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New Citrus Cultivar ‘Tsunonozomi’
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Summary

‘T'sunonozomi’ is a new early-ripening citrus (Citrus sp.) cultivar released by the National Agriculture
and Food Research Organization (NARO), Institute of Fruit Tree Science (NIFTS). It originated from a
cross between ‘Kiyomi’ (C. unshiu x C. sinensis) and ‘Encore’ (C. nobilis x C. deliciosa) that was performed
in 1974 at the Kuchinotsu Branch, Fruit Tree Research Station, Nagasaki, Japan. It was initially selected
in 1985. From 2001, when it was designated Kankitsu Kuchinotsu No.37, it was included in the 9th citrus
selection national trial, which was conducted at 31 experimental stations in Japan. It was ultimately
selected in August 2009 and authorized under the name Mikan Norin No.18 ‘T'sunonozomi’ in March
2012, and subsequently registered as a new cultivar (No0.20788) under the Plant Variety Protection and
Seed Act of Japan on 24 May, 2011.

The tree has medium vigor with a shape intermediate between upright and spreading. Its degree of
alternate bearing is lower than those of ‘Benibae’ and ‘Encore’. There is no fruit puffing. Its resistance

(2018 410 A 25 H=2fF - 2018 4F 1 H 12 H=3)

TSR

I IN

OB BB ESET BB T

"Bl ARPEHETE AR EERE Y v — IR

U0 PR U A SRR A SR R ZE SR ORI D Il
TOOUBL TR S AN SETT SO P AR R - FERFEAE ORI Tl
OB RISE AR v — BRI

* Corresponding Author. Email: yt0517@affrc.go.jp



48 WP RS SRR 3% 2019

to citrus scab caused by Elsinoé fawcettii is higher than that of satsuma mandarin, but its resistance

to citrus canker caused by Xanthomonas citri pv. citri is low, similar to that of navel orange. Stem

pitting due to citrus tristeza virus is minor. The oblate fruit weighs about 180 g. The rind is orange,

2.4 mm thick on average, and has medium peelability. The fruit surface texture is medium. The fruit

ripens in late December in open field cultivation at Minamishimabara, Nagasaki. The soluble solids

content (Brix) of juice is moderately high (about 12%), and the acidity decreases to <1.0 g/100 ml in

the ripe fruit. The flesh is moderately soft and juicy with a distinctive flavor like that of ‘Encore’. The
B-cryptoxanthin content in the flesh is as high (1.82 mg/100 g fresh weight [FW]) as that of satsuma
mandarin. The fruit contains a moderate number of seeds.

Key words: Citrus, mandarin, early-ripening, fruit breeding, B-cryptoxanthin
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—— Miyagawa-Wase

Kiyomi
— Trovita
Tsunonozomi
— King
Encore —
——  Willowleaf

Fig. 1 Pedigree of ‘Tsunonozomi’.
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Table 1. Tree and leaf characteristics of ‘T'sunonozomi’, ‘Benibae’, ‘Encore’ and ‘Okitsu-Wase’ in 2008 at NIFTS, Kuchinotsu,

Japan.
One-year-old shoot size  Nymber Leaf blade size . Petiole size
Cultivar \;fgrirez sg;gz . (cm) Leaf blade shape (cm) Wing (mm)
Diameter Length Internode thorns™ Length Width Length Diameter

Tsunonozomi  Medium Medium 31cv 16.9 23b Many Spindle-shaped 9.1a  4.0a Vestigial 19.3a 23a
Benibae Strong  Upright 3.8b 17.0 2.6ab  Many Spindle-shaped 7.1b 4.1a Vestigial 98¢ 1.6b
Encore Strong  Upright 2.6d 11.8 1.3¢ Medium Lanceolate 5.6¢ 24b Vestigial 6.6d 1.5b
Okitsu-Wase Medium Spreading 4.3 a 26.1 2.7a Few  Spindle-shaped 7.5b  3.9a Vestigial 14.7b 23a
Significance "

Among cultivars 4k NS %% e sk stk sk

» Classified into five classes: weak (standard cultivar: ‘Meiwa’ kumquat), moderately weak, medium (‘Kiyomi’, hyuganatsu), moderately strong
and strong (hassaku).

