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New Ornamental Citrus Cultivar* Minimyrtle No. 1’
Suited to Pot Plant and Garden Tree

Toshio YosHipa, Hirohisa Nesumi, Isamu Ueno, Yuji ITo and Terutaka YosHiokA

Okitsu Citrus Research Station, National Institute of Fruit Tree Science
National Agriculture and Food Research Organization
Shizuoka, Shizuoka 424-0292, Japan

Summary

‘Minimyrtle No. 1' is a new citrus cultivar released in 2008 by the Okitsu Citrus Research Station,
National Institute of Fruit Tree Science, National Agriculture and Food Research Organization. It origi-
nated from a cross between 'Kusaie lime' x Myrtle-leaf orange, made in 1980 at the Okitsu Branch of the
Fruit Tree Research Station to study the inheritance of dwarfism from Myrtle-leaf orange. It was select-
ed as a promising ornamental citrus suitable as a pot plant and a garden tree. It was registered as No.
16773 under the Seed and Seedlings Law of Japan on March 18, 2008. The tree has weak vigor and its
growth habit is between upright and spreading. It seems resistant to citrus scab and citrus canker. Its
twigs, leaves, flowers and fruit are very small as a citrus plant and the tree bears abundant flowers.
The fruit develops color in March and remains attached to the tree for about two years. Each fruit
weighs about 12g and is globose in shape. The rind is reddish orange in color and about 2.5 mm thick.
The rind percentage is high. The surface texture of the fruit is somewhat coarse. The flesh is yellowish
orange in color and not juicy. The fruit is inedible because it is small and very acid and the flesh per-
centage is small. This cultivar can grow outdoors in citrus-growing areas in Japan. If the cultivar is
grown as a pot plant and moved indoors in winter, it can be grown more widely .

Key words: citrus, ornamental, new cultivar, dwarfism
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Table 1. Tree size of 'Minimyrtle No. 1' at various tree ages (2004).

0 O Culture Size of Rootstock Tree age Tree Height of Width of
0 O method pot (cm)? (year) number tree (cm) tree (cm)
Open cultureY Own root (original tree) 24 1 240 150
Open culture® Trifoliate orange 11 5 88 72
Pot culture 30 Trifoliate orange 11 2 93 50
Pot culture 18 Trifoliate orange 11 3 56 38
Pot culture® 12 Trifoliate orange 2 8 89

ZInside diameter.

Y Transplanted after growing in a 30 cm pot for 8 years.
X Transplanted after growing in a 30 cm pot for 9 years.
Y Trees were grafted and grown in a greenhouse.

Table 2. Tree characteristics of 'Minimyrtle No. 1' compared with Myrtle-leaf orange and 'Kusaie lime' (2002).

Tree Tree Density Occurrence Occurrence Full
0 O Cultivar growth of Thorn of of

vigor habit twigs citrus canker  citrus scab bloom
Minimyrtle No. 1 Weak  Intermediate’ Dense None None None Mid-May
Myrtle-leaf orange Weak Spreading Dense None None None Mid-May
Kusaie lime Weak Spreading Dense Medium Medium Medium Mid-May

% Intermediate between "upright" and "spreading".

Table 3. Shoot and leaf characteristics of 'Minimyrtle No. 1' compared with Myrtle-leaf orange and 'Kusaie lime' (2002).

Thickness Length Length Size of Leaf blade Leaf blade Leaf Petiole Petiole Leaf
0 O Cultivar of of of leaf blade length width  shape length width thickness

shoot (mm) shoot (cm) internode (cm)  (cm?) (cm) (cm) index* (mm) (mm) (mm)
Minimyrtle No. 1 18 53 05 153 21 10 20 37 0.8 0.25
Myrtle-leaf orange 2.3 7.7 0.5 244 3.2 12 27 5.6 1.0 0.31
Kusaie lime 16 51 0.9 11.85 6.8 26 26 6.8 12 0.19

Z Leaf blade length/leaf blade width.
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Fig. 2. Flowers of 'Minimyrtle No. 1' compared with those
of the parents.(Top:'Kusaie lime', center:'Minimyrtle
No. 1', bottom:Myrtle-leaf orange)
Fig. 1. Leaves of 'Minimyrtle No. 1' compared with those of
the parents.(Top:'Kusaie lime', center:'Minimyrtle
No. 1', bottom:Myrtle-leaf orange)

Table 4. Flower characteristics of 'Minimyrtle No. 1' compared with Myrtle-leaf orange and 'Kusaie lime' (2002).

Flower Petal Petal Petal No. No.
0 O Cultivar weight? length width shape of of
(9) (mm) (mm) index petals filaments
Minimyrtle No. 1 0.16 12.9 5.6 2.3 5.0 20.2
Myrtle-leaf orange 0.36 18.2 6.7 2.7 5.0 28.7
Kusaie lime 0.31 17.8 6.2 29 5.0 218

Z At the time of beginning of flowering.
Y Petal length/petal width.

Table 5. Fruit characteristics of 'Minimyrtle No. 1' compared with Myrtle-leaf orange and 'Kusaie lime' (2002).

Fruit  Fruit D/H  Peel Rind Fruit Rind  Firmness Fruit
O O Cultivar weight color surface  thickness of Peeling
(9) shape index* index¥ color texture (mm) rind  puffing

Minimyrtle No.1 123 Globose 108 10  Reddish orange Semi-coarse 2.7 Semi-firm None Semi-easy
Myrtle-leaf orange 385  Oblate 112 10 Deeporange  Intermediate 4.2 Semi-firm Little Semi-easy
Kusaie lime 39.2 Globose 108 10 Yellowish orange ~ Smooth 21 Semi-soft None Semi-easy
Z (Diameter/height) x 100.

