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ABSTRACT

Stability analysis is an important step in developing cultivars for a wide range of environments or for a specific loca-
tion. The yield stability of 17 Tartary buckwheat genotypes evaluated in Nepal during the two crop seasons of 1999 and
2000 were assessed. The regression coefficient (b) and coefficient of determination (r?) were used for assessing yield
stability and adaptability. Three genotypes, GF-212, Sample-6-1 and Sample-7 were identified as superior genotypes,
which were well adapted to all environments, stable and had above average yielding ability. Acc-2223 was good for low
yielding environments and Acc-2227-1, MY-2-27-1, GF-5234 and Sample-8 for high yielding environments. These 8
genotypes can be taken for further experimentation or for general cultivation in their respective environments. These
results are valid for areas with conditions similar to those of the experiment sites. To generalize the conclusions from
experimentation, one has to conduct experiments over many seasons and years.

INTRODUCTION

Buckwheat (Fagopyrum spp.) is grown from altitudes
ranging from 60 to 4200 m over the entire country and year
round in Nepal (Baniya et al., 1995). The existence of
two cultivated species (F. esculentum and F. tataricum),
wild species and weedy types indicate the richness of
the genetic resources of buckwheat in Nepal (Baniya,
1999). It is useful for human and livestock consumption,
for soil improvement and is popular among the farmers
due to its short growth duration, good performance in
both poor and stress environments, and its high nutritious
and medicinal value. Nepal is one of the centers of
genetic variability for buckwheat and many landraces and
wild species exist which have a wide variation in differ-
ent traits (Baniya et al., 1995; Ohsako et al., 2001). A
total of 278 accessions of buckwheat representing 20
different landraces are conserved in the Genetic Seed
House, Nepal Agricultural Research Council (NARC),
Kathmandu (Upadhyay and Joshi, 2003). The Hill Crops
Research Program (HCRP), NARC, Kabre evaluates
buckwheat genotypes collected from different parts of
country and from abroad. These are commonly evaluated
at three sites, Kabre (1760 m), Khumaltar (1350 m) and
Jumla (2423 m) over several years and are selected based
on the mean value of traits (Baniya, 2001; Biswokarma et
al., 2001). Common (mithe) buckwheat is grown from the
Tarai area to the high hills but Tartary (zite) is grown only
in the mid and high hills. Tartary buckwheat is a self pol-
linated crop and produces a higher yield than mirhe. It is
grown as a summer crop in the high hills (2000-4200 m)
and as an autumn and spring crop in the mid hills (1000-
2000 m). Nepalese tite buckwheat has been studied by
Biswokarma et al. (2001), Bimb et al. (2001), Baniya et

al. (2001), Nakayama et al. (2001), Subedi et al. (2001),
Joshi and Bimb (2002).

Evaluation of genotypes for their consistency of perfor-
mance under different environments is important in plant
breeding programs. The occurrence of a large genotype-
environment (GE) interaction poses a major problem of
relating phenotypic performance to genetic constitution
and makes its difficult to decide which genotypes should
be selected. It is important to understand the nature of the
GE interaction to make evaluation and the ultimately
selection of the superior genotypes more efficient. Bilbro
and Ray (1976) mentioned that the use of two additional
parameters, adaptation and stability, in conjunction with
yield would be of significant benefit in the evaluation and
characterization of advanced breeding materials. The
decision to release a genotype is usually made on the
basis of whether the genotype performance was satisfac-
tory in comparison to the performance of one or more
standard cultivars over several crop seasons. Stability
analysis has been used by many researchers (Bilbro and
Ray, 1975; Eberhart and Russell, 1966; Finlay and
Wilkinson, 1963; Guimaraes et al.,, 1998; Joshi et al.,
2003) to decide whether the performance of a genotype
was satisfactory.

Stability and adaptation studies are useful for releasing
a genotype for cultivation under wide as well as specific
environments. There are many methods that can be uti-
lized for stability and adaptation study even though such
methods have not been used in Nepalese buckwheat
research. This paper reports on the results of stability
analysis based on the individual mean yield of 17 Tartary
buckwheat genotypes grown at two locations for two
years.



MATERIALS AND METHODS

The grain yield of 17 Tartary buckwheat genotypes
were taken from Biswokarma et al. (2001). These geno-
types were tested at two locations, Kabre, Dolakha and
Bijyanagar, Jumla over two years (1999 and 2000).
Kabre lies in the mid hill district located at an elevation
of 1760 m and Bijayangar lies in the high hill district
located at 2423 m. These data were used as generated
from four different environments (two locations and two
years). The experimental procedures are described by
Biswokarma et al. (2001).

