation. For each of the following periods, we calculated the daily rate of plant height growth,
using plant height at harvest as the final height of each study plant: from planting to the time of switching
to the electric light source (one month later), from the time of switching to the light source to bud
development, and from bud development to harvest. The results revealed that whereas FR and
incandescent light were effective in promoting plant growth, R light was effective in suppressing plant
growth. On the basis of our findings in this study, we obtained evidence to indicate that the long-day
treatment of B. White, in which R light was applied during the early stage of growth and then switched to
incandescent and FR light, and the long-day treatment of R. White, in which incandescent light was
switched to FR light, were beneficial with respect to achieving cut flower quality objectives (cut flower
length of 70 ¢cm or more, and three flowers and three buds at harvest). However, given that these results
were obtained during only a single season and that the effects of switching from incandescent to FR light
sources were not clearly defined as significant, further studies are needed to confirm the reproducibility of
the observed effects and to determine the optimal long-day treatment.

Key Words: far-red light (FR-L), flowering, lighting sources, non-heating culture in winter, red light (R-L)
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Effects of Pollen Source on Fruit Set and Quality in Local Almond Tree Varieties

KOZAI Naoko"", JITSUISHI Taichi’, YAMAMOTO Masashi’, FUKUDOME Hiroyasu’, HIROSE Jun®,

NISHIZAWA Yu** and KODAMA Maki’

! Laboratory of Tropical Fruit Science, Faculty of Agriculture, Kagoshima University, Korimoto, Kagoshima

890-0065

? Laboratory of Fruit Science, Faculty of Agriculture, Kagoshima University, Korimoto, Kagoshima 890-

0065

’ Toso Orchard, Experimental Farm, Faculty of Agriculture, Kagoshima University, Toso, Kagoshima

890-0081

* Laboratory of Horticultural Crops Production Science, Faculty of Agriculture, Kagoshima University,

Korimoto, Kagoshima 890-0065

Summary

We investigated the effects of pollen source on fruit set and quality in three local almond tree varieties
(‘Gakunai 1', ‘Toso 2-15', and ‘Toso 3-8') planted at Kagoshima University, Kagoshima, Japan. Three
treatments were established: self-pollination, pollination by the almond (Prunus dulcis (Mill) D. A. Webb)
variety ‘Peerless’, and pollination by the peach (Prunus persica (L.) Batsch) variety ‘Okinawa 1. We
recorded floral characteristics at anthesis and 7 days after pollination, as well as pollen tube elongation,
fruit set, and fruit quality. At anthesis, there were no significant differences in flower weight, petal size,
pistil length, or stamen length among treatments. Incomplete flower production, i.e., the percentage of
flowers lacking a pistil, was significantly higher in “Toso 3-8 than in the other varieties. At 7 days after
pollination, there were no significant differences in floral characteristics among varieties or treatments, and
the pollen tube penetrated the base of style or the ovary in all varieties and all treatments. Fruit set was
observed in all varieties and treatments as of May 19, approximately 2 months after pollination. Shell
weight, seed weight, shell width and cheek thickness tended to be greater in the ‘Gakunai 1" almond X
‘Okinawa 1’ peach cross than in any other variety/treatment combination; no clear tendency was found for
any other fruit quality metrics. The findings of this study reveal that the three local almond varieties
cultivated at Kagoshima University are self-pollinating, and that different pollen sources produced no
significant differences in fruit set or quality in these varieties.

Key Words: Cross-pollination, Fruit set, Pollen tube elongation, Self-pollination
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X HRAAEMZ /RS (Socias i Company &, 2017).
HARTHIEE, FEEHLE L CoEEIEHSITE
D, REEEIWETHSLLEDNLTWVEA, HIRIZ
Lo TIREPIF IR, AERIIALETHL. K
BB R BTRME B SRR T L v B 1k
7—EY FIZoWT, Hi#l (FWS, 2024) Tk, 4%
MO B L OEF ORFW L M 2 HA L7z, FHAE
&), FERT —F Y FITIERMREKIC L D EFREE
FORFMOIOOENH LI LR, BN RMIC
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SoTERLRLZERZHLMTLT.