Y 0:green 10:full coloration.

Table 5. Continued.

Flesh Firmness ~ Firmness  Juice Number Number Time
0 O Cultivar of of Brix Acid Bitterness  of of of
color segmentwalls  flesh content (9/100g) seeds embryos  maturation
Minimyrtle No.1  Yellowish orange ~ Semi-firm  Semi-soft ~ Low 106 503  None 31 Monoembryonic March
Myrtle-leaf orange Orange Semi-firm  Semi-soft Semi-low 92 083  Slight 95  Polyembryonic January

Kusaie lime Yellow Semi-soft Soft High 81 665 None 146 Polyembryonic December
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Fig. 4. Fruiting shoots of 'Minimyrtl No. 1'.

Fig. 5. Fruit of 'Minimyrtle No. 1' compared with those of
the parents.(Top:Myrtle-leaf orange, center:
‘Minimyrtle No. 1', bottom:'Kusaie lime")

- B

Fig. 6. Nine-year-old 'Minimyrtle No. 1' tree planted in a 18
cm pot. (Tree hight: 45cm).

O0000000000000 Tables, Fig. 3, 4,50
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Growth, Fruit Productivity and Quality of
Columnar Type Apple Tree Grafted on JM Rootstock

Yuji INomATA, Hideo BessHo, Kazunori Kupo

and Tetsuo Masupa

Apple Pest Control Research Subteam,
National Institute of Fruit Tree Science (NIFTS),
National Agriculture and Food Research Organization (NARO)
Morioka, lwate 020-0123, Japan

Summary

A columnar type apple tree was grafted on JM rootstock and the influence on growth, fruit productiv-
ity and quality was examined.

Varieties grafted on JM5 had weak tree vigor and low fruit productivity, so there were practical diffi-
culties.

Varieties with weak tree vigor grafted on JM7 had high fruit productivity and quality, but the tree
vigor could not be maintained. Thus, combinations of these patterns appear to have practical difficul-
ties. Since tree vigor could be maintained when varieties with strong tree vigor were grafted on JM7,
these combinations may have practical potential.

Tree vigor could be maintained with varieties grafted on JM2, but strong alternate bearing
occurred. Practical varieties may be possible by breeding new varieties with non-alternate bearing or
developing new culture techniques with high flower bud formation.

Key words: columnar type apple, tree growth, fruit productivity, JM rootstock, fruit quality
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JM 5 JM 7 JM 2  Marubakaido
(Five trees) (Five trees) (Five trees) (Five trees)
Fig. 1. Experimental trees of JM2, JM5, JM7 and
MarubaKaido. Theses trees in picture are '85-60-74'
(six-year-old).
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Table 1. The influence of columnar type varieies, tree age and rootstocks on tree height, trunk cross area and total shoot lenght.

Variety Rootstock

Tree Age (year-old)

0 0 0 0 0 a
Tree height (cm)
8H-9-1 IM2 246 4 * 322+ 9 379+ 8 419+ 7 457+ 4 498+ 5
JM5 191+ 14 211+ 26 221+ 26 230 27 226+ 29 230+ 33
IM7 229+ 7 292+ 8 316+ 3 342+ 21 362+ 10 372+ 10
Marubakaido 283+ 1 361+ 3 413+ 4 446+ 1 484+ 10 522+ 4
85-60-74  JM2 196+ 4 245+ 10 307+ 22 337+ 14 378+ 8 433+ 13
JM5 133+ 7 152+ 8 170+ 9 183+ 13 194+ 17 193+ 17
IM7 178+ 2 230 2 262+ 2 291+ 5 319+ 7 332+ 14
Marubakaido 201+ 2 254+ 5 298+ 11 339+ 5 391+ 1 439+ 5
Wijcik IM2 175+ 4 205+ 3 252+ 4 283+ 2 325+ 1 364+ 0
JM5 126+ 0 144+ 9 145+ 20 173t 0 170+ 9 174+ 11
IM7 174+ 1 212+ 0 242+ 1 268+ 2 287+ 7 295+ 1
Marubakaido 191+ 2 233+ 0 276 2 308t O 347+ 3 388+ 2
Trunk cross area (cm®)
8H-9-1 IM2 9.82+ 0.42 20.65+ 0.72 31.53+ 0.05 41.03+ 1.17 50.94+ 0.97 58.22+ 0.91
JM5 3.61+ 0.63 4.56+ 1.00 4.73+ 0.53 5.77+1.18 6.20+1.46 6.54+ 1.53
IM7 5.48+ 0.34 9.32+ 0.78 11.19+ 0.35 13.48+ 1.03 15.78+ 0.05 16.21+ 0.27
Marubakaido 11.07£ 0.12 23.46+ 0.20 36.39+ 0.23 50.26+ 0.55 63.19+ 0.39 74.62+ 1.04
85-60-74  JM2 6.67+ 0.04 12.21+ 1.11 17.50+ 0.29 22.95+ 1.10 29.81+ 2.06 33.80% 1.87
JM5 2.06+ 0.23 2.66+ 0.40 2.93+ 0.19 3.08+ 0.43 3.38+ 0.55 3.65+ 0.43
IM7 4.02+ 0.12 5.90+ 0.38 7.40+ 0.35 8.36+ 0.91 9.32+ 0.74 10.72+ 1.01
Marubakaido 6.54+ 0.25 12.89+ 0.09 19.53+ 0.19 25.92+ 1.01 34.37+ 1.07 40.22+ 0.81
Wijcik Jm2 5.71+ 0.25 11.60+ 0.59 14.47+ 0.33 27.53+ 0.68 35.28+ 0.87 44.22+ 1.04
JM5 2.37£ 0.26 3.24+ 0.48 3.72+ 0.25 3.85+ 0.62 4.15+ 0.62 4.61+ 0.72
IM7 4.19+ 0.22 7.70£ 0.33 9.41+ 0.30 11.34+ 0.64 12.93+ 0.81 14.19+ 0.83
Marubakaido 6.49+ 0.30 14.17+ 0.71 21.33+ 0.54 33.46+ 2.09 43.18+ 2.65 55.07+ 4.52
Total Shoot length (cm)
8H-9-1 IM2 559+ 25 814+ 87 743+ 34 1117+ 47 999+ 9 477 45
JIM5 126+ 35 76+ 27 28+ 7 11+ 5 0+ 0 0+ 0
IM7 283+ 40 283+ 14 158+ 14 175+ 14 63+ 11 29+ 6
Marubakaido 748+ 12 1054+ 50 1080+ 36 1295+ 42 1384+ 199 721+ 69
85-60-74  JM2 188+ 9 288+ 23 366+ 15 527+ 98 645+ 94 461+ 27
JM5 46+ 7 44+ 7 38+ 10 22+ 4 0+ 0 0+ 0
IM7 104+ 12 140+ 21 131+ 2 108+ 6 77+ 9 44+ 14
Marubakaido 248+ 24 366+ 28 475+ 2 508+ 41 599+ 82 513+ 87
Wijcik IM2 216+ 16 249+ 14 349+ 47 418+ 5 574+ 103 477 77
JM5 72+ 10 58+ 9 23+ 8 13+ 4 6+ 4 0+ 0
IM7 165+ 19 180+ 7 148+ 10 123+ 5 47+ 4 29+ 11
Marubakaido 273+ 1 352+ 10 427+ 5 638+ 69 588+ 19 628+ 11