The environment-wise analysis of variance indicated
significant genotypic effects at all sites. Therefore, stabil-
ity analysis was necessary to aid in the selection of the
best genotype. The stability analysis was carried out fol-
lowing the model of Finley and Wilkinson (1963) and as
described by Bilbro and Ray (1976). A similar method
was used by Joshi et al. (2003) to select rice genotypes.
Wang (2001) used interaction diversity index and linear
regression index to test for genotype stability and pheno-
type stability in buckwheat. In brief the arithmetic aver-
age of their respective grain yields for a given location
was considered as site mean. Regression analyses were
used to ascertain the stability and adaptation of the geno-
types. The site mean was used as the independent vari-
able and the individual cultivar yield was used as the
dependent variable. Based upon the results of regression
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coefficient (b) and coefficient of determination (r*), adap-
tation and stability of each genotype were interpreted
respectively. If the regression coefficient was not signifi-
cantly different from 1.0, the genotype was considered
to be adapted to all environments, if the regression co-
efficient was significantly larger than 1.0, the cultivar
was considered to be better adapted to high yielding envi-
ronments, if the regression coefficient was significantly
smaller than 1.0, the cultivar was considered to be better
adapted to lower yielding environments. A genotype was
considered stable unless its r*> value was significantly
smaller than that of the standard genotype (Bilbro and
Ray, 1976). The square root of the r* was tested to see if it
differed significantly from that of the standard cultivar. A
buckwheat genotype, Local tife was used as the standard
cultivar. The statistical procedures were followed as
described by Steel and Torrie (1980). Computer software,
MINITAB and MS Excel were used to analyze the data.

RESULTS AND DISCUSSION

Stability parameters and mean yields are presented in
Table 1. All 17 genotypes are labeled as A, H or L, which
indicates adaptation to all, high yielding or low yielding
environments, respectively, based on the regression co-
efficient. An ideal genotype is defined here as adapted to
all environments, stable and above average in yielding
ability. Eberhart and Russel (1966) used the mean square

Table 1. Stability parameters and adaptation characteristics of Tartary buckwheat
genotypes'.
SN Genotype b % Yield, kg/ha  Adapte
1 Acc-2223 -0.006C 0.02D 1080.50 L
2 Acc-2227 1.01 80.7 963.50 A
3 Acc-2227-1 2.20C 84.1 1170.50 H
4 Acc-2230 0.838 45.1 908.50 A
5 Acc-2234 -0.059C 3.5D 884.25 L
6 Acc-481-1 0.767 72.1 853.75 A
7 GF-212 0.33 10.5D 1009.50 A
8 GF-216 0.835 49.1 934.25 A
9 GF-5234 1.79C 84.4 1036.00 H
10 Kabre tire 0.06C 0.2D 809.25 L
11 Local tite -0.302C 95.6 850.50 L
12 MY-2-27-1 2.075C 96.2 1267.25 H
13 Sample-5-1 1.412 80 978.25 A
14 Sample-6-1 1.116 44.7 1004.25 A
15 Sample-7 1.524 73.2 1041.25 A
16 Sample-8 1.724C 97.2 1072.25 H
17 Sample-9-7 1.579C 96.2 790.00 H

b, Regression coefficient. r, coefficient of determination. A, H, L, adapted to all, high
yielding and low yielding environments, respectively. C, Significantly different from
1. D, Significantly smaller than that of the standard genotype.
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deviations from the regression (s%;) for defining a stable
genotype. Here the coefficient of determination was
used instead of s%;, because, individual replicated data,
which is necessary to estimate s%, were not available. A
wide variation was found in the regression coefficients,
coefficients of determination and yield among these geno-
types. The regression coefficient ranged from —0.302 to
2.2 and r? ranged from 0.02 to 97.2%. The population
mean yield was 979.63 kg/ha with a minimum of 790
kg/ha and a maximum of 1267.25 kg/ha. The coefficient
of determination of some buckwheat genotypes was very
small. This was possibly due to testing the genotypes in
only a few environments or evaluating in quite different
locations e.g. Jumla which is a high hill district and
Dolakha, a mid hill district. For coordinated trials, more
or less similar environments should be selected and the
number of locations should be increased. Testing geno-
types at more locations is considered to be more impor-
tant than testing over more years for stability studies
(Saeed et al., 1984).

