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New Citrus Cultivar 'Kankitsu Kuchinotsu 41 Gou':
Artificial Tetraploid Mutant Hyuga-natsu

Atsushi IMATL Iwao OIYAMA, Ryoji MATSUMOTO, Takeshi KUNIGA, Terutaka YOSHIOKA,
Toshio TAKAHARA, Naofumi HIEHATA

Citrus Research Division Kuchinotsu,
Institute of Fruit Tree Science
National Agriculture and Food Research Organization

Kuchinotsu, Minamishimabara, Nagasaki 859-2501, Japan
Abstract

'Kankitsu Kuchinotsu 41 Gou', a tetraploid Hyuga-natsu (Citrus tamurana hort. ex Tanaka) , is a
new cultivar that is suitable as a pollenizer for the production of less-seeded Hyuga-natsu fruit,
which was released by the Institute of Fruit Tree Science, National Agriculture and Food Research
Organization (NARO), Japan. 'Kankitsu Kuchinotsu 41 Gou' was developed as a tetraploid of Hyuga-
natsu in 1982. The regenerated plant was initially selected as pollenizer candidate for the production
of less-seeded Hyuga-natsu fruit in 1999 and was tested in a regional trial from 2001 to 2005. It was
ultimately selected and registered as No.17066 under the Plant Variety Protection and Seed Act of
Japan on October 16, 2008.

The fruit weighed at 234 g, and was larger than Hyuga-natsu (202 g) at Kuchinotsu. The rind
thickness (7.5 mm) was greater than that of Hyuga-natsu(5.5 mm). The rind color and surface
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smoothness were coequal with Hyuga-natsu. The fruit ripened in early April at Kuchinotsu. The

soluble solid concentration and acidity in the juice of ripened fruit were 10.7°Brix and 1.63g/100ml,

respectively, which were comparable to Hyuga-natsu.

Hyuga-natsu fruit pollinated with the pollen of 'Kankitsu Kuchinotsu 41 Gou' had very few well-

developed seeds(0.9 seeds per fruit), whereas the fruit by open pollination had 19.8 seeds per fruit.

Other than the number of seeds, the fruit traits were not significantly different from those of the

fruit obtained by open pollination. 'Kankitsu Kuchinotsu 41 Gou' bore many flowers with a high

amount of pollen as well as Hyuga-natsu. 'Kankitsu Kuchinotsu 41 Gou' pollination brought about a

high Hyuga-natsu fruit set (66.7%) as compared to that with open pollination (6.7%).

Key words: fruit breeding, cultivar description, pollenizer, tetraploidy, few-seeded fruit
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DRy B - Y OPERAROFAL, BHER
BRI CEADED SNLTWAE (BRI S, 2001). L
LINSDORMIE e 27 FF Y OFERBMIZILRFE
HES L, RERAEEZHEZL LTV EIFETIIE
ASNTHWZRWn,

AR SV O s Q. 1 N N L L N T RV o e iod
T5E, 5~8mm EDONEEFEFIIEE N5 2%, %
ERETEP0~2REFELHAT L LML NT
W5 (Yamashita, 1976). ZOHSEZFE L2 H
FY DOVHREERME LT, IRETIUEBES Y 3
BB EOERERTIE LG 2 Y %
S E LTHHT 22 &M shcans (FIES,
1983). L& LUUfEAF > 37 Y 3BAE A e = 7
VEYRRRL, B E LT ay iy EICEM
TOYE, SHMESMEEZY, SHIZHE»S
INESNDREEDOENEDNL L B EDORED D > 7.
F R BRERTHEAE LS R 27 )V IEF 2T
THorz720, FBHEVIZL Y EH5HI Z/HBERICE -
TLEV, o ¥+ Y OPERAERED DO
ELTCHEDYRD 72 (FA, 2008).
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REWFZERT 7 > % W78 L2 it (R IR 5 S5
) 2B WT, BRCRREISERE SR - R R
BramAr 75 (RMOKEES REERY, 1994) 12HEwv
2005 F B L2012 4F1C HAHFHT BLOv v
FURRBELT HrdFvOZEA S OFERE
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Table 1. Institutes and their locations where the regional trial of 'Kankitsu Kuchinotsu 41 Gou' was carried out

Institute”

Location

Shizuoka Pref. Citrus Exp.Stn., Izu Branch
Ehime Fruit Tree Exp. Stn.

