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Synopsis

‘Benimadoka’ is a hybrid of ‘Mato buntan’(Citrus grandis Osbeck) X
‘Hirado buntan’ (C. grandis Osbeck) . It was registered and released in 1991
as a superior pummelo with early to mid-season maturing and reddish
flesh color for production in the warmer citrus growing area of Japan.
The tree is vigorous, upright in young stage, thornless, cold hardy and
high resistant to citrus scab. But it is somewhat susceptible to citrus can-
ker. Though the flowers produce a lot of fertile pollen grains, it shows
self-incompatibility . Fruit is large, 700-1000g in weight, oblate to broadly
globose in shape and seedy. Rind is thick same as ‘Hirado buntan’ and
pale yellow in color. Flesh is tender and juicy, separating well from the
segment membranes and has pale reddish pigment. Citric acid and soluble
solids are lower than ‘Hirado buntan’. But the taste is superior because
of high soluble solids /acid ratio, The fruit matures from mid-January to

February .

Key words: Citrus, pummelo, shaddock, Mato buntan, Hirado
buntan, fruit breeding.
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BEERBBOCBETBICBWTRRERZKBERELEL L, HBES > VEOFLETRICT
PEEE, BRULCERERZERLLBESZTIC, BHE (BRS 1991a), 3PS & (BAS 1991b),
T (/A S 1991c), % EAE, PSRRI L5 RENER I, AREINT,

BRSO Y OBBRTHEY VFYORERRO—RL L TITbhTWS, 7vF v
By A EEEFETAHRET P 7 KEI N2 RERTERENCET» o EEFICET 5 M
D%V, RBER 7> 5 CBEHOILREEZ T, PROBABRTHRATE 2 RENRKS A,
BRIMINTVL2O8BRTH S, Lzd-T, bBRERIDV—BELLZFLVOT VI OFK
i, REOEBCEBIET O LEELEZ NS RERBBE TR, B A4 R0, 'f 20—
Ko (FES 1985), ‘3 & (B> 191b) O3 FEEARL TW5EH, TOLUVEKRL
FeRLE L OBA LY, REREOSKENECERINSE I LIRS,

W EEDE, YEHOHFVERBORVIORRETHZ1ILE & (B-AS 1991b) LRIU LS
RBREBEE Yo7 bDTH 2L, REEICHERERROMKBEEN 12D, TEH» S RERL
BRI CCENEEE L, TREL LR Ty Y ORER2ET 5, RERCEKRI R
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Bu, Lal, RVBBMTH S,

19624E 5 B, BEZSRERE (BE) 0B L TR, 1963F 0%, F& L, 1964F CHABRES D
CHETEOBEESICEME L 7., [BEES1IN0.32TH 3, 19T2EVIEER R, REMOHAER
Bro, REMRL, HEWNERO S 2, BENTERIERSDLL, TvyrE L TREE,
THEM S H O BB LER TS LSRRI N, 19814 4 A X VKBS nE 4 BIRFET
MR T SRER D BIIRE & L1982 4 B OZE 8 B ORMAET L THEAL, HHOKAR
Bz BLTHEREGESRES L, ZORER, BFETH5 I LBRD SN, BHKEEERRF
MR ESLERERCE TR, BHRKESOFHAEL LT, 19914 6 A26B TV & TH L @i
KR, BATAEBRMLE L LTEE - ARIN, 1992F1282584 T, BEEMNHLE EM'E
FEXNL, BB, EHECED  HESRII1993F 3 ATEMTREARS L,

A STE D REEIG R E SRR I BERERBR R ERL LBRRO LB TH L.

RECEICERERER | M) | REERBRSIRN 158, #EEEERRSFE, S, MRUAR
BESREE, &/ ERERBBIFTSE, BRETEMRERE, BHNREERRS, REREX
W r v ¥ — BRI, KOEMBHREREARSS, ERERREEES.

R TSR | SHEMEREE (22525, ERBERMEARSE (»vi iR, FREVR
BREE (v FY MY RTFTAILRRE,

7, ARBEOERCHES L ERTBRUVOZBEIBOHLEERZIRDLED TH S,

TR Y B (GE N B - b E 2 B7(1962~1972), 7H i & $(1962~1964), & BUIEH
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= EFIHE (1970~1981), AAAZEF] (1980~1991), FHHILEF (1982~1985), ¥kHIFRST (1985~1988),
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LA S (1986~1991), #ETFHRI(1989~1991), LEEHSHE (1990~1991).

