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Examination of Self- and Cross-incompatibility in Citrus

Masashi Yamamoto'”, Shoji Kawaguchi’, Hiroyasu Fukudome?, Shota Kanmera?,

Tatsuya Kubo® and Shigeto Tominaga*

*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

Summary

Self and cross-incompatibility/compatibility of citrus were determined by pollen tube growth in the
style. Ichang papeda and pummelo ‘Matou anyu’ were self-incompatible, whereas two papeda accessions,
five accessions classified as citron and its relatives, and two hybrids, ‘Hayaka’ and ‘Haruka’, were
self-compatible. Of the 396 cross combinations among 26 self-incompatible accessions including 111
reciprocal crosses, ‘Ariake’ and Clementine, Kunenbo and Yamabuki, and Keraji and Kikai-mikan were
cross-incompatible. Remaining 390 cross combinations were cross-compatible.

Key Words: compatibility, pollen fertility, pollen tube
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Table 1 Pollen fertility and self-incompatibility/compatibility of citrus accessions used in this study.

Self-incompatibility/compatibility

Accession Latin name Pollen No.of No.of  No. of pollen tubes’ Sl or
Cross combination fertility” days flowers Top Middle Base sC*
(%) after observed ofthe ofthe ofthe
polli- style  style  style
nation

Papeda

Ichang papeda C. ichangensis Swing. 92.8 7 4 62.1 4.5 0.3 SI

Macroptera C. macroptera Montr. 86.8 7 4 100<  100< 100< SC

Purutto C. hystrix DC. 93.3 7 4 100< 91.0< 55.8< SC
Citon and its relatives

Marubusshukan C. medica L. 90.4 7 3 81.7< 80.7< 70.0 SC

Mexican lime C. aurantifolia (Cristm.) Swing. 30.3 7 7 58.4< 46.1 213 SC

Bergamot C. bergamia Risso et Poit. 40.0 7 3 100<  63.7< 24.0 SC

Balotin bergamot C. balotina Poit. Et Turp. 84.5 6 3 100<  100< 84.3 SC

Lemonreal C. excelsa Wester 53.3 7 4 100<  100< 79.5< SC
Pummelo

Matou anyu C. maxima (Burm.) Merr. 98.3 6 4 30.8 1.8 0.0 SI
Hybrid

Hayaka C. unshiu x C. reticulata 90.1 6 4 100<  92.5< 69.0< SC

Haruka C. tamurana hybrid 88.7 7 4 100< 84.8< 37.0 SC

“ Pollen fertility was determined by acetocarmin method according to Ueno (1986).
¥ When numbers of observed pollen tubes were more than 100, we counted them as *100<’. In this case, we could not caluculate exact
mean number. We caluculated mean number by regarding “100<’ as 100, and add ‘<.

* SI: self-incompatibility, SC: self-compatibility.
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Table 2 Cross-imcompatible/compatible of citrus analyzed in this study.

No. Accession Latin name (Cross combination)