Ehime Fruit Tree Exp. Stn., Nanyo Branch
Kochi Agr. Res. Center, Fruit Tree Res. Stn.
Sage Fruit Tree Exp. Stn.

Miyazaki Agr. Res. Inst.

Miyazaki Agr. Res. Inst., Subtropical Crop Branch

Kagoshima Fruit Tree Exp. Stn.

Izu, Shizuoka Prefecture
Matsuyama, Ehime Prefecture
Uwajima, Ehime Prefecture
Kochi, Kochi Prefecture

Ogi, Saga Prefecture
Sadowara, Miyazaki Prefecture
Nichinan, Miyazaki Prefecture
Tarumizu, Kagoshima

“The trees were raised by top-grafting technique with 1-3 replications.

Y Name in 2005
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O 11 % w7z

1) 8HEE KOTESR D
BEERETe Y A F Y L) R, HHFRT
M LEEETHL (Table 2). BHLIZBREET, va
THFYEDSHIET S, By Ay LD b
K, BERPfceawyrr iy EV. Bilo
EFIRE L, FProRESIREY. EoKE Sy
iy LEERINE , BEHORIIHRIETH 5.
fBldeay 7 +F v XD b REL, fEHOREIES N
(Table 2, Figl). BHRZHOLEMET THEkITE 27
HFVNL ) IEMEIRE. L LELEIZS L, %
e LCORMAICHE L T 5.

2) REFH

WRFEEILTFIY 234g T a2 HF Y LY KEW (Table
3, Fig2). Bt <, REOESIL75mm Tk 2
THFY LD BEN, REERRHE S TH L. HE
MG oomETth s FRIIEHAET, Li)
DIEOW S F 2 HF Y EMUETHEETH 5.
WHEITFERT, R oEEII S 107 Brix, BéE=
13163 g/100 ml TH -7z, WHMIEELS 4 H B e %
AN, bav v rRABHTHY, BENFFH
LBV, BEZHEEICBT B EEEITT 10 K
BETH- 7.

2. B ERERBRICE T EMHE. FEES K
U'RER

SHHTICBWTEHESICL VR L1 ~ 32w
THEMLZFHMEL 72 (Table 1). REFEIZOVTIE, 8
B DHE, #FEL726 BT TRl L72 (Table 5). %
TR RTAT O B 88 13 B BR8P 2 BRI e a
BRAT ik (MoK ES RS, 1994) 126Eo 7z,

BHEIHREE LGS 5 L 2A4A DT E S h o
72 (Table 4). BHRIIBRE T A L2 A2 001, W
THLEZAWAPTTHoz. ETFOFEAET L T
FENROLNT, 1P Tl 6 0 TELTHY, +
DEZIEEFMT S E AL D72 WIS
Wi, EIFRoETE T4 A TTOERDEL, 5 AL
B33 2, 5 A 4 i Cd o 7z,

DV E ) IFIZOWTIZW I N O RERH T D Z84 1352
oMY, FREETREGMEEL LT L3 RWEE
Z5N7z (Table 4). %9 PR IZDOWVWTH, WINOR
B T b FEEITER D B e o 7.

REDKZ S 160 ~ 237 g DIEHH - 72725, 3 2FT
T20 gl ETHh, FI¥id 204g TH o7 (Table 5).
FIIIREIE C, RILIBEIZ 109 ~ 114 DIEA D - 7278,
ES2X AR CFHIE 2 ThHho7z. REDES I
57 ~ 86 mm DWEAH V) [E - 7255, Fi51X 69 mm T
Holz. RREEILH07 ~ 634% OMENH D | FIgid
56.5% THRADEIGIZED > 72, WEIZH~KTH - 72,