MEEECIE, ERT —F Y FIZowT ATSHET
BEZHE LTS, REERIEIZVLOD, HEHHEE
OPWEFHFLNTVWDLI D, HRBEL TV L ITHE
PREZSNDL. —F, EERAEE, TVATIAT —
EY OB TOLRHET LI LRI THS (LT
5, 2018) 13, EEET—FL FOMIZE BEAMS
FMIBFRENTVERE, T—EY FifhoeTHER
AEEMIEOM L MM EELDH 5. MEEETEREL
TWAERT —F ¥ FORETIEAMKIRER M€ € W
RT VA, TARELFEEINTBY, PIIZBHEY A
HERLZMELHL LD, BHBOECERT —F
¥ FOFGFREER R I EI T TRBEIC OV TR L
TBLLZLIZEETHS.

KEFGETIE, kT —F ¥ FOREERN:Z T 5 72
W, BRBRFTHESNLGERT —F VY F3RE2
AL, HRZMBLIOCMRZHE LTT —E Y FOEH
EEEDOMEHEH G, [EHEH, ERHEME, #HHER
REREZREL2OTHET 5.

MRELOHE

L L e

AFGRIIHE R B RF BT ME BN R (RS
i) T20224E 2 A 10 Ch I TERL 72 W
W2IE, FRESTEE SR TWS [N, HREHE
THI SN TV RHM [FEE2-15] BLU [HE3-8] %
AL, WTFhL I NV EEEZAKRETIHEEARY
T, F9MEERH V. WINB 10T RS R THRE S
NTBY, FEEREBIENT [N 1] & [HE%E3-8] 132
fEE, [HEE2-15) B 3FEETHo7. INLOHMNAEE
20224E 2 H 5 B A 7 AKICHA L, BRI T S
ABNTIT- 72,
MIBX
ZFNFNORMIIONT, HEZHX (Self), 7—F
v FIEBIC X AR ZAGIX (Cross-A), EEEMIZL D
R KX (Cross-P) @ 3 DDOMBIX % 2%1F, £ 3k
xR e L, GER27THEAE (3 RHx 3K x 3 fEfd)
FEBICHRA L. ENENROMMAES S E S20em Pk
DFERB % 3~ 4 ARRY, ThOSFRENRELE. B
RZBERT 2001, FENRE LTk
HELTOWBIELSTRL:. 7T—F Y FOIEWmIE, #dh
DO TH D Peerless’, TTDEHIEE AN AT
TARRERLD 5 F7 1 L) EFREFRRL 72
I TOFMEI L VR L 72 - NV — Y AT — T
(BAERTH) DFEED» SR L 728 2 KO RITHE X
UBTFNELEBIZE v R—=IZANTERL, 20CH A4
UFRaANR—F —T—MEE L CHE SIS, Ih504E
MORERELEREM L CTHERLAZEZAS (T afE15%
LER 1% FEHECERMICER L, 20T T2 BrRE
L72), T%#WN 1] T27.2%, [HE2-15] T20.0%, [HE
3-8] T15.0%THDN, b 2 R )

‘Peerless’

WTIERIT0% L ETH o 72,

ANTZHE3 A7 A2 S19H 2 THro 7. BB
BNV — Y 2T —=THOLEIZOWT, BRiEL, KL
WMCTZR L7288, 739 7 4 VICCIERL L 722488 % 00 R
72, 3 H 7 HOSAYILEBIMGRE B CRIAE L TWw i fEiX
Wbk L, F7z, TSRO T L7223 H19H & Y &I
FELAED AT E LCTHRbEL 72,

e DHRE

BIAEYM H o¥ikfE % 1 RICD & STERRIML, fEdsE
w, ERORS L, MTvwE, FEE HETWELS
WL Zor, MIFVERIAEEE (FHES, 2024)
oW TIIETM ORI R L3, BRI L Aese
IOV TIEZOH AL, Reaftske LTHEHL
7o. Fi ST AR SUHEX LY 2~4
ERWML, FEORSLIEEZFHILZ. 5HllE, BHIC
IRIN=FVEZER GER-K =y /= 7))k
>=10: 8 : 1) THERE - RFFL, fEHEMROBEIC
eak L7z
27 BEOTEHEHER