¥ Classified into four classes: upright (standard cultivar: ‘Ohta ponkan’), medium (‘Miyauchi iyokan’), spreading (kishu-mikan) and weeping
(‘Kiyom{’).

x Classified into four classes: none (standard cultivar: kishu-mikan), few (‘Encore’), medium (‘Meiwa’ kumquat) and many (hyuganatsu).

v Classified into four classes: none (standard cultivar: ‘Kiyomi’), little ('"Encore’), medium (‘Miyauchi iyokan’) and much (hyuganatsu).

v Means were tested for significance of differences using Tukey’s HSD test at P < 0.05.

v NS, not significant; asterisks, significant at *P < 0.05, **P < 0.01, ***P < 0.001 (1-way ANOVA).
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Table 2. Flower and physiological characteristics of ‘Tsunonozomi’, ‘Benibae’, ‘Encore’ and ‘Okitsu-Wase’ in 2008 at NIFTS,
Kuchinotsu, Japan.

Flower  Petalsize - . .
. . (mm) Petal  Visible Ovary  Alternate Preharvest Fruit Fruit
Cultivar Inflorescence weight . ire
—  number pollen” shape bearing? drop* puffing™ splitting”
®  Length Width
Tsunonozomi Single 0.46 138b" 7.1a 48 Medium Compressed Low Few None Little
Benibae Single 030 10.2c¢ 6.1b 4.6  Medium Oblate Medium Few None Medium
Encore Single 023 10.0c 54c 50 Medium Compressed High Few Little  Medium
Okitsu-Wase Single 043 172a 6.6a 4.8 Little Cask Low None Much None
Significance!
Among cultivars ok ok

# Classified into four classes: none (standard cultivar: ‘Kiyomti’), little (‘Encore’), medium (‘Miyauchi iyokan’) and much (hyuganatsu).

v Classified into three classes: low (standard cultivar: ‘Miyauchi iyokan’, kishu-mikan), medium (‘Ohta ponkan’) and high (‘Encore’,
‘Kiyomi’).

* Classified into four classes: none (standard cultivar: shiikuwasha), few (‘Miyauchi iyokan’, ‘Encore’), medium (‘Ariake’) and many
(trifoliate orange).

v Classified into four classes: none (standard cultivar: hyuganatsu, ‘Kiyomi’), little (‘Miyauchi iyokan’, ‘Encore’), medium (kishu-
mikan) and much (‘Hira-kishu’, ‘Ohta ponkan’).

v Classified into four classes: none (standard cultivar: ‘Miyauchi iyokan’, ‘Encore’), little, medium (‘Ariake') and much.

v Means were tested for significance of differences using Tukey’s HSD test at P < 0.05.

t NS, not significant; asterisks, significant at *P < 0.05, **P < 0.01, ***P < 0.001 (1-way ANOVA).

Table 3. Fruit characteristics of ‘Tsunonozomi’, ‘Benibae’, ‘Encore’ and ‘Okitsu-Wase” harvested on 4 December, 2008 at
NIFTS, Kuchinotsu, Japan.

Fruit Fruit Rind

Cultivar weight  Fruit shape  shape Rind color Fruit thickness Peeling * Full r1'nd -
. surface? coloration
(2) index” (mm)
Tsunonozomi 190 Oblate 135 Orange Medium 2.4 Moderately easy Mid Nov.
Benibae 160 Oblate 129 Strong reddish Moderately 2.5 Moderately easy Mid Nov.
orange smooth
Encore 91 Compressed 130 Strong Moderately 2.5 Moderately easy  Mid Jan
yellowish red smooth : :
Okitsu-Wase 113 Oblate 128 Orange Medium 32 Easy Early Nov.

# (Transverse diameter / longitudinal diameter) x 100.

v Classified into five classes: smooth (standard cultivar: ‘Murcott’), moderately smooth, medium (‘Miyauchi iyokan’),
moderately rough and rough (yuzu).

x Classified into five classes: easy (standard cultivar: ‘Ohta ponkan’, kishu-mikan), moderately easy, medium (‘Miyauchi
iyokan’), moderately difficult and difficult (‘Seihou’).