Pollen parent

Cross- Cross-
incompatible compatible
1 Anseikan C. maxima (Burm.) Merr. 2345678910111213141619202122232425
2 Banokan C. maxima (Burm.) Merr. 13457891011 1416172425
3 Hayasaki C. maxima (Burm.) Merr. 461416
4 Benimadoka C. maxima (Burm.) Merr. 714
5 Suisho buntan . maxima (Burm.) Merr. 134891315162021222425
6 Chandler C. maxima (Burm.) Merr. 2457891113161722
7 Mato anyu C. maxima (Burm.) Merr. 23
8 Hassaku C. hassaku hort. ex Tanaka 134567911121314161719202122232425
9 Otachibana C. ootachibana hort. ex Y. Tanaka 13456781315161719202122232425
10 Hyokan C. ampullacea hort. ex Tanaka 34678911121516172425
11 Kawachi bankan C. kawachiensis hort. ex Y. Tanaka 134567891213 1416192022232425
12 Fusuu C. rokugatsu hort. ex Y. Tanaka 123456791013 1417 18 192024 25
13 Kikudaidai C. canaliculata hort. ex Y. Tanaka 123456781012141617 192021222425
14 Clementine C. clementina hort. ex Tanaka 15 24678171820222425
15 Ariake C. sinensis » C. clementina 14 13568910111213162021222325
16 Hyuganatsu C. tamurana hort. ex Tanaka 1456789111213 1417 19202122232425
17 Kunenbo C. nobilis Lour. 26 1345678910111213 1416 1920212223 2425
18 Keraji C. keraji hort. ex Tanaka 19 12345678910111213 141617202125
19 Kikai-mikan C. keraji hort. ex Tanaka 18 1622 23 24
20 Shiikuwasha C. depressa Hayata 2345678910111213 141617 18 192122232425
(Okitsu)
21 Kojt C. leiocarpa hort. ex Tanaka 123456789111213 141617192023 2425
22 Kimikan C. flaviculpus hort. ex Tanaka 12345678910111213 14151617 182021 23 2425
23 Fortune C. clementina < C. tangerina 12345678910111213 141617 182021 222425
24 Nova C. clementina 12345678910111213 141617 182021 22 23 25
x (C. paradisi x C. tangerina)
25 Minneola C. paradisi * C. tangerina 13456789111213 141617 1821222324
26 Yamabuki C. yamabuki hort. ex Y. Tanaka 17

Table 3 Number of pollen tubes observed in the style of cross-incompatible combination in this study.

No. of No. of No. of pollen tubes

Cross combination days flowers Top Middle Base

after observed of the of the of the

pollination style style style
Ariake x Clementine” 6 4 33.8 15.8 0.3
Clementine x Ariake” 8 8 24.7 2.7 0.0
Kunenbo x Yamabuki 8 3 11.7 33 1.7
Yamabuki x Kunenbo 6 5 19.0 1.8 0.0
Keraji x Kikai-mikan” 7 4 19.5 2.8 0.8
Kikai-mikan x Keraji ” 7 5 7.8 1.6 0.4

“ These results were reported in Yamamoto et al. (2006, 2010).
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The Effects of Feeding Paddy Rice as Feed to Aigamo Ducks
on Their Meat and Egg Production

Koji Takayama'", Daisuke Uchitomi®, Yuko Mizoguchi*, Mari Kido?, Akira Tominaga’,
Issei Taura®, Tetsuya Nomura® Ichiro Oshima® and Yoshitaka Nakanishi*

! Laboratory of Animal Behaviour and Management, Faculty of Agriculture, Kagoshima University,
Korimoto, Kagoshima 890-0065
? Experimental Farm, Faculty of Agriculture, Kagoshima University, Korimoto, Kagoshima 890-0065

Summary

This study was conducted to compare the meat and egg production of Aigamo ducks between formula
feed (control) (ME: 2,850 kcal/kg, CP: 18.0%) and experimental feed replaced 60% of formula feed with
paddy rice as feed (PRF) on a dry matter basis (ME: 2,877 kcal/kg, CP: 17.4%).

The average body weight (BW) of the ducks fed a PRF diet was 1,673 g at 12 weeks of age, being
significantly lower than that of control (2,003 g, P<0.05). As for the carcass characteristics, no significant
difference was observed in the dressing percentage between the treatments, though the dressed carcass
weight of the PRF group was significantly lower than that of control (P<0.05). The sensory test for breast
meats was not significantly different between treatments.

The egg production rate (hen day’s average) of the PRF group was 27.0%, being significantly lower than
that of control (53.4%, P<0.05). The average egg weight of the PRF group was also significantly smaller
(P<0.05). As for egg quality, percentages of the yolk, albumen and shell weight to total egg weight, and
shell thickness were not significantly different between treatments. The color fan scores of egg yolks were
10.8 and 5.0 for control and the PRF, respectively, showing that the latter was significantly lower
(P<0.05).

The results indicated that paddy rice as feed could be one of the most promising self sufficient feed for
Aigamo ducks, though the diet replaced 60% of formula feed with paddy rice as feed (DM basis) caused
a lower meat and egg productivity than the formula feed only.