EttniE

1, BEMTORECET S FiE

1) » %

BRI BEARDORRIZENM B VS, BERICERERERL TS, LeL, PRI &
DEIESTE, HOMEAR IR, FUHL D ESERRE LERCR D B, BFEEAKS,
LTI, BERKRKESFRE7 VIV LABETHS. BOBRIFRET 8 2 icfls, BER
SERETVIVEOVKREL, MET VIV LRABETH B,

PLEIBCHLTREES 5 ' LEBEICHEL, 2RI LE, BFEORESR L FF7
Y VEBEEL, BBRBERETHE, AVFVINIRTFIANA (CTV) C3BHEETAT
LEYT 47 RETES, BRER, DZBXPETCRZOREIZDOIA TRV, BER
BAZALWTHEETNIIRELOME s 2w EBbh3,

2 B =

iz, BRIEFEEERL, TEIARE VL, EHOREIEVCIERTNESHRE» R VBHATDH
3, HARENL D2, ARROAFIEEENEL, KRR35,

BEpAE, FES LI IORBICRD, 700~10002TH 5. 2, HEI+IciThbivh
F1500g2F Ik 3, RERRERSS LN, REZHCPTPRERET 200055, REHEREE
F-HIEX100) RI2TTEE 7> 2 kD R ERTH 2 (Table 1), RIAF M A, BRIZF
By els, ERiwR 7> Z > OFTREVWHICET 328, ZRBTT32BE R TERR
2EC, ERiVFARERD,

Table 1. Yearly and seasonal changes in fruit characteristics of ‘Benimadoka’ and its pollen
parent ‘Hirado buntan’ at Kuchinotsu, Nagasaki.

Date of Mean D/H % of Soluble 5.5/ No.of
Cultivar fruit flesh solids Acid “acid Brix

analysis weight (g) index? weight (%) (9%) ratio (%) seeds

Benimadoka Dec.22,1989 856 122 56.9 13.6 1.29 10.6 13.0 44.1
Jan.17,1990 865 121 59.1 13.0 1.19 10.9 12.4 68.0

Dec.22,1990 716 127 61.0 14.1 1.42 9.9 13.0 36.4

Jan.17,1991 616 126 60.7 14.6 1.42 10.3 13.7 47.6

Jan. 30,1991 716 124 58.9 13.9 1.32 10.5 13.0 39.7

Hirado buntan Dec.22,1989 968 147 65.6 14.9 2.02 7.4 13.7 12.0
Jan. 17,1990 1028 138 65.7 14.2 1.69 8.4 12.9 31.7

Dec.22,1990 708 133 63.8 - 2.08 - 16.1 61.1

Jan 17,1991 598 132 63.2 16.6 1.96 8.5 15.4 39.5

Jan 30,1991 600 134 63.5 16.2 1.90 8.5 15.2 37.6

* (Diameter/height) X 100
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B RIRERTERET VS VAN LLATH S, BCHEHIIA LG > TREFEERIZA
h.TFHTHS. BEIFEBECEES >4V L ABETHS (Fig. 1). REOESIX13.9mmT,
PRy sE, FEEIE Cro03BIEwS, RREOSEBIRL, BLIOR
MEC, YUMBEBUTLS, KRERMCL > TRIBIZEERTS. TURF L RITEBEHV
%z (Fig. 2). WEREKS»LBTH S, BFRIIH,

ﬁﬁu@ﬁﬁ%&fm~u%,EﬁEuL%AA%?U¥ﬁ7y7V;Dﬁﬁb&ﬁﬁb%%ﬁ
v, TUyy v ELTRIEBENERT, 1 BRare0RKIRY, B 1ATE~2ATHS
(Table 1), BEERIV L SERTREGRLY TV, HERBICET20R3P0E,

BT 1 BPs0aBE TSy, MIEATERTH S,

2. BHITBT ZRAFEROME
w&$06¥ﬁﬁm&ﬁﬁﬁﬁkuu,&ﬂéﬂf%t,DZ&&%&UEEE@%@@N%E
B ORERFE % Table 25 U Table 3i;R L7z, ZOBMEBERRDO LB TH S,

BB 8 ~9 (BIE=10) CEMETH-%. LTEBHROBILUAZIETD >,

ERiLRIfiNE L EHTHY, MKUBITE, #BE, BRBREIHTH- 724, BA, K7
ErRETHoT. CHREFRTHMESMETL,» b BARRMELNS S 2D, BRCHRFOLENIH

Table 2. Tree characteristics of ‘Benimadoka’ and several pummelo cultivars in various
districts for local adaptability test in the year 1990/91.