% Time when the rind of the fruits on the tree was fully colored.

Table 3. Continued.

Firmness Soluble solids Acidity Tyoe of Number
Cultivar Flesh color of segment Juiciness" content yp
Y o (g/100 mL) aroma of seeds
membrane %)
Tsunonozomi Dark orange Soft High 11.7 0.74 Encore 3.5
Benibae Dark orange Soft High 11.7 0.94 Encore 3.7
Encore Dark orange Soft High 10.7 2.14 Encore 26.6
Okitsu-Wase Dark orange Soft High 9.9 0.70 Satsuma 0.0

mandarin

v Classified into three classes: soft (standard cultivar: ‘Ohta ponkan’), medium (‘Miyauchi iyokan’) and hard (‘Hayaka’).
u Classified into three classes: low (standard cultivar: hassaku), medium (‘Harumi’) and high (‘Kiyomi’, ‘Amakusa’).
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Table 4. Carotenoid contents in fruit flesh of ‘Tsunonozomi’, ‘Benibae’, ‘Encore’ and ‘Okitsu-Wase’*

Content (mg /100 gFW)

Cultivar

Phytoene (-Carotene Lycopene o-Carotene Lutein  p-Carotene p-Cryptoxanthin Zeaxanthin Violaxanthin carTo(t)(:llloi d
Tsunonozomi 0.23+0.08a 0.37+0.11 0.02+0.03 0.01+0.00 0.11+0.01a 0.09+0.04 1.82+0.41 0.12+0.04 0.99+0.28ab 3.76+0.62a
Benibae 0.20£0.09a  0.24+0.07 0.01x0.01 0.02+0.01 0.20+0.05a 0.12+0.05 1.77+0.50 0.13£0.09 0.75+0.13b  3.44+0.52a
Encore 0.17+¢0.10ab  0.19+0.06  n.d.¥  0.01x0.01 0.11x0.01a 0.09+0.05 1.34+0.14 0.09+0.01 1.31x0.16a 3.32+0.47a
Okitsu-Wase 0.07+0.03b  0.15+0.03 0.01+0.01 0.01x0.00 0.04+0.02b 0.07+0.04 1.53+0.10 0.07+0.01 0.32+0.12¢c  2.26x0.13b
Significance *
Among cultivars * NS NS wok NS NS NS * wok
Among years * NS NS NS NS NS NS ok NS

» Carotenoids were extracted from the fruit flesh and analyzed according to Kato et al. (2004). Five fruits were sampled from one tree of each
cultivar in December 2007, 2008, and 2009. Data of each cultivar from the 3 years were averaged, and values represent means + standard
deviation.

v Means were tested for significant differences using Tukey’s HSD test at P < 0.05. Carotenoid contents were analyzed as log-transformed values.
Lycopene was eliminated from the statistical analysis because that of ‘Encore’ was not detected.

* NS, not significant; asterisks, significant at *P < 0.05, **P < 0.01, ***P < 0.001 (2-way ANOVA).

¥ Not detected.



Table 5. Tree characteristics of ‘Tsunonozomi’ during the citrus selection national trial from the 2005-06 season to the 2008-09

B s 0 vy Franfl HZE

season’.
Tree Density Thorns Occurrence Occurrence
Location Tree vigor* shape™ of Number®  Lenoth of of
D twigs ™ umber ngt citrus canker" citrus scab"

Kanagawa . . _ _
(Odawara) Medium Medium Dense Many Long
Sh1gu0ka Medium Medium  Medium Few Short None None
(Shizuoka)
Shizuoka? Medium Medium Dense — Few - Short Slight None
(Gamo) medium  medium
Aichi . . . .
(Gamagori) Medium Spreading  Dense Many Medium Slight None
Mu? ) Moderate!y weak — Upright Den§e - Fevy - Short Moderate — None
(Minamimuro) medium medium  medium severe
Wakayama? Moderately weak — Upright — . Few - . Slight —
(Arida) medium medium Medium medium Medium moderate None
Osaka . . Dense - None - None -
(Habikino) Medium Medium medium few Short moderate None
Hy9go . Medium Medium  Medium Few - Short - Nqne - None
(Minamiawaji) many medium slight
Yamaguchi Medium Medium Dense Few - Short - Slight - None
(Oshima) medium medium moderate
Kagavya Medium Medium  Medium Many Medium — None None
(Sakaide) long
Tokushima¥ . Medium - Dense - Few - None -