z Meant SE (no2)

Data were the means of two replications (Five trees per one replication) per treatment.
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Fig. 2. The influence of columnar type varieies and rootstocks on enlargement of the grafted union. Data were the
means of ten trees per treatment and were measured at eight-year-old tree Vertical bars indicate SE (nO 10).
Enlargement of the grafted union was calculated as follow,

Maximum diameter of grafted union
Maximum diameter of 10cm position
under graft union




gooooooooooooooooooooooooopooooooooboboooobooooo 11

ooooM00bO0oooOo0oooooboooobobooDnn
gboooboooebbOobOOObObOUODOODOODnO
oooooono 8s-60-74 DOOOOOJMSODOOIMY
gooosoobbooooobobooooobogoo
gommidogoddodoooooooooooo
MOOOooooooooobooobooobooooooon
ol coooo’ covsOoooosonbooobon
oboooooooooooomMrOOOoOovyoboOoOO
gooooooooMmOooooooooooonn
obooobooobooootoebobObOObOOOOODO
goooooooboooboooooooooboon
MsOOOoOoooooooooo

eSO OnoiM7O0ODO000O102a0005000000
MOO0OO00000oo0ooobOboooooi1abo0O0n

2000000000COOOOOsOOOO1000O
oboooooboooMmsobooioonomM7DODn
200 2800JM2000060280000000000
goosb2i100b0000s00OO0ODO0OObOI00D000O
0000000 Fg40D0OO0O 8H-9-1" OOIM7TOO
gboooboooooowmoboomMmsOooooon
goboooooooboooobooooboooon 8s-
60-74 OOOJM/OOOOOOOOOOOOJWMmM2000
obobooooooowmbonoooooon ooo
o0’ oowm7oooM20000000000IM50
gbobooooooboobooboooooooboon
oooo
goooooooboooboooodoooooog
000000000000 O0000Table3mOOoOnO

Table 2. The influence of columnar type varieies and rootstocks on the flower buddensity of the lateral branch.

Variety Rootstock Age of lateral branch (year-old)
a 0 0 0 ad
8H-9-1 M2 0.2+ 0.0 # 1.4+ 0.2 1.8+ 0.2 1.3+ 0.1 1.5+ 0.2
JM5 0 0 O 3.6+ 0.3 3.6+ 0.4
JIu7 1.3+ 0.2 3.2+ 0.3 4.4+ 0.5 3.3+ 0.2 3.4+ 0.3
Marubakaido 0.2+ 0.0 0.6+ 0.1 1.1+ 0.1 0.8+ 0.1 0.8+ 0.1
8S-60-74 JIM2 0 2.4+ 0.3 2.8+ 0.3 3.1+ 0.4 2.7£ 0.3
JM5 O 1.8+ 0.2 3.6+ 0.4 4.3+ 0.3 3.9+ 0.3
Iv7 0 4.4+ 0.4 3.3+ 0.3 4.5+ 0.4 4.2+ 0.4
Marubakaido 0 0.5+ 0.0 1.0+ 0.1 1.2+ 0.2 0.9+ 0.1
Wijcik JIM2 0 0.3+ 0.0 0.6+ 0.0 0.7+ 0.1 0.5+ 0.0
JIM5 O O 9.5+ 0.8 3.5+ 0.4 4.0+ 0.4
IM7 0.2+ 0.0 2.7+ 0.2 2.9+ 0.3 2.5+ 0.2 2.6+ 0.3
Marubakaido 0 0.1+ 0.0 0.6+ 0.1 0.3+ 0.0 0.3+ 0.0

Data were the means of four trees per treatment and were measured at eight-year-old tree.