SR 7 HEOEZROERE THV 2T VwICo
W, T2 7Rk L DR EMR OB %
fTofz FEHEA S LM V% 3 RERKEKIC
RIEL, SNKEELT DY MBS SEEBIRE L 2%
3EMAKEKRDFAK TR Lz, Tk, 7=V 7
V=gt (0.IM ) YEE= A1) T AJKIBEIRIC01% DT
=) TNV LTER) IR L, fERhE %
Jefa L7z, Jefafk, fEHETFEZUIDEEL, Hia0ns
® (EFD2, (%) —=a v Ja—3aryX) ZHR0FiF
7AW SEMSE (LABOPHOTO, (M) =a vV V) a—T 3
VA) K DB L BRI N =TT R B TR
CHLORL, THEIXHJICHEW L7280 N — 4
T AR WA TBIEE L2, TS O migEE B
I, AEAE B, eSS, AEAEEEES, FE AR IR
TR 6 B TR L 72,

e

5 HIOHB X076 H16H ICk £z MAEMIcE L, &
FEHRE LUTHEB L.

RERE

8 AL, BHARERLARELRHRIML, RENELEZHN
L7z RESEKOFHEEZFWL28, WREZID
WL, WREOER BroEROZhENHEEREL
WL7z F72, HFZRYLIHONREORES, I,
F—riEEzEL, 612, Mok, § F—27F
ZEHNL72. WREoERIE, FET20) HdmioER
CHETEOEICIVEM L. 10H7HEF TICHARER
Lo 72 REIZOWTIZTFTRILL 72
HeatEER

BIAEM H & 7 OB OERRIERE, ShHIEf, %, £
FEIE B 55250 & X 0B % — i biIEE 7
WX TR L7z, Bfd L IFREXIC X 2588 A
SN HAE Tukey 2 X 2L EILE 1TV, BB &
LB X [ O 7= 5 % 30l L 72, EHLEIZIER
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2, AEE 4 X (cin) HFvwE TEE HTVE el
(mg) B [ (cm) (cm) (cm) (%)
N1 216 1.98 1.46 0.97 0.14 1.09 296 b
JE#E2-15 215 1.97 1.49 0.93 0.14 1.10 333 b
JE 3-8 223 2.01 1.50 0.93 0.14 1.11 704 a
HEM NS NS NS NS NS NS *

AR E LD D, TV ERSAZEEALDOLR. KHORBICBT 57— ¥ NI % Bk  IEHAED

ATHBEIRoT

VFE— Z I ALBRIEE TS X D AT L, EIRIC X 2 FE A AR SN YA, Tukey HHIC X ) ZHILKZ1T-
72 NSRBI X BB, *1E p<O.05TRMIC L DHEELENHHLI LR T. BebTV7 77Xy M3i%

FEHREICE D p<00STHEELHHZ L ZRT.
versiond.4.1 (R Core Team, 2024) % H\7-.
ER

LD

HRMDO RS H OIEEHBEIZOWT, HFTVwoRS
120.93~0.97 cm, HETVWOEX131.09~111ecm T, W3
NORMOMET VIIHET VORI ITHRTE2 72 (5
185). LaLads, fE&E, LA X, fFwk, +
BE, HBFVEOVWITNLRMICLEEBALNL D5
72—, AEEEFRIT [HE3-8] 27704% TH Y,
ORI THERICE 72, [N ] & [HE
2-15] ORFEEEFRITENZFN296% £333% TH D,
O 2RMHEICEREAE IR Do 7.

BAAE 7 HZ DIEIRILRIZOW T, TEOE 3130.22
~0.35cm C, M#i30.15~023cm TH-72 ((E25FK). T
EOREITREELHEX B oL AR RS )8
(p<0.05), Tukey 2L VL HLEEIT-/2E 25,
BB BRI S NG h o 7.