Medium . - Long None
(Katsuura) spreading medium many moderate
Ehime Moderately strong ~ Medium Dense - Medium - Medium — None None
(Matsuyama) medium many long
I(%l gﬁlg Medium Medium  Medium Many Medium None None
Ehlmg Weak — medium Medium Dense — Few - Sho.“ - None - None
(Uwajima) medium  medium medium slight
Fukuoka Moderately weak — . Dense -
(Chikushino) medium Medium medium Few Short None None
Sagz; Medium Medium Dense Nonp - Short None Nqne -
(Ogi) medium slight
Saga? . . Medium -  Short — None -
(Karatsu) Medium Medium Dense many medium slight None
Nagasaki Medium Medium Den§e - Fevy - Shoyt - Slight — None
(Omura) medium medium  medium moderate
Nagasaki Medium Upright— Dense - Few - Short - None - None
(Minamishimabara) medium medium  medium long moderate
Kumamoto?¥ . . Dense - . . .
(Uki) Medium Spreading medium Medium  Medium None Slight
Ohita Medium - . . . . None -
(Kunisaki) moderately strong Medium Medium Medium  Medium slight None
Ohita . Medium Medium Medium Medium  Medium None None
(Tsukumi)
M1yazak1. Medium Medium  Medium Medium - Short Slight None
(Miyazaki) many
Miyazaki Medium Medium - Sparse Few - Short None None
(Nichinan) spreading medium
Kagosh}may Medium - Medium  Medium Many Medium - Slight - None
(Tarumizu) moderately strong long moderate

# Data are the range of values in the 4 years.

v Data of 3 years.

x Classified into five classes: weak (standard cultivar: ‘Meiwa’ kumquat), moderately weak, medium (‘Kiyomi’, hyuganatsu),
moderately strong and strong (hassaku).
v Classified into three classes: dense (standard cultivar: ‘Miyauchi iyokan’, ‘Setoka’), medium (natsudaidai, hyuganatsu) and
sparse (‘Hayasaki’, ‘Lisbon’ lemon).
v Classified into four classes: none (standard cultivar: ‘Miyauchi iyokan’), few (‘Encore’), medium (‘Meiwa’ kumquat) and

many (hyuganatsu).

u Classified into four classes: none, slight, moderate, and severe.
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Table 6. Fruit characteristics of “T'sunonozomi’ of the citrus selection national trial from the 2005-06 season to the 2008-09