Data represent the flower bud numbers per 10 cm on the lateral branch.

kg/tree
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Tree age (year—old)

Fig. 3. The influence of columnar type varieies, tree age and rootstocks, JIM2(o ), IM5(e

85—-60—-74
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JM7(0 ), Marubakaido (m ), on yield (kg/tree).

Vertical bars indicate SE (n0 2).
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Data were the means of two replications (five trees per one replication) per treatment.
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Fig. 4. The influence of columnar type varieies, tree age and rootstocks, JM2(o ), JIM5(e ),
JM7(0 ), Marubakaido (m ), on cumulative yield (t/10a).

Vertical bars indicate SE (n 2).

Data were the means of two replications (five trees per one replication) per treatment.
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Table 3. The influence of columnar type varieies, tree age and rootstocks on the fruit quality.

Variety Rootstock

Tree Age (year-old)

0 0 a a 0
Fruit weight (Qg)
8H-9-1 M2 227+ 3+* 219+ 5 192+ 6 213+ 1 176+ 1
M5 255+ 5 255+ 5 200+ 13 202+ 29 175+ 22
M7 240+ 6 259+ 4 222+ 0 225+ 3 184+ 7
Marubakaido 260+ 1 225+ 3 188+ 5 210+ 15 172+ 10
85-60-74  JM2 277+ 1 254+ 8 216+ 2 206+ 3 200+ 3
M5 294+ 12 282+ 1 229+ 3 213+ 2 185+ 4
M7 297+ 3 299+ 6 244+ 3 224+ 5 200+ 1
Marubakaido 251+ 7 239+ 2 213+ 1 198+ 3 196+ 4
Wijcik M2 248+ 9 208+ 4 187+ 10 188+ 9 150+ 1
JIM5 242+ 3 206+ 7 205+ 10 200+ 4 182+ 8
IM7 257+ 3 236 2 227+ 12 192+ 9 171+ 0
Marubakaido 286+ 18 191+ 6 172+ 2 184+ 8 152+ 2
Coloring rate of fruit (%)
8H-9-1 IM2 27+ 3 30+ 2 54+ 0 50+ 3 52+ 2
M5 46+ 0 65+ 2 77+ 2 82+ 2 85+ 1
IM7 32+ 2 46+ 1 70+ 1 74+ 3 76+ 3
Marubakaido 30+ 1 29+ 2 56+ 2 48+ 2 50+ 4
85-60-74  JM2 61+ 2 73+ 1 62+ 5 64+ 2 60+ 3
JM5 80+ 2 87+ 2 85+ 2 88+ 3 84+ 2
M7 70+ 2 83t 2 75t 2 78+ 3 80+ 1
Marubakaido 61+ 2 65+ 0 56+ 1 52+ 1 56+ 4
Wijcik M2 51+ 3 44+ 2 44+ 6 43+ 1 41+ 3
JIM5 68+ 3 68+ 1 70+ 4 73t 2 75+ 3
M7 57+ 3 54+ 3 55+ 2 53+ 2 56+ 2
Marubakaido 38+ 13 37t 6 39+ 4 40+ 1 38t 2
Brix %
8H-9-1 IM2 9.7+ 0.0 10.3£ 0.0 11.9+ 0.3 11.8+ 0.2 12.2+ 0.3
JM5 12.9+ 0.2 13.0+ 0.1 13.8+ 0.0 14.1+ 0.1 14.1+ 0.6
M7 10.8+ 0.0 11.6+ 0.0 12.9+ 0.1 12.9+ 0.3 12.7+ 0.1
Marubakaido 10.2+ 0.2 10.5+ 0.0 11.6+ 0.0 11.6+ 0.2 11.7+ 0.2
85-60-74 M2 9.5+ 0.1 9.6+ 0.1 10.4+ 0.1 12.1+ 0.1 10.9+ 0.0
JM5 13.9+ 0.2 12.6+ 0.5 13.6+ 0.2 14.4+ 0.4 12.2+ 0.0
IM7 11.5+ 0.1 11.9+ 0.2 12.6+ 0.0 13.4+ 0.3 11.9+ 0.1
Marubakaido 9.3+ 0.2 9.2+ 0.1 10.4+ 0.0 11.8+ 0.3 10.7+ 0.1
Wijcik JIM2 9.2+ 0.0 8.7+ 0.0 10.4+ 0.2 10.2+ 0.2 11.0+ 0.2
JIM5 13.1+ 0.2 11.8+ 0.2 13.0+ 0.3 13.3+ 0.2 13.8+ 0.1
M7 10.8+ 0.1 10.8+ 0.1 12.2+ 0.1 12.4+ 0.1 13.0+£ 0.1
Marubakaido 9.6+ 0.1 9.1+ 0.0 10.9+ 0.1 10.4+ 0.2 11.1+ 0.2
Acidity (g/100ml)
8H-9-1 JIM2 0.62+ 0.04 0.60+ 0.01 0.42+ 0.01 0.59+ 0.02 0.49+ 0.02
JM5 0.73+ 0.02 0.62+ 0.01 0.38+ 0.02 0.58+ 0.07 0.49+ 0.01
In7 0.67+ 0.00 0.68+ 0.01 0.39+ 0.01 0.64+ 0.00 0.48+ 0.01
Marubakaido 0.55+ 0.03 0.54+ 0.02 0.35+ 0.02 0.49+ 0.05 0.48+ 0.00
85-60-74 M2 0.56+ 0.03 0.53+ 0.01 0.55+ 0.01 0.51+ 0.02 0.60+ 0.02
JIM5 0.69+ 0.02 0.58+ 0.01 0.53+ 0.01 0.56+ 0.04 0.55+ 0.01
In7 0.64+ 0.02 0.54+ 0.04 0.54+ 0.01 0.54+ 0.01 0.60+ 0.07
Marubakaido 0.51+ 0.02 0.51+ 0.01 0.59+ 0.01 0.53+ 0.02 0.64+ 0.02
Wijcik M2 0.60+ 0.02 0.65+ 0.02 0.68+ 0.02 0.69+ 0.01 0.77+ 0.06
JIM5 0.76+ 0.01 0.80+ 0.01 0.70+ 0.01 0.73+ 0.01 0.77+ 0.01
Iu7 0.82+ 0.03 0.88+ 0.01 0.74+ 0.02 0.76+ 0.02 0.82+ 0.03
Marubakaido 0.65+ 0.01 0.72+ 0.00 0.64+ 0.04 0.69+ 0.02 0.71+ 0.02