Z 7 BROEMERR

ST HBOEHEOREIERMEBIE L L S
5, &TORM, WHEX THEREOMEISMERI N
(E3HR). N1 ] TEETOURX TIBEN T
MBICEZEL TV AT HBEIN BRZH
(Cross-A, Cross-P) XTIZIEERE THIEL TV A HET-28
Blgsnse. [ 2-15] Tid, Self K CEMAEE £ T
FHELTEBY, KK (Cross-A, Cross-P) X TIldIEER
FTHEEL T L EFABIE SN [HER3-8] O Self
X T b EBRICAEAIEEE E CRIFE L T A0 BIg s
72 MRZHD Cross-A XK TIIRBRE THELTB D,
Cross-P X CT& FHEFHM T THIEL TV 2 EFH B
Ihi.
iEER

SR L - BB, 1R S 720 F1912.3~34.0
FETHo7z BE4FK). [HIE38] TRIAEEMEIE 2>
Tetcd, TR 72D b o Tz, ZTHAER
oW TIE, RIS L > THENRIB ISR (<
0.05), Tukey DL HEILIKIC X H AP OMOE HA T
SNGhoi.

5 A19H O#59%381%, [HE2-15] @ Cross-A X T b
FL130% TH D, THE3SS] D Self X Tidm bK<

F2R BRFENEXICHITIZZHMTEEDFEOREE
FHEOKRKEE (cm)

. z

PN s JLBE X Ex =

FAN1 Self 0.35 0.21

Cross-A 0.22 0.15

Cross-P 0.33 0.22

JEE2-15 Self 0.27 0.19

Cross-A 0.32 0.23

Cross-P 0.29 0.20

JH 53-8 Self 0.33 0.21

Cross-A 0.32 0.20

Cross-P 0.27 0.19

AR NS NS
“Self IZFEKZH}, Cross-A 137 —F ¥ F ‘Peerless (& AMKZ
B, Cross-P X EE FFF 71" ICLAMRZHONIXEZN

ZIRT.
V= LRI E T VIS DL, BERICE 2 EERE
BHTRD LN, Tukey BICL Y S EILKEZIT->72. NS 3%
HEHEOMRE, p<0.05TRERLZHLHIZL 2 HBLBEI RV
ZLERT.

2.0% TH - 7278, JmPLWBXIZ X 26 B LBHIT#ED
Lo 7z. 6 HI6H TIX, [H#E2-15] @ Cross-A X
T b EHWREERE (124%) BHoN72b 00, [N 1]
D Self X & [H#EE3-8] @ Cross-A X TlX 0% TH o 7.
6 HI6H O#EHEFICH ML UEX 0BT A bk
Mo lz M), R L WX O AR S izt
(p<0.05), Tukey EICX WV ZEREEBI o/
5, MOMEOFEAIRIBEI N5 7.
REWE

8 HUIRE, RERE LA L /2. DHRERFERL, [HE
2-15] @ Cross-A KT b % <, R\WT [HEE2-15] @
Self X Th o7z (555K). [N 1 ] Self X & [F¥3-8]
Cross-A XT3 6 HTHETIZE&TERL-OREH
DRENMEON o7z, RESROFHETIE, Hi
BLOWEXIZ L 2 ZBIIMB SN o728, —7,
NEEOFHEEICILUHEXOEZEIED LN (p<
0.05), [%2MN 1 | Cross-P KIZBWT [H#2-15] Cross-A
RI)dHFRICENEIEASNE (p<0.05). NHREE
TlE, HEIER T — 7 1RTHUIXIC X 2 F B2 B0
HMEN7ZbDD (p<005), ZOMMIE—ETIEARD->
7o, HT T, HiffEL RS TRRICK 2 HERBEN
MH SN Tukey HICE D EERBEA 77282 5,
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BIR BRBECAWEXICHTZZH 7 BROTEHERREELRL

- - BREER

; , TR RO R (%) WL
G AR TUSNE R (Rehdes  (HILE  TRRAR Wk METeox
21 Self 444 11.1 11.1 11.1 22.2 0.0 9
Cross-A 22.2 11.1 0.0 0.0 33.3 33.3 9
Cross-P 22.2 11.1 22.2 11.1 22.2 11.1 9
BE2-15 Self 22.2 22.2 22.2 33.3 0.0 0.0 9
Cross-A 62.5 0.0 0.0 0.0 0.0 375 8
Cross-P 12.5 0.0 12.5 375 0.0 375 8
3-8 Self 14.3 14.3 14.3 57.1 0.0 0.0 7
Cross-A 25.0 0.0 0.0 125 125 50.0 8
Cross-P 28.6 0.0 14.3 28.6 28.6 0.0 7