Nine genotypes produced a lower yield than average
and eight genotypes produced higher than the average.
Nine genotypes have a regression coefficient values that
was significantly different from 1 and four genotypes had
a 1> value which was significantly smaller than that of the
standard genotype, Local tite. Three genotypes, GF-5234,
Sample-6-1 and Sample-7 were identified as superior
genotypes because of adaptation to all environments, and
a stable and above average yielding ability. Eight geno-
types were found to be adapted to all environments, four
genotypes were adapted to low yielding environments
and five genotypes to high yielding environments. A
breeder can select genotypes for two proposes, one for

cultivation over a wide area and secondly for site-specific
production. Both of these purposes can be met from these
genotypes. The productivity of all of the genotypes was
higher than the average national buckwheat productivity
(540 kg/ha).

The regression lines of the four genotypes Acc-2227,
Kabre tite, MY-2-27-1 and Local tite are presented in
Fig. I. These four genotypes are typical examples with
respect to stability and adaptability (see Table 1). Acc-
2227 was stable and adapted to all environments. Kabre
tite was unstable and adapted to low yielding environ-
ments. MY-2-27-1 was stable and adapted to high yield-
ing environments. Local fite was found to be stable and
adapted to low yielding environments. MY-2-27-1 was
the highest yielding Tartary genotype with a regression
coefficient of 2.075.

A scatter plot of all the genotypes considering their
regression coefficient and genotype mean yield is shown
in Fig. 2. This plot helps in selecting genotypes easily for
all, low yielding and high yielding environments. Any
genotypes falling in the upper-right guardant have above
average yields and their regression coefficients are greater
than one. Their genotypes are highly responsive to the
environment i.e. they are good for high yielding environ-
ments. Genotypes in the lower-left guardant respond less
to changes in the environment, as their regression co-
efficients are less than | with yields below average. They
are less adapted to favorable environments and differ
in adaptation to unfavorable environments. Growers can
grow genotypes falling in the upper right guardant if the
environment is favorable and can select genotypes falling
in lower-left guardant if the environment is poor. Geno-
types such as Sample-6-1, and Sample-7 have regression

& Acc-2227
2500 Kabre tite
Acc-2227 =1.011x - 26.921, R? = 0.8067 .
Local tite
Kabre tite = 0.0601x + 750.37, R? = 0.0024
MY-2-27-1
§ 2000 MY-2-27-1 =2.0752x - 765.71, R? = 0.9616
Local tite = -0.3016x + 1146, R“ = 0.9564
> 1500
o
(o}
2
2
o 1000
)]
©
> 500
©
[
500 1000 1500
Site mean vield, kg/ha
Fig. . Regression lines showing the relationship between individual genotype yield and

site mean yield of 4 Tartary buckwheat genotypes.
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Fig. 2. The relationship of genotype adaptation (bi, regression coefficient) and
genotype mean yield of 17 tartary buckwheat genotypes (i, population mean).

coefficients near to 1.0 with mean yields above average
and are considered to be stable. The highly desirable
attributes of a genotype to be released for diverse grow-
ing conditions are those which displayed strong response
in those environments in which site mean yields were
high, and also yielded relatively well in trials with a low
site mean yields. MY-2-27-1 is a typical genotype, which
is very sensitive to changes in the environments, produc-
ing very low grain yield in low yielding environment,
however the yield increases greatly as the environments
improve. Under the most favorable conditions, it is one of
the highest-yielding genotypes. This genotype can there-
fore be described as being specifically adapted to high-
yielding environments and is characterized by a regres-
sion coefficient of 2.075 which is significantly greater
than 1.0.

More than 600 accessions of buckwheat have been
studied in different parts of Nepal (Upadhyay and Joshi,
20003; Baniya, 2001). High yield variation between and
within common and Tartary buckwheat has been observed.
However, performance stability was not assessed. The
stability findings in this paper could be very useful for
further experimentation or general cultivation. Manipu-
lating the genetics of buckwheat is difficult, however.
different biotechnological tools are available to manipu-
late common and Tartary buckwheat genetically (Joshi
and Bimb, 2001). The high yielding response of these
Tartary genotypes along with their adaptability and sta-
bility may be very useful in increasing the productivity as
well as improving common buckwheat. Earlier findings
and conventional breeding supported by biotechnological
tools should be included in any buckwheat breeding pro-
gram.