season”.
. . . Percentage
Month Fruit Fruit Rind . . .
Location of fruit  weight shape thickness Peeling * Fruit . F.“%“ . Frult. of . Pulp Juiciness*
valuation (g) index* (mm) puffing™ splitting" granulation flesh weight firmness*®
evaluatio e %) v
?ga‘:ﬁm Jan.  130:27 1222 24504 MM None  None  Nome  70.9:43 Moderatel tender=ypoqypy,
Shizuoka Dec. - Medium - Moderately tender -  Medium -
(Shizuoka) Jan. 148:28 129:3 2.1:04 moderately difficult None None None 83.0:2.5 medium moderately high
Shizuoka? . None - Medium - Medium -
(Gamo) Jan. 164+12 129+5 2.1:+0.4 Moderately difficult None little None 82.6+3.1 moderately hard moderately high
L. Moderately difficult
Aichi Dec.  196:60 129:3 2.3:0.3 B None NOB€-  Nope  gL1p1g Moderatelyhard -y
(Gamagori) difficult little hard
%ﬁ?ﬂamimuro) Dec. 199+44 129+5 3.2+0.3 N{fﬁéggﬁ_ None  None None 78.4+1.8 Moder:lzgutrf;lnder ~  Medium
Wakayama* Dec.  199+34 128+:4 3.7:0.9 Medium None NODE—  Noie  765:16 Tender =y ro dium - high
(Arida) little medium
Osaka Dec. - . None - Tender — .
(Habikino) Jan. 170+16 127+4 2.3+0.3  Easy — medium None little None 81.8+1.5 medium High
f‘l\}’l‘i’i’miawaﬁ) Dec= 21671 13027 25:03  MOUUBT None  None  Nome  782:18 Tender - M"derﬁ‘itgg low -
S({Srsrﬁilac)hl Dec.  185:25 133:3 2004 MOUTAN Y= Nope  None  None 816w Moderalelytender— oy
Kagawa . None — Tender - Medium -
(Sakaide) Dec. 226+45 13619 2.7:0.4 Moderately difficult slight None None 81.9+2.5 medium moderately high
ggft‘;}::gfy Dec. 18327 125:7 27:06 MOUTAN AV None  None  Nome  80.6:2.7 M&%edrg:&;eﬁgf&— Medium - high
I(El\l}liarl?:uyama) Dec. 184+48 126:4 2.8+0.4 MOdT;?;eilXIEasy ~ None None None 80.7+2.2 mo ng?ggrtgn der Medium - high
Ehime Dec. - Moderately easy — Tender - Medium -
(Ochi) Jan. 145+36 127+5 1.9+0.3 medium None None None 83.3+0.9 hard moderately high
Ehime Dec.= " 175:96 12416 23102 Easy - None Nome  Nome 81314 Tender - Medium
(Uwajima) Jan. moderately easy moderately tender
}(Té‘}lfi‘fglksiino) Dec.  176:11 126:5 2.30.3 rg@%‘i‘;ﬁgy gy Nome None  Nome  817+15 M"deflfgufl“der = Medium
. Moderately

Saga Dec.— 167,17 12746 23s03 Moderatelyeasy— o o None  Nome  833:12 Medium — high —
(Ogi) Jan. medium moderately hard high
?ggtsu) Dec.  201:28 139:4 23103 Easy None Nome  Nome 83814 Moderaleytender= pp
Nagasaki Dec. - Easy - None — Tender — . .
(Omura) Jan. 164+16 127+3 2.2+0.3 moderately easy  slight None None 82.8+1.1 moderately tender Medium - high
Nagasaki . None - None - Tender — .
(Minamishimabara) Dec. 192+28 132+4 2.0£0.3 Medium slight little None 83.7+2.1 medium High
Kumamoto® — Dec.— 36,63 199,56 2,6:0.5 Medium None None  None  80.1:1g Moderatelytender— s ;.
(Uki) Jan. moderately hard
Ohita Easy - Moderately tender -  Medium —

Dec. 164+15 12644 2.6+0.3 None None None 82.5+1.7

(Kunisaki) medium medium moderately high
Ohita Moderately easy — None — Tender - Low -
(Tsukumi) Dec. 159+14 131+3 2.1+0.4 difficult None little None 83.2+1.7 hard moderately high
Miyazaki Easy - . Low -
(Miyazaki) Dec. 141216 13127 1.7:0.5 medium None None None 84.4+3.1 Medium moderately high
Miyazaki Dec. - Medium - None - . . .
(Nichinan) Jan. 21647 129+6 1.9+0.3 difficult slight None None 83.6+1.5 Medium Medium - high
Kagosh@ma ! Dec. - 187+25 131x5 2.5+0.8 Medium None  None None 83.5¢.3.4  Moderately tender Medium - high
(Tarumizu) Jan.

Average — 180445 12946 2.4+0.6 - - - - 81.8+2.9 - -

# Data are the mean =+ standard deviation or range of 4 years or ¥ 3 years.

* (Transverse diameter / longitudinal diameter) x 100.

v Classified into four classes: none, slight, moderate and severe.

v Classified into four classes: none (standard cultivar: ‘Miyauchi iyokan’, ‘Encore’), little, medium (‘Ariake’) and much.

u Percentage of fresh weight = (fresh weight without fruit skin) / (fruit weight) x 100.

t Classified into five classes: tender (standard cultivar: ‘Kiyomi’, ‘Amakusa’), moderately tender, medium (‘Miyauchi iyokan’), moderately hard and hard
(hassaku).
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Table 6. Continued 2.
Thickness of Soluble Number Number Beginnin
Location segment solids Acidity of of Sprouting Full 0% rind € Full rind Ripening
membrane® content (g/100 mL) d imperfect  timer bloom ¢ loration ? coloration*  time°
(mm) (%) seedas seeds coloration