Table 2. Tree and bearing characteristics of 'Kankitsu Kuchinotsu 41 Gou' as compared with those of Hyuga-
natsu and 'Miyauchi Iyokan' at Kuchinotsu, Nagasaki (2005)

Tree growth One-year-old

One-year-old Number

Leaf blade size Flower Fruit

Cultivar Tree vigor habit” shoot diameter® shoot length” of thorns’ Length Width WC(] g)ht Pollen quantity set' Flower quantity
em  (m) ¢
Kankitsu Kuchinotsu 41 Gou Moderately vigorous Spreading Thick Medium Many 6.8 3.5 0.94 Much Poor Much
Hyuga-natsu Semi-vigorous Semi-upright Medium Short Many 6.5 3.1 0.56 Much Much Much
Miyauchi Iyokan Moderately vigorous Medium Medium Short None 7.4 3.4 0.50 Much Much Much

“Classified into 5 classes: Vigorous, Semi-vigorous, Moderately vigorous, Less-vigorous, Non-vigorous

¥ Classified into 4 classes: Upright, Semi-upright, Medium, Spreading, Weeping
*Classified into 3 classes: Thin, Medium, Thick

Y Classified into 3 classes: Short, Medium, Long

Y Classified into 4 classes: None, Few, Medium, Many

" Classified into 5 classes: None, Very Little, Little, Medium, Much

" Fruit set under the condition of open pollination

® Classified into 4 classes: None, Few, Medium, Many

Table 3. Fruit characteristics of 'Kankitsu Kuchinotsu 41 Gou' as compared with those of Hyuga-natsu and
"Miyauchi Iyokan' at Kuchinotsu, Nagasaki (2005 and 2012)

) Fruit - ping Rind Rind Flesh Firmness of ) oo Solublesolids ) p i Number of
Cultivar weight . thickness \ < « Pulp firmness” Ripening time content .
color’ surface’ color segment membrane . (g/100ml) seeds per fruit
(2) (mm) (_ Brix)
Kankitsu Kuchinotsu 41 Gou 234 Yellow 7.5 Slightly smooth ~ Yellow-white Medium Soft Early April 10.7 1.63 10.1
Hyuga-natsu 202 Yellow 5.5 Slightly smooth  Yellow-white Medium Soft Early April 10.9 1.82 31.4
Miyauchi Iyokan 272 Dark-orange 5.5 Medium Orange Medium Soft Mid January 13.0 1.33 8.7

“Classified into 8 classes: Yellow-green, Yellow-white, Yellow, Yellow-orange, Orange, Dark-orange, Strong reddish orange and Strong yellowish red
YClassified into 5 classes: Smooth, Slightly smooth, Medium, Slightly rough, Rough

*Classified into 8 classes: Light-green, Yellow-white, Yellow, Yellow-orange, Orange, Dark-orange, Pink, Red-purple

“Classified into 5 classes: Soft, Slightly-soft, Medium, Slightly-hard, Hard

"Classified into 5 classes: Soft, Slightly-soft, Medium, Slightly-hard, Hard

“Citrate equivalent
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R OBEREL 97 ~ 126° Brix DR & o 7273, ¥
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T2 WEIROREIREIL, FEICBWTELEETDLT
PTHY, BEIIBVWTERFIRO LT, EIulkiE
MWEHIESINS, CTVIREAATLAE Y T4 V7D
FEEFRHIL, 2003 FEDOFAETL0 TH Y, 2004 SEOFH
T2 LBEDORENRDOLN, AT LEY TV T
I L CRIRMETH 2 LI S e,

MU FVAZENE ORESETHL T TS
VA, ) RIS LTI TH B (R, 1979).
72, PVEIIEICH LT 2y H S IRIRNiE TS
) (Koizumi and Kuhara, 1982), A7 A ¥ v 51 7
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BofER» S, R VOZEL T DF D) DIE,
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W, i CTHLa HFy EITITRETH H1E
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Table 4. Tree characteristics of 'Kankitsu Kuchinotsu 41 Gou' in the regional trial (2004 and 2005)