*Self IFHFKZH), Cross-A 17 —F ¥ F ‘Peerless’ (2 & BMEZH, Cross-PIldEE ‘FFXF71°

FEAR BRECADERXICHTHFHZIHEREHEEE

EN T 1% P B L) SPHHE T (%)
fERL(E)”  5A19H  6A16H

FN1 Self 26.3 44 0
Cross-A 14.7 10.7 10.7

Cross-P 27.0 9.6 8.1
FE#E2-15  Self 29.3 10.8 8.5
Cross-A 34.0 13.0 12.4

Cross-P 28.0 7.5 7.5

REP3-8  Self 20.3 9.2 76
Cross-A 16.7 2.0 0

Cross-P 12.3 4.6 4.6

R NS NS NS

“Self X HKZH, Cross-A 137 —F ¥ F ‘Peerless’ 12 & B MEZH,
Cross-P (FEE 4 F¥F 71" IZLBMERZHOUEX % ZhZIRT.

Y20224E3H7H ~19H ORI A L 72 /E D35

*20224F6 H30H R i COMEFEH L D & L7z,

V=S RAGRIEE T VIS L D T L, BRI X A E R EE
O HLNTHA, Tukey 2 & ) L EILIK 21T 572, NSIZL HEILIOKEH,
<005 THRMPL LI X 2 HERBEN RV L ERT.

[% P11 | Cross-P XD T-H T [H#2-15] Cross-A XD
FEFEICHARTHERBICEWRERE o720 (p<0.05),
ORI TIHENOMEICAEZEZIIAL N R D o 7.

R

AIFEORER, TRTORBLRLLIXIZ BTN
TOEMEMESR OGN (E3HR), HEDBRON (B
43). SEER LR T —F ¥ FO 3R/MTIE, 160
BICEDLLT, EREMRELEET LI LWL E
Hol:. TLTSelf K&E&ED, &TORMELHMXIZE
W B2 58 2 2 H D 5 H19H B 2 CREFED R X
N7z (BB 43R, —#ENO 7 —F 2 FiE i ERAH
EMEAZ W (Socias i Company &, 2017). #HEmFED
7= Fi, NIRY I FEEBCE S NS LR AR
HRAMA& TH Y (Matsumoto * Tao, 2016 ; Tao & ,
1997), HO DL SIS L7254, B 38

L MR OWIX % ZNZIURT.

IR AT 209 T EM R EIET 5. LaL,
SEER L7z 3RMOTERT —FE ¥ FIIERGEEETH
HEEZEZON, —HNET —T Y FOERNHE L 3%
BHErREzzEEZEZONE T T—FUFK
Peetless REE AFFT 1 EIBAUNDHLLE
Aoz, [F#N1] O Self X & [FH#E3-8] @ Cross-A
XTiE, 6 HIGHRMTOMERT 0% LRo728% 5
HIOH F ClR#EELTWAZ LS, MHE2OERICE
DIRBRDOFEDEPTEILE LRSS EZ O, &
EEER L 72FER 7 —F 2 FIZWI b I £ C©hko T
W RERSEF Aol BBESE) 5D,
TERT —F ¥ FIZMEECHET 2MEEZH T 5 DS
Ez oz,

F2ARWZETIE, BRI EOTEFR B 1R 75,
SRR L72RTITVWInd, HFVwoRIBHEFTWIZ
WARTEWZ EDPHL R E R o7z 2 OTEIIFE: M
THRONDZIEETHY (Socias i Company &, 2017),
HERT—FEY FOARTALNFHTIELR V. LAL,
N6 I RMIETVTNHMET W E R S AEEEDFEAE
BAREP o7z, WEPBD TS CBERAROMET VI
IR THRAL D 225, FEFMHEIZ B s
TEDDH, KIGAFLVARKENITERT 25607H
3%\ (Socias i Company &, 2017). LA LAWZETH
LN, HFerE, 2ol ARSNA
Moz, EHIT, 3H/ME SBELERETHRE L Twizic
bbb, [HE3-8] TlE, AEEET70% Lo
EHECHRAELTEY, o2 RRICHRTHEILS
otz BE1R) Zehs, EFREICLLIDOTIEE
< [HHER38] BHORMTHD EEZOND. TERT —
EY FIZBUITBRELEOFAEITEFGES (2024) b
LTBY, AEOHEEL, ZoOMEZ2HETLILNT
HbH. NESANEHETHEAT L LERNEO—R L 2
5720, FRCHzo TREETLLEND 5.