Tree
District Cultivar Tree Sprouting  Full bloom Preharvest Occurrence Occurrence
Habit Vigor” Thorn of citrus of citrus
age® time date drop canker scab
Shizuoka* Benimadoka 5 Upright 8.3 Very few Mar.17 May 20 — Moderate None
Wakayama® Benimadoka 8  Upright 8.0 None Mar .26 May 19 - None None
Ehime* Benimadoka 6 Upright 9.0 None — Mid-May Very few — —
Kochi¥ Benimadoka 9 Upright 9.0 None Mid-Mar. Mid-May - None None
Tosa buntan 15 Spreading Vigorous Few Mar.28 May 10 — Severe None
Kumamoto" Benimadoka 7°  Upright 8.0 None - - - None None
QOita" Benimadoka 7 Semi- 9.0 None - - - None None
upright
Kagoshima* Benimadoka 9 Upright 9.0 None — — Slight None
Honda buntan 26 Spreading Vigorous  None - - - Slight None
Otachibana 15 Spreading Vigorous Few — - — Moderate None
Nagasaki® Benimadoka 15 Semi- 8.0 None Mar.26 May 11 None None None
spreading
Hirado buntan 27 Spreading Vigorous  None Mar.17 May 13 Moderate None None
Mato buntan 27 Moderate Vigorous Few — - - Severe None

* Jzu Br,,Shizuoka Citrus Exp,Stn.,
¥ Wakayama Fruit Tree Exp.Stn., Kibi, Wakayama Prefecture.
x Ehime Prefectural Fruit Tree Exp.Stn. Matsuyama, Ehime Prefecture.
* Kochi Agr.Res Cent. Fruit Tree Exp.Stn. Kochi, Kochi Prefecture.

v Kumamoto Agr.Res. Cent. Fruit Tree Res.Cent. Matsubase, Kumamoto Prefecture.
t Tsukumi Br., Oita Citrus Exp.Stn., Tsukumi, Oita Prefecture,

¢ Kagoshima Fruit Tree Exp.Stn., Tarumizu, Kagoshima Prefecture,
s Kuchinotsu Br., Fruit Tree Res, Stn.,MAFF Kuchinostu, Nagasaki Prefecture.

Higashiizu, Shizuoka Prefecture.

 Visual evaluation rating on a scale of 10 =very vigorous and 1 =very weak.
@ Rootstock is trifoliate orange(Poncirus trifoliata Raf.)
®» Year after top-working on satsuma mandarin int~=-* sl
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Table 3. Fruit characteristics of ‘Benimadoka’ and several pummelo cultivars in various
districts for local adaptability test in the year 1990/91.