Z Meanz SE (no2)

Data were the means of two replications (five trees per one replication) per treatment.

Ten fruits per one tree were investigated.
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High-Temperature and High-Concentration CO, Fumigation: Insecticidal
Effects and Influence on the Quality of Apple and Japanese Pear Fruits

Satoshi Toba, Yuri Nakamura, Hiroko Havama, Tamotsu Mural, Ken Nakapa and Masatoshi MocHizuki

Entomology Research Team, National Institute of Fruit Tree Science, National Agriculture and
Food Research Organization, Grape and Persimmon Research Station
Akitsu, Higashihiroshima, Hiroshima 739-2494, Japan

Summary

The insecticidal effects on three pest insects and the influence of high-concentration CO, fumigation
under high temperature conditions on the quality of apples and Japanese pears were investigated.

1. Larvae of the oriental fruit moth, Grapholita molesta, were completely killed by 60% CO; - 16
hours, and diapausing females of the two-spotted spider mite, Tetranychus urticae, were 100% eliminat-
ed by 40% CO; - 24 hours at 35 0 . However, larvae of the peach fruit moth, Carposina sasakii, were not
all killed by CO, fumigation.

2. Different apple varieties showed different degrees of carbon dioxide injury. None was seen in
‘Tsugaru’, ‘Jonagold’ or ‘Orin’, whereas ‘Fuji’ was clearly susceptible. In the Japanese pear varieties
‘Kosui’ and ‘Hosui,” CO, fumigation worsened water soaking injury resulting from fruit senescence,
and carbon dioxide injury also occurred with high frequency in both varieties.

3. In *Hosui,” 1-methylcyclopropene treatment tended to reduce carbon dioxide injury, but aggravat-
ed itin ‘Kosui’ and ‘Fuji’.

These results indicate that it is not feasible to apply high concentrations of CO, fumigation as a quar-
antine measure for Japanese pears under high temperature conditions; however, it may be applicable to
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certain varieties of apple and for certain pest species.

Key words: CO, fumigation, oriental fruit moth, peach fruit moth, two-spotted spider mite, Japanese

pear, apple, 1-MCP
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Table 1. Harvest data of each fruit used in the fruit quality experiments.

Fruit

Cultivar

Date harvested

Location

Japanese pear

Apple

Kosui’
Hosui’
Tsugaru’
Jonagold’
Orin’
Fuji’

August 22, 2006
September 5 2006
September 19, 2006
October 16, 2006
October 28, 2006
November 13, 2006
November 17, 2007

Tsukuba, Ibaraki
Tsukuba, Ibaraki
Takizawa, lwate
Shiwa, Iwate
Takizawa, lwate
lizaka, Fukushima
lizaka, Fukushima
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Table 2. Mortality of G. molesta in Japanese pear fruits fumigated with high concentrations of carbon dioxide.

Experiment 1

Experiment 2

Treatments No.tested No. Mortality ¥ No.tested No. Mortality ¥
fruits surviving (%) fruits surviving ? (%)
Untreated 10 20 0 12 66 0
40%C02-3500 -20h 12 16 75.8
40%C02-3501 -24h 16 4 80.0
60%C02-3500 -16h 26 0 100
60%C02-350 -20h 14 100 14 0 100
60%C02-3501 -24h 16 100

ZTotal number of larvae emerged from fruits.

Y Mortalities were calculated on the assumption that the number of larvae burrowed into the fruit was identical to the

number of surviving individuals in the control.
X Total number of 2 replications.
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Table 3. Mortality of C. sasakii in mature apple fruits
fumigated with high concentrations of carbon

dioxide.
No.tested No. Mortality ¥
Treatments . Ly
fruits surviving (%)
Untreated 30 157 0

40%C02-3501 -24h 30 90 427
50%C02-3500 -24h 30 9 94.3
60%C02-3500 -24h 30 2 98.7

ZTotal number of larvae emerging from fruits.

Y Mortalities were calculated on the assumption that the
number of larvae burrowed into the fruit was identical
to the number of surviving individuals in the control.
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Table 4. Mortality of diapausing female T. urticae on apple fruits fumigated with high concentrations of carbon dioxide.

No. mites 1 day after 3 days after Mortality
Treatments — —
tested Normal Writhing Dead  Normal Writhing Dead (%)
Untreated 210 198 12 0 198 0 12 5.7
40%CO02-3500 -24h 532 0 50 482 0 0 532 100
60%C02-3500 -24h 1210 0 25 1185 0 0 1210 100

ZNo. of mites which can't walk normally.
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Summary

To elucidate the relation between flowering related genes and floral development in kumquat (genus

Fortunella), morphological observation by microscope and transcription analysis were conducted.