F 72, REMEREDORNE, [FHN 1] D Cross-P XT,
HMFOFBELHETFORIPHEDREVEHAILH - 7:
(5% 25, T UANOHH TIZ—EOMAmHI» D b
T, AERBLOEN L REREOBRIZOWTIE, PR
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WENRD SN o7z, HTIRWINRLIEERBIRT
Hol:. TV FOFIMEIIEZTIFFY v
NLTT7 VEBEREENLZEFMOENTEY, 7—
TV RERMMEEOH LT X (1LOS, 2018) D=
WKHEINTS (BERS, 2015). TIFV¥F) Y Z2&A
PREMEBENT S & FMPEEEI SRS 5 75,
Yy —fTidtoaaAEl’mL, FEHOAL — MET
M D TA % v (Lee H, 2013 ; Socias i Company 5,
2017). 4%, KT —F L FICEFNETIZFY »
CHBEIIOWTH N2 ED L LENDH 5.

PDbh&y, BEEBRZTHEELTWS 3REOHER
TV FIZHREEESD D, Tz, BERLEN MM
DT —FEY FOEMTOIRET LI EPHLI L o7,
[N 1] @ Self X & [H#3-8] D Cross-A X TlIHRIHE
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LEFH LTRSS TWz, BB RERE K
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Growth Pattern of Lesser Yam (Dioscorea esculenta Burk.) in Southern Kyusyu, Japan

ONJO Michio"” and FUKAZAWA Motoki?

'Faculty of Agriculture, Kagoshima University, 1-21-24, Korimoto, Kagoshima 890-0065, Japan

% Minami-Satsuma Campus, Faculty of Agriculture, Tamagawa University, Bounotsu, Minamisatusma,

Kagoshima 898-0211, Japan

Summary

In Japan, lesser yam (Dioscorea esculenta Burk.) is a species of yam native to tropical Southeast Asia,
cultivated in southern Kyushu and southward, mainly in the southern parts of Nansei Islands. In this study,
we cultivated lesser yam in Ibusuki City, Kagoshima Prefecture, Japan, and investigated the growth pattern
of shoot and tubers, and the effects of different planting time on shoot and tubers growth. Shoot growth
continued until harvest time which was 195 days (Nov. 23) after planting, and tuber growth rapidly
increased from 165 days (Oct. 23) after planting. When the planting time was changed to May, June, and
July, shoot growth was greater at the earlier planting time. Tubers began to rapidly increase in size from
September-October at all planting times. These results suggested that short-day conditions were the main

factor in the enlargement of the tuber.

Key words: Dioscorea esculenta, lesser yam, plant growth, tuber

Introduction

Lesser yam (Dioscorea esculenta Burk.) is a species native
to Southeast Asia, thought to have been cultivated in southern
China by the third century A.D. It is currently grown mainly in
tropical Asia and tropical Pacific Island regions. Takahashi and
Toyohara (2005) attempted a folk classification in one village
in the Sepik region of Papua New Guinea and reported that 24
varieties of lesser yam existed. However, there are no reports
of breeding along lineages worldwide, and the exact number
of varieties is unknown.

In Japan, it is called Tamago-imo or Toge-imo. Yonemori
(1979) reported cultivation on Ishigaki Island, Iriomote Island,
and neighboring islands such as Taketomi, Hateruma, and
Yonaguni Island. Ankei (1986) reported it also existed on
Iriomote Island. The cultivation area on these islands was not
large, mostly on the scale of a home garden and with only a
few growers. Both reports also discussed the name of the
species in each region. Yonemori (1979) described the name
on Okinawa Island and Miyako Island, suggesting that the
species was also cultivated on these islands, but there is very
little information and research on lesser yam in Japan.

The authors confirmed its cultivation in Nago City,
Okinawa Prefecture, in 2000. We introduced tubers to the
Ibusuki Experimental Botanic Garden, Experimental Farm,
Faculty of Agriculture, Kagoshima University (IEBGKU)

located in Ibusuki City, Kagoshima Prefecture, Japan, and we

20244E10H30H =+ H
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began experimental cultivation in 2001.