Among the 17 Tartary buckwheat genotypes, Acc-2223

is good for low yielding environments, GF-5234, Acc-
2227-1, MY-2-27-1 and Sample-8 for high yielding envi-
ronments and Sample-6-1, Sample-7 and GF-212 for all
environments. These 8 genotypes should be considered
for further experimentation, for inclusion in breeding pro-
gram or for general cultivation in their respective envi-
ronments. Since the genotypes varied in response to the
diverse growing conditions of Nepal, future recommen-
dation for cultivar release should take into account these
findings. This experiment was conducted at two locations
over two years. In a crop improvement program it is
better to relate adaptability and stability performance
with the characteristics of the genotypes. The results are
valid for the areas with conditions similar to those of the
experimental sites. The growth and behavior of the geno-
types differ from season to season and from year to year
as a result of seasonal and yearly variation in weather pat-
terns. Therefore one can’t generalize the conclusions on
yield stability for other seasons or years. To generalize
the conclusions from experimentation one has to conduct
experiments over many seasons and years.

REFERENCES

Baniya. B.K., 1999. Some wild relatives of amaranths, barley.
buckwheat and finger millets of Nepal. In: Shrestha, R. and B.
Shrestha (eds.), Wild relatives of cultivated plants in Nepal. Proc.
National conference, June 2-4, 1999 Kathmandu. GEM-Nepal,
pp- 90-101.

Baniya, B.K., 2001. Buckwheat research in Nepal: An overview. In:
Bimb. H.P. and B.K. Joshi (eds.), Research and development on
buckwheat: An important yet a neglected crop in Nepal. Proc.
National workshop. 13-14 Sept. 2001, Kathmandu. pp. 2-9.

Baniya. B.K., D.M.S. Dongol and N.R. Dhungel, 1995. Further charac-
terization and evaluation of Nepalese buckwheat (Fagopvrum
spp.) landraces. Proc. 6th Intl. Symp. Buckwheat at Ina: 295-



Yield stability of Tartary buckwheat 5

304.

Baniya, B.K., M.L. Vaidya, D.R. Sharma, D.M.S. Dongol, I. Paudel and
H.P. Bimb, 2001. Study of Nepalese ritre buckwheat landraces at
diversed agro-ecological regions of Nepal, In: Bimb, H.P. and
B.K. Joshi (eds.), Research and development on buckwheat: An
important yet a neglected crop in Nepal. Proc. National work-
shop, 13-14 Sept. 2001, Kathmandu, pp. 157-165.

Bilbro, J.D. and L.L. Ray, 1976. Environmental stability and adaptation
of several cotton cultivars. Crop Sci. 16: 821-824.

Bimb, H.P., H. Nakayama, S. Fukuoka, K. Ebana and T. Nagamine,
2001. Genetic diversity in Nepalese populations of Fagopyrum
tataricum revealed by RADP assays. In: Bimb. H.P. and B.K.
Joshi (eds.), Research and development on buckwheat: An impor-
tant yet a neglected crop in Nepal. Proc. National workshop, 13-
14 Sept. 2001, Kathmandu. pp. 95-107.

Biswokarma. S.B., R.P. Upreti and S.R. Upadhyay, 2001. Buckwheat
variety improvement in Nepal: Overview and future prospect. In:
Bimb, H.P. and B.K. Joshi (eds.), Research and development on
buckwheat: An important yet a neglected crop in Nepal. Proc.
National workshop, 13-14 Sept. 2001, Kathmandu, pp. 125-136.

Eberhart, S.A. and W.A. Russel, 1966. Stability parameters for compar-
ing varieties. Crop Sci. 6: 36—40.

Finley, K.W. and G.N. Wilkinson, 1963. The analysis of adaptation in
plant breeding program. Aust. J. Agric. Res. 14: 742-754.

Guimaraes, E.P., M.C. Amezquita, G. Lema and F. Correa-Victoria,
1998. Determination of minimum number of growing seasons for
assessment of disease resistance stability in rice. Crop Sci. 38:
67-71.

Joshi, B.K. and H.P. Bimb, 2001. Prospects and possibilities of buck-
wheat development through biotechnology. In: Bimb, H.P. and
B.K. Joshi (eds.), Res. and Dev. on buckwheat: An important yet
a neglected crop in Nepal. Proc. National workshop on 13-14
Sept. 2001, Kathmandu, pp. 83-94.

Joshi, B.K. and H.P. Bimb, 2002. In vitro growth of Nepalese buck-
wheat embryos in response to species, culture media and vessels.
Fagopyrum 19: 55-58.