Flower bud formation was observed under the microscope after 4 June and stamens were observed after

18 June. The gene expression of citrus Flowering Locus T (CiFT) was increased from May to July in the

leaves and from middle June to late July in the stem. The levels in the stems were lower than those in

the leaves. In citrus LEAFY homologue (CsLFY), the gene expression began to increase during middle

June in the stem and late July in the leaves, and peaked in late July or middle August, respectively. Our

results showed that the CiFT and CsLFY expression in leaves and stems increased during floral induc-

tion and flower bud development in kumquat. These results suggest that the CiFT and CSLFY may be

related with floral induction and/or flower bud development in kumquat.

Key words: floral induction, flowering, Fortunella, FT, LEAFY.

Introduction

Flowering is one of the most important events in plant
life cycle. During the last two decades, molecular informa-
tion of flowering was accumulated (Mouradov et al., 2002,
Kobayashi and Weigel 2007; Farrona et al., 2008). Recent
research reported that protein of the Flowering Locus T
(FT) gene, its rice homologue, Hd3a, and tomato homo-
logue, SFT, act as mobile flowering signals (Abe et al.
2005; Wigge et al. 2005; Lifschitz et al. 2006; Corbesier et

al., 2007; Jaeger and Wigge, 2007; Lin et al. 2007; Mathieu
et al., 2007; Tamaki et al., 2007; Notaguchi et al., 2008).
Another flowering-related genes such as APETALA (AP)
1 and LEAFY (LFY) has been reported as flower meristem
identity genes, which regulate flower organ identity genes
such as AP1, AP2, AP3, PISTILLATA, AGAMOUS,
SEPALLATA (SEP) 1, SEP2 and SEP3 (Jack 2004; Robles
and Pelaz., 2005). On the other hand, it has been suggested
that TERMINAL FLOWER 1 (TFL1) is an important
repressor of floral induction in Arabidopsis (Ohshima et al.,
1997).

Tl 0O0000000001591 (00220702900 000002301025000)
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In horticultural plants, the flowering connects with pro-
ductivity and it is important to understand the flowering
characteristics of the crops. Kumquat (genus Fortunella) is
one of the economical fruits in Rutaceae and close relative
to genus Citrus and Poncirus. Both Fortunella and Citrus
are evergreen but Poncirus shows deciduousness. In spite
of their relativeness, their seasonal flowering characteris-
tics are largely different (Fig. 1). In satsuma mandarin (C.
unshiu), floral induction occurred by low temperature dur-
ing fall and winter but flower organ is not observed until
January (Inoue, 1989, 1990; Ilwasaki, 1959; Krajewski and
Rabe, 1995). As the temperature rises in spring, flower
organ development proceeds and blooms in May. In trifoli-
ate orange (P. trifoliata L. Raf), floral induction occurs in
early summer and subsequently, flower organ develops
during summer (Spiegel-Roy and Goldschmidt, 1996). The
flower organ developments stop during fall and winter. It
starts again and blooms in spring. In kumquat, bud
sprouting begins during April and May, one or two month
later than those of satsuma mandarin and trifoliate orange.
The development of shoots ceases late May and the flower
organ development is observed in early summer.
Subsequently, it blooms during summer. The bloom of
kumquat usually occurs two or three times a season at
approximately ten day-intervals (Yoshida et al., 2003).
Previously, we reported that seasonal expression of flower-
ing genes in the stem of trifoliate orange and satsuma
mandarin (Nishikawa et al., 2007, 2009). Out of the flower-
ing genes, seasonal gene expression of citrus FT (CiFT)
and citrus LFY (CsLFY) was enhanced during floral
induction and/or flower organ development in both species
although their seasonal periodicity of flowering is differ-
ent. These results suggest that CiFT and CsLFY were pro-
foundly associated with floral induction and/or flower
organ development. In this study, seasonal gene expres-
sion patterns of flowering genes were characterized in
kumquat, in which flowering season was different with
other citrus relative species.

Materials and Methods
1. Plant materials
Adult kumquat ‘Puchimaru’ (Fortunella crassifolia
Swingle x F. margarita Swingle) trees was used for the
material. The trees were grown in the field at Okitsu and
Kuchinotsu citrus research stations of National Institute of

Fruit Tree Science (NIFTS). The axillary buds were collect-
ed from May to June for the morphological observation by
microscope. To investigate seasonal changes in mRNA lev-
els, stems without leaves, which included internodes and
nodes from the base to the apex, and leaves were collected
and immediately frozen in liquid nitrogen.

2. Tissue fixation, embedding and sectioning

The collected buds were immediately fixed in FAA
(1.8% formaldehyde, 5% acetic acid, 50% ethanol) or PFA
(5% paraformaldehyde, 1% grutalaldehyde, 10mM Na-
phosphate [0 H7.40 100mM NaCl) over night. Fixed sam-
ples were dehydrated using ethanol: xylene series, and
then embedded in Paraplast Plus (Sigma-Aldrich Co., St
Louis, MO, USA). The embedded samples were stored at
40 until use. The embedded buds were sliced into 8-um
sections, and the sections were mounted on coated micro-
scope slides (Matsunami Glass Ind., Kishiwada, Japan).
Paraffin was removed by washing twice with xylene and
mounted with Entellan new (Merk Chemical, Darmstadt,
Germany). The sections were viewed through a phase con-
trast microscopy.