Morphological characteristics of lesser yam include the
presence of ‘thorns’ on the stem (Fig. 1), petiole, and
sometimes underground parts. Unlike many other Dioscorea
spp., the elongation of a ‘stolon-like organ’ which is the apical
part enlarges and becomes a tuber, same as a potato (Solanum
tuberosum L.) (Fig. 2). Although Onwueme (1978) uses the
term ‘stolon’, the term ‘stolon-like organ’ is used in this study
because this organ in lesser yam has not been confirmed to
have the same stem-derived structure as the potato ‘stolon’.

The physiological and ecological characteristics of the
lesser yam in Japan are largely unknow. Furthermore, very few
studies have been published on lesser yam worldwide (Enyi,
B. A. C.,, 1972a; 1972b; King and Risimeri, 1992; Melteras et
al., 2008)

This study aimed to clarify the ecology and growth
characteristics of this lesser yam in warmer regions of Japan.
The growth of the shoot and tubers, changes over time, and the

effect of different planting times on its growth were examined.

Materials and Methods

All the research was conducted in the field at Ibusuki
Experimental Botanic Garden, Experimental Farm, Faculty of
Agriculture, Kagoshima University (IEBGKU), Japan
(latitude: 31°15'45" N, longitude: 130°38'18" E).

Experiment 1. Changing with time in top and tubers
growth

Seed tubers were grown in Nago City, Okinawa Prefecture,

Japan, and harvested in December 2004. The tubers were

stored in an incubator at 25 + 1.5°C (constant humidity) for
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Fig.1 Thorn (arrow showed) about 5Smm length based on petiole

Stolon—-like
organ

Tuber

Fig.2 Stolon-like organ and tubers

approximately 2 months, from the beginning of March until
planting, when dormancy was broken, and germination was
carried out. Seed tubers were disinfested by immersion in a
solution of Thiuram benomyl (Trade name: Benlate T 100x
dilution, Sumitomo Chemical Ltd.) for 10 min on April 15,
2005, before planting.

In cultivation, 1,000kg-10a! of cattle manure compost and
chemical fertilizer with 20:20:20kg-10a" = N:P,0.:K,0
components were applied to the entire field before planting.
The rows, 60 cm wide and 25 ¢cm high with 140 cm between
rows, were covered with black polyethylene mulch. Seed
tubers were planted on April 29 with 150 cm between plants
and 10 cm planting depth. After emergence, the stems were

supported on 1 m posts.

Surveys were conducted from 30 days after planting (DAP)
(June 3), to November 23, which was 195 DAP later,
approximately, every 15 days, by sampling six plants grown
moderately. The variables surveyed were leaf and stem dry
weight, number of stolon-like organs, number of tubers, and
dry weight of tubers. All stolon-like organs with a larger
diameter of the other were counted as tubers. However, the
tuber dry weight only included the enlarged part and not the
stolon-like part.

Experiment 2: Top and tubers growth at different planting
times

Seed tubers were grown and harvested at the IEBGKU in
2005 and stored in a glasshouse at an average temperature of
15 °C. Seed tubers were planted in the same as in Experiment
1, by breaking dormancy and disinfection, on May 1, June 1,
or July 1, 2006. The investigation was carried out five times
between August and December, at 30 days intervals from the
first harvest on August 1. Survey items and dry weight

measurements followed the methods of Experiment 1.

Results and Discussion

Experiment 1. Changing with time in top and tubers
growth

Figure 3 shows the trends in shoot and tuber dry weight in
2005. Growth was slow until 60 DAP (Jul. 5), after which dry
weight increased almost linearly until harvest in late
November and shoot growth continued.

The total length of stems per plant increased rapidly after
planting until 150DPA (Oct. 5) and continued to increase
thereafter but at a slower rate (Fig. 4). Primary branching was
observed from 60 DAP (Jul. 5) and increased until harvest at
195 DAP (Nov. 23). Secondary branching was observed from
75 DAP (Jul. 20) and increased until 135 DAP (Sep. 18), but
the increase was constant thereafter. Tertiary branching was
observed from 105 DAP (Aug. 20) and increased until harvest
at 195 DAP (Nov. 23). But the proportion tertiary branch
length to total stem length was low.