Joshi, B.K.. K.P. Shrestha and S. Bista, 2003. Yield stability analysis of
promising rice genotypes in mid hills of Nepal. In: Shrestha,
H.K., B. Chaudhary, EM. Bhattrai and T. Aktar (eds.), Rice
research report. Proc. 23rd National Summer Crops Research
Workshop, 2—4 July 2002, Kathmandu, NARC, pp. 109-116.

Nakayama. H., K. Tsuji, H.P. Bimb, D.T. Sharma, P.P. Kurmi and B K.
Baniya, 2001. Field survey and collection of Fagopyrum species
for in situ conservation in Nepal. In: Bimb, H.P. and B.K. Joshi
(eds.), Research and development on buckwheat: An important
yet a neglected crop in Nepal. Proc. National workshop, 13-14
Sept. 2001, Kathmandu, pp. 10-17.

Ohsako, T., S. Fukuoka. H.P. Bimb, B.K. Baniya, Y. Yasui and O.
Ohnishi, 2001. Phylogenetic analysis of the genus Fagopyrum
(polygonaceac) including the Nepali species F. megacarpum
based on nucleotide sequence of the rbcL-accD region in chloro-
plast DNA. Fagopyrum 18: 9-14.

Saeed, M., C.A. Francis and J.R. Rajowaski, 1984. Maturity effects on
genotypexenvironment interaction in grain sorghum. Agron. J.
76: 55-58.

Steel, R.G.D. and J.H. Torrie, 1980. Principles and Procedures of
Statistics: A biometrical approach. 2nd ed. McGraw- Hill Book
Co. New York.

Subedi, A., D.K. Rijal, K.B. Kadayat and P.N. Mathur, 2001. Perfor-
mance evaluation of buckwheat landraces in different agro-
ecological zones of Nepal. In: Bimb, H.P. and B.K. Joshi (eds.),
Research and development on buckwheat: An important yet a
neglected crop in Nepal. Proc. National workshop, 13-14 Sept.
2001, Kathmandu, pp. 166-176.

Upadhyay, M.P. and B.K. Joshi, 2003. Plant genetic resources in
SAARC countries: Their conservation and management-Nepal
chapter. SAARC Agriculture Information Center, Bangladesh,
pp. 297-422.

Wang, Y., 2001. Performance analysis of introduced buckwheat vari-
eties in semiarid region of Yimeng. Proc. 8th Intl. Symp Buck-
wheat at Chunchon: 125-128.






Fagopyrum 21: 7-1 (2004)

Morphological and genetic characteristics of Fagopyrum homotropicum
plants with red-winged seeds discovered in Changbo village, Batang
district of Sichuan province in China

Mitsuyuki TOMIYOSHI and Ohmi OHNISHI

Plant Germ-plasm Institute, Graduate School of Agriculture, Kyoto University, Nakajo 1, Mozume-cho, Mukoh 617-0001, Japan

Received July 13, 2004; accepted in revised form August 9, 2004

Key words: Allozymes, Batang district, Sichuan province, F. homotropicum, Morphological analysis, red-winged seed

ABSTRACT

Newly discovered plants with red-winged seeds of Fagopyrum homotropicum Ohnishi from Batang district of
Sichuan province were investigated for their chromosome number, morphological characteristics and allozymes. The
red-winged seed plants were found to be diploid. The red-winged type was morphologically quite different from the
normal diploid type of F. homotropicum. Significant differences were observed for 10 out of 14 characters investigated.
Allozyme variation at 15 loci for 10 enzymes were investigated for three diploid and three tetraploid populations. It was
found that the diploid Changbo-2 population (2xC0130), which included the red-winged seed plants had five unique
alleles at four loci, and showed the highest average heterozygosity (H.=0.131) in all the populations assayed. The plants
with red-winged seeds might have occurred from normal type by mutations.

INTRODUCTION

Fagopyrum homotropicum is a wild self-fertilizing
species that was found to be closely related to wild com-
mon buckwheat, F. esculentum ssp. ancestrale (Ohnishi
and Matsuoka, 1996; Yasui and Ohnishi, 1998a, b). F.
homotropicum was first discovered in Yongsheng district
of Yunnan province of China in 1992 (Ohnishi, 1995,
1998). Since the discovery of F. homotropicum, several
researchers have attempted to transfer the self compatible
property of F. homotropicum to common buckwheat in
an attempt to stabilize and increase yield (Campbell,
1995; Hirose et al., 1995; Woo et al., 1995, 2001) and
these attempts have been quite successful.