3. Total RNA extraction and real-time PCR
Extraction of total RNA and cDNA synthesis was car-
ried out according to the methods of Nishikawa et al.
(2007). For SYBR Green real-time PCR, primers for CiFT,
CsLFY, CsAP1 and citrus TFL1 (CsTFL), were designed
with the Primer Express software (Applied Biosystems)
(Nishikawa et al., 2009). As an endogenous control, the
EF1-a primers were used (Nishikawa et al., 2009). SYBR
Green real-time PCR was performed with the Power SYBR
Green Universal PCR Master Mix (Applied Biosystems)
using an ABI PRISM 7000 Genetic Analyzer (Applied
Biosystems) according to the manufacturer’s instructions.
Each reaction contained 900 nM primers and 2.5 pl of tem-

spring summer fall winter spring

Satsuma mandarin Floralinduction ;O T8 L g0 ing
:development :

i Flower organ
idevelopment :

{ Floral Flower organ

Trifoliate orange induction development

Blooming

Floral : Flower organ EBloomin
Kumquat induction: development : .

Fig. 1. Schematic diagram of seasonal flowering in
Satsuma mandarin (C. unshiu), trifoliate orange (P.
trifoliata) and kumquat (Fortunella).
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plate cDNA. The thermal cycling conditions were 9501 for
10 min followed by 40 cycles of 950 for 15 s and 600 for
60 s. The levels of gene expression were analyzed with
ABI PRISM 7000 Sequence Detection System software
(Applied Biosystems). Real-time quantitative PCR was per-
formed in three replicates for each sample and data are
presented as means = SD (n = 3).

Results and Discussions

In kumquat, spring shoots were sprouted in the end of
April and development of shoot length was stopped by
June. In middle June, flower buds were observed with
naked eyes and they bloomed in middle July. To investi-
gate the beginning and progression of flower organ devel-
opment, axillary buds were collected and observed under
the microscopes from May to June. Microscopic examina-
tion showed that axillary buds had a narrow and smooth
dome on 7 May and 22 May and the dome was broadened
by 4 June (Fig. 2). At 11 June, the buds domed considerably
and primordia of pistils and stamens were observed at 18
June.

The seasonal expression pattern of flowering genes was
investigated to elucidate the association with the floral
induction and flower development in kumquat. In
kumquat leaves, the CiFT mRNA levels were increased
rapidly from 22 May to 2 July, during initiation period of
floral bud formation occurred (Fig. 3). The levels peaked in
early July and then rapidly decreased by August. In the

2 A

Fig. 2. Morphological changes of axillary buds of
‘Puchimaru’. Axillary buds from spring shoots were
fixed in FAA or PFA and embedded in Paraplast
plus. Longitudinal sections (8-y m thickness) of axil-
lary buds were prepared. Arrow heads show the sta-
men or pistil primordia.

stem, transcripts of CiFT showed a peak in late July but
the level at the peak was much lower than that in the
leaves. After August, the CiFT gene expression remained
at low levels in both tissues. In CsLFY, the gene expres-
sion increased after 11 June in the stems and after 23 July

7E-06
6E-06 1 0 CiFT
SE-06 A
4E-06 1
3E-06
2E-06 1
1E-06 -
0E+00

mRNA (arbitrary units)

51 6/1 7/1 81 9/1 10/1 11/1 12/1 1/1 2/1 3/1

CsLFY

(95

[

(=]
1

—_
W
| (’
el
=
(5%
(=]
R
- —_
~“~/ L ]
-~ -
-

mRNA (arbitrary units)
|

51 6/1 7/1 81 9/1 10/1 11/1 12/1 1/1 2/1 3/1

3.0E-05

2.5E-05 CsAP1

2.0E-05 A

1.5E-05 -
5/22

1.0E-05

mRNA (arbitrary units)

5.0E06 1 oR

0.0E+00 T T T T T T 1 T T
51 6/1 71 8/1 91 10/1 11/1 12/1 1/1 2/1 3/

5E-07

CsTFL

4E-07 -

3E-07

5/2
/1

2E-07

1E-07 2

0E+00

mRNA (arbitrary units)

-1E-07
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Fig. 3. Gene expression of CiFT, CsLFY, CsAP1 and
CsTFL of kumquat in stems (closed circle) and
leaves (open circle) collected through the year.
SYBR Green real-time PCR was performed with
gene specific primers. Data are mean + SD (n=3).

Gray zone shows the blooming period.
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in the leaves, and peaked at 23 July or 20 August, respec-
tively. After the peak, the gene expression decreased and
remained at low levels until January in both tissues. In the
leaves, a considerable increase was observed in the CsSLFY
MRNA levels in February. The transcript amounts of
CsAP1 showed relatively high from May to August in
kumquat stems. In the leaves, CSAP1 mRNAs were detect-
ed at low levels through the experimental period. The
MRNA abundance for CsTFL was detected during early
summer but undetected after September in the stem of
kumquat. In the leaves, CsTFL mRNA was rarely detected
through the experimental period.

In our data, initiation of floral formation and increase in
CiFT expression in the leaves were observed simultane-
ously during early June in kumquat. These results suggest
that the CiFT expressed in the leaves may influence the
seasonal floral induction in kumquat. In Arabidopsis and
rice, a photoperiod signal is received in their leaves, in
which FT and Hd3a mRNA are expressed, respectively. In
perennial woody species, poplar, it has been reported that
photoperiod effects poplar FT gene expression in the
leaves and that transcript amounts of poplar FT in the
leaves peaked in July during the floral initiation period
(Bohlenius et al., 2006; Hsu et al., 2006). Our results in
kumquat seem to agree with those of Arabidopsis, rice and
poplar. In the stem, the mRNA levels of CiFT also
increased during summer although the initiation of the
increase and the time at the peak were later than those in
the leaves. In the previous paper, we reported that initia-
tion of floral formation occurred along with the CiFT
expression in the stem of trifoliate orange (Nishikawa et
al.,, 2009). These results suggest that CiFT expression both
in the stem and leaves might correlate with floral induc-
tion in kumquat. In Satsuma mandarin, CiFT expression is
induced by low temperature during fall and winter. Both
the time of floral induction and of increase in the CiFT
expression is largely different between Satsuma mandarin
and kumquat. In kumquat, the CiFT expression seems to
be regulated by factors other than low temperature since
the expression increased under high temperature during
summer. Therefore, these results suggest that floral induc-
tion and CiFT expression in kumquat may be regulated by
the different factor from Satsuma mandarin.