The growth trend in total branch length was almost in line
with the growth trend in shoot dry weight. The amount of
primary branch length was almost twice as long as that of the
other branch length, which was estimated to contribute
significantly to the increase in shoot dry weight. Furthermore,
a highly significant positive correlation (r = 0.9872, p < 0.01)
was observed between the number of budding stems from seed
tuber and dry weight, suggesting that the number of budding
stems may significantly affect the shoot growth.

The main characteristic of lesser yam is, as mentioned
above, the elongation of stolon-like organs, which enlarge at
their tips and grow into tubers, same as tuber formation in
potato. In water yam (D. alata L.), new tubers are formed at

the junction of the seed tuber and the stem evolving from it.
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Fig.4 Changing with time in total stems length per plant

In lesser yam, the development and elongation of stolon-
like organs is an essential factor preceding tuber formation.
Stolon-like organs developed around 60 DAP (Jul. 3) and
remained almost constant until 135 DAP (Sep. 20). From then
on, development increased rapidly until day 180, when it
stagnated. On the other hand, tuber growth started slowly from
mid-July at 75 DAP (Jul.18), but the growth rate remained
almost constant until early September at 120 DAP (Sep. 3).
From 135 DAP (Sep. 20) onwards, the tuber dry weight
rapidly increased, while the number of tubers remained
constant from 180 DAP (Nov.5) to the end of the experiment
(Fig. 5). About 90% of the stolon-like organs started to
enlarge. The factors that initiate the elongation of stolon-like
organs are unknown.

Experiment 2: Shoot and tuber growth at different
planting times

The trends in shoot and tuber dry weight, when grown at
different planting times (May, June, and July), are shown in
Fig. 6 and 7.

The earlier the planting time, the greater the shoot growth,
and, the shoot dry weight planted in the May and June
increased until November, suggesting that growth continued.
Thereafter, stem and leaf wilting were observed through
December, and the weight began to decrease. In contrast, in
the July plot, growth continued until December. As mentioned
above, in Experiment 1, the shoot growth continued almost
until harvest in late November. On the other hand, in the 2006

survey, growth was slightly slower from October to
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Fig.5 Changing with time in the number of stolon and tubers, and
dry weight of tubers
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Fig.6 Changing with time in dry weight of shoot in different
planting time
*:Different letters show the significant differences on Aug., Sep., Oct., and Des.
(p<0.01) and Nov. (p<0.05) by Tukey and Kramer test.
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Fig.7 Changing with time in dry weight of tubers in different
planting time
z: Enlargement of tubers was not observed.

*:Different letters show the significant differences by Tukey and Kramer test

(p<0.01).

November, even though the plants were planted at the same
time (May) of Experiment 1. Rapid enlargement of tubers was
observed from September to October in all planting times.
Hayashi and Ishihata (1991), Shiwachi et al. (1995), and Onjo
et al. (1993) found that water yam tuber growth was
accelerated by shorter light-day conditions. Shiwachi et al.
(2002) also reported that shorter days accelerated tuber growth
in yellow guinea yam (D. cayenensis Lam.) in Africa. On the
other hand, Shiwachi et al. (1995) reported that the length of

the day greatly affects tuber growth of water yam. In chinese
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yam (D. polystachya Turcz.), which is native to the temperate
zone, tuber growth is promoted by short-day conditions only
in the very early stages of growth; however, after that, it is not
responsive to daylength (Shiwachi et al. ,2000). These results
show that the response to the length of the day may differ
between species and strains of yam.

In the water yam grown in Kagoshima Prefecture, Japan, the
growth of the shoot stagnated after mid-September, five
months after planting, which is the late growth stage. The
results of Experiment 2 also showed a clear difference in the
growth pattern between the two species, with the shoot of the
plant growth in lesser yam becoming stagnant from mid-
November onwards, much later than that in water yam.

The results of Experiments 1 and 2 indicate that the shoot of
lesser yam in southern Kyushu continues much later than that
of water yam, and the vigorous tuber enlargement growth
period is in October and November, indicating that the early-
late growth is presumed to be late and that short-day
conditions are closely related to tuber growth. Short-day
conditions may play a significant role in tuber growth. Further
detailed studies on factors promoting tuber growth of the
lesser yam will be continued to elucidate the physiological and
ecological characteristics of lesser yam in southern Kyushu,

Japan.
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