Taxonomic studies of the genus Fagopyrum suggested
that F. homotropicum probably differentiated from F.
esculentum ssp. ancestrale (Ohnishi and Matsuoka, 1996;
Yasui and Ohnishi, 1998a). Ohnishi and Asano (1999)
showed that both diploid (2n=16) and tetraploid (2n=32)
cytotypes are distributed in Yunnan and Sichuan prov-
inces of China, and that the distribution of the tetraploid
cytotype was limited to the northwestern part of Yunnan
province and the southwestern border of Sichuan prov-
ince. Populations of F. homotropicum from eastern Tibet,
which were recently found, were initially assumed to
be tetraploid because of their large seeds (Ohnishi and
Konishi, 2001).

In 2001, Ohnishi found F. homotropicum plants which
had red stems, red leaves, pink flowers and red-winged
pericarps near the village of Changbo in Batang district
during his expedition to the border areas of Sichuan,
Yunnan and Tibet (The three river region) (Ohnishi,

2002). This type of plant has never been reported to have
been found anywhere else. Judging from its seed size and
the geographical distribution of the diploid and tetraploid
populations (Fig. 1), the red-winged plants were consid-
ered to be tetraploid (Ohnishi, 2002).

In the present study, we attempted to characterize the
red-winged seed plants and the population which con-
tained these individuals. We first counted the chromo-
some number of the red-winged seed plants. Then some
morphological differences between the ‘red-winged seed’
plants (red-winged type) and the ‘small seed’ plants (nor-
mal type), were evaluated by observing and measuring 14
characters. Finally, genetic differences as shown by
allozyme variation between diploid populations which
included or did not include the red-winged type, was
assayed for 15 loci of 10 enzymes.

MATERIALS AND METHODS

Plant materials

F. homotropicum was found growing on rocky barren
mountain slopes, and on stony barren roadsides near
Changbo village (see Fig. 2), along with wild F. tataricum
and F. jinshaense. Some were found in very large popula-
tions, consisting of more than 500 individuals, and others
in small populations of less than 50 plants scattered along
the roadside. Two large populations, one of them which
contained mostly red plants with red-winged seeds
(Fig. 2), were chosen as representative populations of
near Changbo. More than 300 seeds were randomly col-
lected, 1-5 seeds from each individual, from about 100
individuals. These were recorded as accessions C0129
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(Changbo-1) and C0130 (Changbo-2). One more acces-
sion (CO131) from the village of Xuebo, which is near
Changbo, was also evaluated (see Table 1 and Fig. 1).
The seed samples of these accessions were collected by
the junior author during his expedition to China in 2001.
Both small and large seeds were included in each acces-
sion, but the ‘red-winged seeds’ were included only in
C0130 (Fig. 3). Small and large seeds were tentatively
considered to be diploid and tetraploid, respectively. The
red-winged seeds were treated separately from the small
and large seeds in C0130 (see Table 1). Diploid and tetra-
ploid seed samples of each accession were considered to
be distinct populations, since F. homotropicum is a cleis-
togamous self-fertilizing species and has little chance of
being cross-pollinated.

Chromosome count
Root tips of germinated seeds were used to observe
mitotic metaphase chromosomes by using the procedures

|
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© tetraploid
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Fig. I. Location of the accessions studied ( (D Changbo and
(2) Xuebo). The dotted area indicates the area of distribution
of F. homotropicum.

Table 1.

as described by Ohnishi and Asano (1999). At least five
individuals were examined for each seed type. The small
seeds, large seeds and red-winged large seeds in each
accession (Changbo-1, 2 and Xuebo) were surveyed for
chromosome number.

Morphological analyses

Fifteen individuals of the normal small type (2xC0130)
and twenty of the red-winged type (rwC0130) were ana-
lyzed for morphological characteristics. The plant materi-
als were grown in a greenhouse at the Plant Germplasm
Institute, Kyoto University, Mukoh city, Kyoto prefec-
ture, Japan. Fourteen characters listed in Table 2 were
scored on each individual following the methods of
Yamane and Ohnishi (2003) and Ohsako and Ohnishi
(1998). Morphological differences between normal dip-
loid F. homotropicum (normal type) and red-winged
plants (red winged type) were compared using Microsoft
Excel Statistical Analysis System Program (2000) for
Windows. Seed weight was measured for 80 seeds of
each plant type which had been collected from the natural
populations.

Isozyme analyses

Three diploid (2xC0129, 2xC0130 and 2xC0131) and
three tetraploid (4xC0129, 4xC0130 and 4xC0131) popu-
lations were examined. The nor<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>