Thorn
Tree growth Oceurrence Occurrence
i : orpY sy :
Location Tree vigor habit Number” Length® Full bloom. of c1tru§ of citrus scab”
canker
Shizuoka (Izu) Moderately vigorous Medium Many  Slightly short Early May None None
Ehime (Matsuyama) Moderately vigorous Medium Few Short Mid May None None
Ehime (Uwajima) non-vigorous - Many Medium Early May None -
Kochi (Kochi) Vigorous Medium Many Short Mid May None None
Saga (Ogi) Semi-vigorous Medium Many Short Mid May None None
Nagasaki(Kuchinotsu) Moderately vigorous  Spreading Many Short Mid May None None
Miyazaki(Sadowara) - - Many Short Late April None None
Miyazaki(Nichinan) Moderately vigorous Spreading None - Early May None None

“Character evaluations were conducted in 2004 at Ehime (Nanyo) and Miyazaki (Sadowara) .

¥ See Table 2 for trait evaluation.

* Classified into 5 classes: Short, Slightly short, Medium, Slightly long, Long

" Classified into 4 classes: None, Few, Medium, Many
" Classified into 4 classes: None, Few, Medium, Many

Table 5. Fruit characteristics of "Kankitsu Kuchinotsu 41 Gou' in the regional trial (2004 and 2005)

Fruit Fruit Rind Flesh

Soluble solids

Pul v N
Pre'fect'ure weight shape thickness weight ratio . wp w content Acidity Rlp'emng Number
(District) @  index" (o) ©) firmness (Brix) (g/100m1) time of seeds
Ehime (Matsuyama) 194 109 8.6 50.7 Soft~Slightly soft 11.2 1.65 Mid Mar. 8.4
Ehime (Uwajima)* 188 113 6.0 56.8 Soft 12.6 1.73 Early Mar. 8.7
Kochi (Kochi) 160 114 5.7 63.4 Soft 11.4 1.66 Late Apr. 7.2
Saga (Ogi) 216 111 7.0 51.8 Medium 10.2 1.77 Late Mar. 8.8
Nagasaki(Kuchinotsu)” 237 113 7.5 58.6 Soft 10.4 1.88 Early Apr. 9.9
Miyazaki (Nichinan)” 230 109 6.5 57.5 Soft~Medium 9.7 1.49 Early Apr. 11.0
Average 204 112 6.9 56.5 10.9 1.70 9.0
“Results in 2004
YResults in 2005

*( Transverse diameter / longitude diameter ) x 100
¥ See Table 3 for trait evaluation.
Y Citrate equivalent
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BWRPEE 12 2011 4R B X U8 2012 4E o 2 O 4EERA % 4T HzdEdl 5 deawHFy S IFFEBICHEES 5
o7z AemiEtticown T, TR M= 3 LX) B 7o, ear ATy E LTy F VRIS
SN fbm Rtk d 5 Rk & L, 1185 8% RAE L7206, sohah3Eos|n, 72, fEnfatEsss <,

L THAEIZD & 500 ~ 600 KLOAEK & Fi AL L 7z. S E L CARMBOIER OZHERIAENEEZE RS
vz 5 OIS J 18 HTH Y, nre.

TNEF 727272 B X TURSE I D725 725wy

Table 6. Resistance of 'Kankitsu Kuchinotsu 41 Gou' to citrus scab, citrus canker and citrus tristeza virus

Disease Cultivar Disease severity
Citrus scab Kankitsu Kuchinotsu 41 Gou 0.0"
Dobashi Beniunshiu 0.186
Spring leaves Summer leaves
Citrus canker Kankitsu Kuchinotsu 41 Gou D* E*

Evaluation year

2003 2004

Citrus tristeza virus Kankitsu Kuchinotsu 41 Gou 4.0% 2.0

“ Citrus scab and Citrus scab occurrence was evaluated for shoots of the field-grown trees with inoculating
Citrus scab in several shoots in Shizuoka Pref. Citrus Exp. Stn. (2003) and Kagoshima Fruit Tree Exp. Stn.
(2004), respectively. The occurrence of stem pitting due to Citrus tristeza virus was evaluated for 10 twigs
that were more than two years old from the field-grown trees at Ehime Fruit Tree Exp. Stn. (2003 and 2004).