?832%?5 Medium 12312 090003 47:+14 65+43 MidApr. LateMay MidNov. MidDec. Late Dec.
Shizuoka Thin — 115+03 080+0.10 60+08 13.0+7.0 FarlyApr. MidMay MidOct. Late Nov. Late D
(Shizuoka) moderately thick 0+0. .80 + 0. .0 £ 0. 07, arly Apr. 1 ay id Oct. te Nov. te Dec.
?g;zrlrllg?a MOd?;é;tgilgntlhin T 127+08 085+0.05 3.1+0.0 13.9+0.0 EarlyApr. Late May Late Oct. FEarly Dec. Early Jan.
?éﬁrl;agori) l\fn%%irrffélyytf‘ﬁgg 11.7+14 0.74:006 25:15 7.7+37 EarlyApr. MidMay Late Oct. Late Nov. Late Dec.
I(\{\[/il?namimuro) Medium 116 0.7 0.80+0.08 5.0+28 7.5+3.0 EarlyApr. Early May Late Oct. Late Nov. Late Dec.
‘(’Xﬂ‘fay)ama n}:‘é?u;l 124+14 078+0.08 58+35 10.8+07 EarlyApr. MidMay MidOct. Late Nov. Mid Dec.
Osaka Thin - 123+0.6 0.67+0.13 98:73 56+69 MidApr. MidM Mid O Mid Dec. Early D
(Habikino) medium 3 +0. .67 = 0. 8+ 7. .6+ 6. id Apr. 1 ay id Oct. id Dec. Early Dec.
?ﬁ?f;’miawaji) Medium 12413 055+0.07 5139 4431 MidApr. Late May Late Oct. Mid Nov. Late Dec.
S({Srslﬁrgﬁl;)hi Medium 108+0.3 0.89+0.05 57+19 11.1+1.8 EarlyApr. Mid May Early Nov. Early Dec. Late Dec.
I((Se;gkaavivie) Medium 10.3+1.2 062+0.13 1.0+£0.0 17.0+0.0 Early Apr. Mid May Early Nov. Early Dec. Mid Dec.
Tokushima Thin - 11.0£1.0 099:0.16 44+02 138480 - - - ~ MidDec.
(Katsuura) medium
]E:I\}}Ig?sellyama) ng‘&?u;n 108+12 094:013 66+30 93+49 MidApr. MidMay LateOct. Early Dec. Late Dec.
Ehime Moderately thin— 15 gg (78.012 96+00 3500 MidApr. Mid May - - -
(Ochi) medium
]E:I}Jl\l)vn;j(;ma) mTcP(i?u_m 133+16 1.15+0.11 4.6+2.0 155+88 Late Mar. Early May Mid Oct. Early Dec. Early Jan.
Fukuoka Medi 11.7+0.7 089+0.06 133+14 6.6+15 EarlyApr. MidMay Late O Late Nov. Mid D
(Chikushino) edium 7 £0. .89 + 0. REDE 6+ 1. arly Apr. 1 ay te Oct. te Nov. id Dec.
?ggg?) Thin 11607 085+0.09 62+54 94+43 EarlyApr. MidMay MidOct. Mid Nov. Early Jan.
%I%ira atst) Medium 10.9+0.3 0.83+£0.05 55+2.7 18.6+58 EarlyApr. Mid May Mid Oct. Mid Nov. Late Dec.
I(‘Ioargnf;l;i M"d‘f; fgill{;lhi“ = 123405 087+018 19+05 11+11 FEarlyApr. EarlyMay  — ~ lateDec.
I(\I{/f‘ﬁ;if‘slﬁiimabm) M"d%a}‘;l)y thin 495,11 0904016 87+117 146+95 Late Mar. FarlyMay Late Oct. Mid Nov. Late Dec.
ﬁ}‘lg‘)am"m Medium 11.5+0.3 0.87+0.13 3421 20.1+151 EarlyApr. Mid May Mid Oct. Late Nov. Mid Dec.
?éﬁgs ) (ghﬁl) 123407 0854002 55:22 191+41 LateMar. Mid May - Early Dec. Mid Dec.
((Ql‘hsittliumi) (0.18) 124+03 092+0.05 85+4.7 4.7+4.1 EarlyApr. Early May Mid Oct. Mid Nov. Mid Dec.
1(\1’{}[{%2;‘11{1) Igz‘é?u;l 108+0.2 1.084019 98+17 165+3.0 Late Mar. EarlyMay LateOct. FEarly Dec. Late Dec.
Miyazaki Medium 11.0£09 070£008 26+13 149:95 Late Mar. EarlyMay Early Nov. EarlyDec. Mid
(Nichinan) ©.11) 0+0. .70 0. 6+ 1. 9+9. te Mar. Early May Early Nov. Early Dec. id Jan.
I(%%ﬂi% “Iflg‘glffrzttzlg tt?lllfc’k‘ 113+0.8 0.72+009 135:62 15500 MidMar. EarlyMay LateOct. Early Dec. Late Dec.