In addition to CiFT, the CsLFY mRNA level increased
during summer in the stem of kumquat. However, the tim-

ing of increase was later than that of the initiation of mor-
phological changes in the axillary buds. In the microscopic
observation, the first changes to flower organ development
were observed at 4 June, during which the CsLFY expres-
sion in the stem remained at low level. The CsLFY expres-
sion in the stem was increased after 11 June, during which
the stamen and pistil primordia was formed rapidly. In our
previous paper, it has been suggested that CsLFY plays a
role in flower bud development morphologically
(Nishikawa et al., 2009). These results suggest that the
CsLFY may correlate with morphological development of
flower bud and less with the floral initiation in kumquat as
those in other relative species.

The CsAP1 mRNA level was high during spring and
summer but low during fall and winter in the stem of
kumquat. The pattern is similar to those in the stem of tri-
foliate orange, which was reported previously (Nishikawa
et al., 2009). This result suggests that CsSAP1 may correlate
with flower bud development both in kumquat and trifoli-
ate orange during summer. Previously, we suggested the
correspondence between the CsAP1 expression and sea-
sonal flowering differed between Satsuma mandarin and
trifoliate orange. In Satsuma mandarin, the CsAP1 expres-
sion was low during floral induction and flower bud devel-
opment. These results suggest that the relation between
CsAP1 and seasonal flowering in kumquat is also different
from that in Satsuma mandarin.

Changes in the CsTFL mRNA in the stem of kumquat
showed a similar pattern with those of trifoliate orange
and Satsuma mandarin (Figs.3; Nishikawa et al., 2009).
The expression of CSTFL may be regulated by a same fac-
tor in those species. Low levels of CSTFL transcription is
in good agreement with the role of CSTFL as a flowering
repressor (Pillitteri et al., 2004).

In conclusion, our data showed that the CiFT mRNA
levels in the leaves of kumquat increased from May to July
and that morphological development of flower buds began
to be observed in early June. The expression of CsLFY in
the stems also increased from middle June to July, during
which the pistil and stamen developed rapidly. These
results suggest that CiFT and CsLFY may correlate with
floral induction and/or flower bud development during
early summer in kumquat. The flower blooming in
kumquat occurs several times in a season. The molecular
mechanism of this characteristic is still unclear from our
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results. Further studies are required to understand flower-
ing behaviors fully in kumquat.
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Flesh Disorder Investigation Report in Japanese Pear Fruit,
‘Akizuki’ and *Oushuu’

Yuri NAKAMURA

National Institute of Fruit Tree Science, NARO, 2-1 Fujimoto, Tsukuba, Ibaraki 305-8605

Summary

‘Akizuki’ and ‘Oushuu’ are cultivars of Japanese pear (Pyrus pyrifolia Nakai), released by National
Institute of Fruit Tree Science, in 1998 and 2000, respectively. Their fruit quality is excellent, and those
cultivation areas have been increased rapidly in the last few years. Recently, several symptoms of phys-
iological flesh disorders have been reported in several areas in Japan. Therefore, a nationwide survey on
the flesh disorders of those cultivars was executed. The investigation was conducted by a questionnaire
method to the agricultural research organizations in administrative divisions. As a result, mainly two
types of flesh disorder were seen in the past, in ‘Akizuki’ fruit. One is ‘water-soaked disorder’, charac-
terized by a very small browning spot on the vascular bundle surrounded by water-soaked tissue. The
other is ‘cork spot like disorder’, characterized by a dried cork spot on the vascular bundle and the fruit
surface sinks like the dimple when the symptom occurs just below the pericarp. In ‘Oushuu’ fruit, the
‘cork spot like disorder’ was main symptom. The causes of these flesh disorders and their prevention
methods were discussed.

Key words: flesh disorder, water-soaked disorder, cork spot like disorder, prevention methods
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Report of questionnaire survey on fertilizer application improvement
in Japanese orchard

Shinnosuke Kusasa and Hiromichi INnoue

National Institute of Fruit Tree Science, Research Team for High Quality Fruit Production
National Agriculture and Food Research Organization
Tsukuba, Ibaraki 305-8605, Japan

Summary

In 2009, the questionnaire survey on fertilizer application improvement in Japanese orchard was exe-
cuted to persons in charge of soil management of orchard in 47 prefectures. The frequency of soil diag-
nosis was not enough except for some prefectures, or some tree species. The formulation of the reduc-
tion standard for fertilizer application has not progressed in many prefectures, so joint studies or test
data sharing thought to be important to accelerate the formulation of the reduction standard. Compost
utilization was well done in gently sloping orchard, but fertilizer application taking into account the
amount of nutrient in the compost were not practical enough. The controlled release fertilizers, drip irri-
gation and liquid fertilization were expected to reduce the amount of fertilizer, and these extension is
underway. Using of fertilizers containing low amount of phosphorus and potassium, and Bulk-Blending
fertilizer were also progressing. Using of less frequently used low-cost materials, such as potassium
chloride or chicken manure, were also promoted partly now. In the future, these fertilizer application
improvement in Japanese orchard could be enhanced by sharing more test data and information in par-
ticipants.

Key words: fertilizer application improvement, questionnaire survey, orchard, soil diagnosis
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