Fruit Rind
Coloring Maturation D/H  Weight Color Thick-
District® Cultivar Uniformity Surface ness Aroma
time time index¥ (g) (color index)* (mm)
Shizuoka  Benimadoka — Mid-Dec. — 139 686  Light yellow(2.3) Moderate 13.2 Strong
Wakayama Benimadoka Poor Late Nov. Feb. - 1192 Pale yellow(2.5)  Moderate 12.5 Weak
Ehime Benimadoka Fair Late Dec. - — 1143  Pale yellow(3.0) — 13.4 Medium
Kochi Benimadoka Good Early Dec. Late Jan. 121 1414 Light yellow(3.0) Smooth 17.0 Strong
Tosa buntan Good Early Dec. Mid-Mar, — 620 Pale yellow ( - ) Smooth 9.2 -
Kumamoto Benimadoka Moderate Early Dec. Early Jan. 125 1232  Light yellow(2.5) Moderate 17.0 Medium
Oita Benimadoka Good Late Dec. Mid-Jan. 141 1061 Light yellow(2.5) Smooth 19.5 Medium
Kagoshima Benimadoka Moderate Early Dec. — 112 1451 Lemon yellow{(4.0) Rather coarse 22.4 Strong
Honda buntan Moderate Early Dec. Mid-Feb. 122 1186 - (3.3) Rather coarse  20.1 Strong
Otachibana Medium  Early Dec. Mid-Feb. 120 630 - (3.5) Smooth 12.7 Medium
Nagasaki Benimadoka Good - Early Jan. 127 779 Light yellow( - } Moderate 13.9 Medium
Hirado buntan Fair - Mar.~Apr. 133 653 Lemon yellow( - ) Smooth 13.1 Medium
Mato buntan Poor — Jan. 109 818 Lemon yellow{ - ) Moderate 14.3 Medium
* See Table 2 ¥ (Diameter/height) X100, * Index of color chart devised by Yamazaki and Suzuki(1980)
Table 3. Continued.
Flesh Juice
9% of No.of Segment Date
District? Cultivar flesh seg- Color Taste Granu- No.of of Brix Acid
weight ments membrane lation  seeds analysis (%) (%)
Shizuoka Benimadoka 66.8 14.5 Thick Pale yellow Moderate - 2.5(Empty) Jan,7° 9.7 1.23
(Pink)
Wakayama Benimadoka  63.4 15.1 Thick  Yellow (Pink) Moderate None 37.8 Jan.26 12.7 1.44
Ehime Benimadoka 56.8 13.8  Thick Pink Fair None  Numerous Jan.17 10.7 1.56
Kochi Benimadoka  55.4 14. Thick  Pink Good - 55.8 Feb.20 10.2 1.09
Tosa buntan 63.1 14. - Pale greenish Good None 56.0 Feb.20 11.0 1.31
yellow
Kumamoto Benimadoka 60.3 15.2 Thick  Reddish white Good None  93.8 Jan .17 11.5 1.13
Oita Benimadoka 53.8 16.0  Thick Reddish Good None  37.0 Mid-Jan. 9.8 1.20
Kagoshima Benimadoka 59.8 14.5 Thick Reddish Good - 72.5 Early Jan. 9.6 1.03
Honda buntan  59.3 18.5 Thick Reddish Moderate None 106.5 Late Feb. 9.1 1.18
Otachibana 66.2 15.5 Thick  Pale yellow Good None 67.3 Late Feb. 9.5 1.30
Nagasaki Benimadoka  60.9 13.5 Thick Pink Good None 42.0 Jan.17 13.7 1.42
Hirado buntan — 15.2 Thick Pale yellow - None  39.5 Jan.17 15.4 1.96
Mato buntan — 18.2 Thick  Whitish yellow - None - — — —

z See Table 2
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Table 4. Resistance to citrus scab,citrus canker and citrus tristeza virus in ‘Benimadoka’.

Disease severity indexes or disease severity

Disease Cultivar
1987 1988 1989 1990
Citrus scab Benimadoka 0.0* - - -
Dobashi-beni unshu® 5.7% - - -
Citrus canker Benimadoka (024 D D C
Citrus tristeza virus Benimadoka 0" 8 23 24

The data summarized from the disease resistance evaluation test carried out at Shizuoka Citrus
Exp.Stn. (citrus scab), Kagoshima Fruit Tree Exp.Stn. (citrus canker)and Ehime Prefectural Fruit
Tree Exp.Stn, (citrus tristeza virus) .
2 Disease severity index:

(7xleaf number of A)+ (5xleaf number of B) + (3xleaf number of C)+ (leaf number of D)

7 xleaf number of survey X100

Degree of occurrence of scab: A=most severe, B=severe, C-moderate, D=slight.
Y Degree of occurrence of canker: A=most severe, B=severe, C-moderate, D-=slight.

X Rate of occurrence of stem pitting (RSP):
(5 X twig number of #) + (3 X twig number of 4) + (twig number of +)
5X twig number of survey
Degree of occurrence of stem pitting: # =severe, +=moderate, +=slight.

X100

% Cultivar susceptible to citrus scab,
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Fig.1 Fruiting branch of ‘Benimadoka’

Fig.2 Fruit of ‘Benimadoka’
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