Y The avearge score from tree observation: Score 5 (severe)—most leaves have the symtoms, 3 (medium) —
approximately half of the leaves have symtoms, 1 (slight)—the tree has a group of leaves with partial
symtoms, and 0 (none)—no leaves have symtoms.

* Classification based on observation of the trees: A (severe)—most leaves have symtoms, B (medium) —
approximately half of the leaves have symtoms, C (slight)—the tree has a group of leaves with partial
symtoms, D (very light)—the tree has very few leaves with symtoms, and E (None)—no leaves have symtoms.
“Avearge score in tree observation: Score 5 (severe)—large and small stem pittings over a wide range, most
twigs have symtoms, 3 (medium)—only small stem pittings over a wide range or few large stem pittings,1
(slight)—very small or line-like stem pittings, and 0 (None)—no symtoms.

Table 7. Date of full bloom and pollen fertility of 'Kankitsu Kuchinotsu 41 Gou', hyuga-natsu, 4x 'Kawano
natsudaidai' and 'Kawano natsudaidai' at Kuchinotsu, Nagasaki (2011 and 2012)

Cultivar Date of Pollen fertility”
full bloom (%)
Kankitsu Kuchinotsu 41 Gou May 18 84.9
Hyuga-natsu May 19 83.2
4x Kawano natsudaidai May 14 82.8
Kawano natsudaidai May 15 82.4

* Percentage of pollen grains well stained by aceto carmine (averaged with 5 flowers)
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Table 8. Hyuga-natsu frut, seed and bearing characteristics as affected by pollenizer

.. Number of seeds per fruit Fruit set Fruit weight
Pollinizer
Well-developed seed  Imperfectly developed seed Empty seed (%) (g)
Kankitsu Kuchinotsu 41 Gou 0.9a 20.6 b 18.4 66.7 208
Kawano natsudaidai 30.5¢ 3.3a 10.9 65.0 224
4x Kawano natsudaidai l4a 22.4Db 19.8 56.7 189
Open pollination 19.8b 1.6 a 23.2 6.7 181
Significance™
Treatment w w NS wx NS
Year NS NS NS NS NS
Table 8. Continued
. . . W Flesh weight ratio” Rind thickness Soluble solids Acidity
Pollinizer Fruit shape index content
(%) (mm) . (g/100ml)
(' Brix)
Kankitsu Kuchinotsu 41 Guo 111 62.9 6.3 11.6 1.42
Kawano natsudaidai 111 62.1 6.8 11.5 1.59
4x Kawano natsudaidai 115 62.1 6.4 11.4 1.50
Open pollination 112 65.3 6.0 11.5 1.44
Significance”
Treatment NS NS NS NS NS
Year NS NS NS NS NS

“Testing was conducted in 2005 (Shizuoka and Kochi) and 2012 (Kuchinotsu). Mean values for 3 locations are shown in this table.

Y Different letters represent siginificant difference by least significant differences at 2=0.05.
*NS, *, or ** indicates nonsignificant at £=0.05, significant at £=0.05, or P=0.01, respectively, in analysis of variance whose model is shown below

Py=u+T; +L; +ey

P ;- Measurement value of the 7th treatment in the jth location; z2: Overall mean; 7';: Effect of the ith cultivar; L ;: Effect of the jth

location; £ : Residual

“( Transverse diameter / longitude diameter ) x 100
Y( Flesh weight / fruit weight ) x 100
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Fig.1 Flower of 'Kankitsu Kuchinotsu 41 Gou'

Fig.2 Fruit of Kankitsu Kuchinotsu 41 Gou'
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Fig3 Fruit of Hyuga-natsu pollinated with 'Kankitsu Kuchinotsu 41 Gou', 4x 'Kawano
natsudaidai', 'Kawano natsudaidai, and open pollination (from left to right)
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Fig4 Seed number of Hyuga-natsu pollinated with 'Kankitsu Kuchinotsu 41 Gou', 4x 'Kawano
natsudaidai', 'Kawano natsudaidai, and open pollination (from left to right)
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