Key Words: Aigamo ducks, egg productivity, meat productivity, paddy rice as feed, rice-duck farming
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Summary

The objective of this study was to obtain fundamental information on use of geese for sustainable
vegetation management, especially weeding of agricultural land. An experiment was conducted to prove
the influence of free-ranging 8 geese (Anser anser domesticus) (6 months of age, average body weight: 2.8
kg) on weeding in the camellia garden (Camellia japonica L., 1.3 a in area, planting density: 178 plants/a),
consisting of control plot (a closed area: 0.4 a) and the free-ranging plot (0.9 a) from November to
December in 2010 (16 days).

Equisetum arvense L., Setaria glauca (L.) Beauv. and Commelina benghalensis L. were frequently
observed in the camellia garden. Herbage mass of the free-ranging plot significantly decreased with
advancing geese free-ranging (P<0.05), which was significantly smaller than that of the control plot at the
end of free-ranging period (P<0.05). Free-ranging geese grazed Amphicarpaea edgeworthii Benth. var.
Jjaponica Oliver and Cayratia japonica (Thunb.) Gagp. wound around the camellia as well as Equisetum
arvense L. and Commelina benghalensis L.. At the end of free-ranging period, the geese exhibited grazing
behaviour against leaves of camellia only twice, so that the percentage of injured camellia to total trees was
0.6%.

These results indicated that the free-ranging geese suppressed the weeds effectively in a camellia garden
and they were helpful for weeding.

Key Words: Camellia japonica L., free-ranging geese, the damage ratio, vegetation management
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Summary

The objective of this study was to obtain fundamental information on the effective use of goats for
management vegetation in camellia garden. An experiment was conducted to determine the influence of
grazing 2 goats (average body weight: 41.5 kg) on weeding in camellia garden (Camellia japonica L.,
planting density: 35 plants / a) consisting of grazing plot (2.0 a) and control plot (1.0 a) from November
17 to 30 (14 days) in 2010 and from May 21 to June 9 (20 days) in 2011, respectively. Sward height and
coverage of each plot were measured, thereby the relative summed dominance ratio (SDR.’) was
determined. Behaviour of goats was observed and grazing frequency, i.e. the percentage of the number of
each plant species to total number of plant species grazed (GF) was calculated for plants with more than
10% SDR.’. A selectivity index based on Ivlev’s electively index (SI) was calculated for each plant species
from GF and SDR;’. The SI can range from [ 1 to [ 1, with O indicating no selection. In addition, the
percentage of injured camellia to total trees was estimated.

Solidago altissima L. and Thelypteris acuminata (Houtt.) were dominant in control and grazing plots,
respectively in 2010. Solidago altissima L. and Artemisia princeps Pampman. were dominant in control
and grazing plots, respectively in 2011. At the end of grazing in each year, the percentage of bare ground
was significantly higher in the grazing plot than control (PO 0.01), whereas herbage mass was significantly
smaller in the former than the latter (P0J 0.01). On the 2nd day after grazing in 2010, the GF of Thelypteris
acuminata (Houtt.) Morton., Microstegium vimineum (Trin.) A. Camus f. vimineum and Miscanthus
sinensis Anderss. was more than 10%, however the SI for each plant species was approximately O,
indicating no selection. At the end of the grazing period, the SI for Microstegium vimineum (Trin.) A.
Camus f. vimineum was 1.00, suggesting most selective. On the 2nd day after grazing in 2011, the GF of
Artemisia princeps Pampman. and Equisetum arvense L. was over 15% , however each SI approximated
0, indicating non-selective grazing. At the end of the grazing period, the SI for the plant was not so high
(0.31), indicating less selective, though the GF of Thelypteris acuminata (Houtt.) Morton. was 22.4%.
Moreover, it was found that the goats grazed vines. On the other hand, the goats browsed leaves and twigs
of some camellias and stripped the bark from the trees by rubbing their horn or head against the trunk. As
a result, the percentage of injured camellia to total trees was 4.3% in two years.

It was concluded that an injury to some camellias was caused by grazing goats, though weeding by the
goats was effective in vegetation management. Therefore, the development of measures to prevent the
goats from browsing and stripping the camellia is needed.

Key Words: Camellia japonica L., grazing frequency, grazing goats, selectivity index, vegetation
management
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