Average 0.14 11.7+12 084+0.17 6.4+52 11.1+79 EarlyApr. Mid May Late Oct. Late Nov. Late Dec.
s The thickness of the segment membrane was either measured with a micro-caliper (numerical values) or classified into five classes by

masticating the segment membrane (verbal descriptions): thin (standard cultivar: ‘Setoka’, ‘Harumi’), moderately thin, medium (‘Aoshima’

unshu), moderately thick, and thick (hassaku, natsudaidai).
* Time when >50% of the buds on the tree had grown >3 mm.

4 Time when >80% of the flower buds on the tree were open.
» Time when 10% of the rind surface began coloring.
° Time when the eating quality of fruit on the tree was best.
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Table 7. Resistance of ‘Tsunonozomi’ to citrus scab caused by Elsinoé fawcettii*.

Disease severity indices”

Cultivar
2005 2006 2007 2008
Tsunonozomi 0 0 0 0
Satsuma mandarin 2.1 11.6 6.7 0.8

» Data refer to the evaluation of disease resistance at the Shizuoka Prefecture Citrus Experimental

Station.
v Disease severity index: [(5bA + 3B + 1C + 0D) / 5N] x 100,

where A to D represent the number of samples in categories A = severe, B = moderate, C = slight,
and D = none, and N is the number of samples investigated. There was no significant difference

between the two cultivars by paired t-test at P < 0.05.

x ‘Dobashi-Beni” unshu from 2005 to 2007 and ‘Aoshima’ unshu in 2008 were used as reference

cultivars of satsuma mandarin.
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Table 8. Resistance of ‘Tsunonozomi’ to citrus canker caused by Xanthomonas citri pv. citri*.

Cultivar

Disease severity ¥

2005 2006 2007 2008
Spring Summer Twigs Fruit Spring Summer Twigs Fruit Spring Summer Twigs Fruit Spring Summer Twigs Fruit
leaves leaves leaves leaves leaves leaves leaves leaves
Tsunonozomi BC A AB C BC AB C C C CD DE D D D D
Satsuma mandarin
cv. Hayashi Unshu D E - D CD - E CD E E E E E E
Navel orange BC A BC - C A - p B D D C BC D DE

cv. Morita navel

* Data refer to the evaluation of disease resistance in the Agricultural Research Division of the Mie Prefectural Science and Technology Promotion

Center.

v Degree of occurrence of citrus canker: A = most severe, B = severe, C = moderate, D = slight, E = none.

Table 9. Resistance of ‘T'sunonozomi’ to citrus tristeza virus

Rate of occurrence of stem

Year pitting (%) Disease severity index*
2006 0.0 0.0%
2007 0.0 0.0
2008 10.0 2.0
2009 0.0 0.0

» Data refer to the evaluation of disease resistance at the Ehime Fruit Tree Experimental

Station.

v Percentage of samples showing symptoms among ten 2-year-old shoots per tree.

x Disease severity index = [(5A + 3B + 1C + 0D) / 5N] x 100,

where A to D represent the number of samples in categories A = severe, B = moderate,
C = slight, and D = none, and N is the number of samples investigated.
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Fig. 3 Fruits of “Tsunonozomi’.
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