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ABSTRACT

The Loess Plateau, situated in north-west China, has been subjected to degradation of vegetation
owing to overgrazing. In order to clarify the effects of grazing and cutting on vegetation and
productivity of shrub-steppe, the study was carried out from May in 1989 to October in 1991 in the
Pastoral Preserving Zone of Yunwu Mountain. The vegetation was monthly surveyed, and DM
weights of dominant species were separately measured. Soil samples were taken at three selected
sites and one overgrazed site and these chemical analysis were made.

Relative abundance of species was calculated on the base of the total frequency of 7835. Gramineae
showed the highest value (26 %), followed by Compositae (24 %) and Leguminosae (12 %). During 3
experimental years, the significant increasers were Trgonella ruthenica and Potentilla acaulis, and
the significant decreasers were Poa sphondylodes, Agropyron cristatum, Potentilla bifurca and
Heteropappus altaicus. Species diversity was apparently lower in the cutting plots than in the other
plots. According to the result of ordination by principal component analysis, 7kigonella ruthenica,
Carex spp., Aneurolepidium dasystachys and Thermopsis lanceolata were indicator species under
natural recovery from overgrazed condition. Artemisia frigida and Potentilla acaulis were typical
species in grazing plots. According to monthly aerial DM productions, Stipa bungeana showed
excellent regrowth after cutting or grazing, and contributed to higher aerial DM production. Stipa
bungeana showed significantly lower values of important nutritional elements and higher values of
neutral detergent fiber than other species. The result of soil analysis suggests that total carbon and
phosphorus contents may relate with the rate of the rehabilitation from overgrazed condition of

steppes.
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INTRODUCTION
Semi-arid steppes of north-west China have been
subjected to increasingly severe overgrazing
associated with the growing pressure of human
(Zhang  1992). Under

overgrazing, a grass-dominant steppe usually changes

population continuous

to Artemisia-dominant steppe with decreasing
productivity by 30 to 50 % (Zhang 1984). The change
in species composition is caused by light grazing
(McNaughton 1976). At the first stage of vegetational
degradation, species number and plant density
decline, followed by a rapid decrease in plant coverage
and biomass, resulting in desertified condition (Zhao
and Zhou 1993). During this degradation process, the
most common change is a loss of palatable species
with a replacement of less palatable annual plants,
thorny shrubs or poisonous plants (Grainger 1992;
Ludwig and Tongway 1995; Wu and Loucks 1992). In
the steppe, Artemisia frigida is said to be the most
efficient indicator to the desertification (Li 1989).

The enclosure is reported to be most effective for the
rehabilitation of overgrazed steppes because of
increased coverage of perennial grasses, which are
palatable and sensitive to grazing (Han 1996; Hongo
et al. 1995). Artemisia-dominated steppes changed
into improved steppes dominated by Stipa and
Agropyron species as well as soil condition and forage
production after the 6-year enclosure (Chen 1984; Ma
1985).

Thus, damaged steppes can be rehabilitated by the
enclosure simply. At present, however, there are two
inconsistent requirements for the steppes in the Loess
Plateau. One is the rehabilitation of overgrazed
steppe and another is the demand of grazing
utilization of improved steppes for increased animal
production by local farmers. Especially in less-rainfall
season, which had been caused periodically in this
area, improved steppes have been required for grazing
utilization.

In the future, rehabilitated steppes will be grazed
again according to the environmental changes.
Therefore, a suitable management system of
semi-arid steppes must be established (Zhang 1992).

From a global point of view, the restoration program

was commenced in the Loess Plateau in 1988
cooperatively by dJapanese and Chinese scientists
(Tamura 1991). This report is a part of results in this

program.

METHODS
Study Site
This study was carried out in the Pastoral
Preservation Zone of Yunwu Mountain (latitude 36°
13' - 19" north and longitude 106° 24' - 28' east) in
Guyuan country, Ningxia Hui Autonomous Prefecture,
situated in the west of the Loess Plateau (Fig. 1). The
management method of the Preservation Zone was

mentioned in the previous report (Hongo et al. 1995).
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Fig.1.Three Study Sites on the Mt.Yunmu.Contour lines are placed at

40m intervals.

I :Stipa site, II:Thymus site, IIl:Artemisia site.
The climatic conditions in this area are estimated
from observed data at the nearest meteorological
station by using an altitudinal lapse. Mean annual air
temperature is 5 - 6 °C, frost-free period 120 - 150
days, and mean annual precipitation is 400 - 480 mm
(Zou et al. 1986).

Methods

The study was carried out during the period from May
in 1989 to October in 1991. Three sites on a
north-west slope were selected according to dominant
species in the result of preliminary survey. The
dominant species were Stipa bungeana (Gramineae)
at Stipa site, Thymus mongolicus (Labiatae) at

Thymus site and Artemisia sacrorum (Compositae) at
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Artemisia site. The mean inclination was 19+2.2
(mean *+ s.e), 12 = 0.7 and 20 = 1.7 degrees,
respectively, and an altitude was 1980, 2030 and 2040
m, respectively.

At each site, the area (200 m wide along a contour
line x 50 m long) was enclosed rectangularly with a
prickled wire. This area was divided into four plots
(50 x 50 m), which were assigned to four experimental
treatments (control, cutting, lightly grazing and
heavily grazing plots). Each plot was also fenced with
a prickled wire. In a cutting plot, aerial parts were cut
in July and September at a height of 5 cm. Lightly
grazing plot were grazed by sheep in May, July,
September and October, and heavily grazing plot were
grazed monthly from May to October. Each grazing
treatment was done using 20 sheep for 3 days in 1989
and 100 sheep for one day in 1990 and 1991.

In every plots, the vegetations were monthly
surveyed at five points distributed at random within
each plot. At heavily grazing plot, the survey was
done immediately before grazing. At each point
selected, a 0.5 x 0.5 m square quadrate was laid down.
The abundance of all vascular plants within a
quadrate was recorded. Then, aerial parts of plants
were cut at a 5-cm height. Weights of dominant
species were separately measured. Plant samples
were dried in a forced drought oven at 80°C and dry
matter weights were measured.

Soil samples were taken after a vegetational survey
in August in 1991. At each point, the vertical patterns
of physical characteristics in the soil profile were
recorded down to a depth of 50 cm. Soil samples and
soil cores (100 ml in 50 mm diameter) were taken
from 10 cm scarified stratum. In addition, soil
samples were taken at one overgrazed site outside of
the preserving zone. The method of soil analysis was
the same as the previous report (Hongo et al. 1995).

The ordination analysis was applied to vegetation
data to interpret the main environmental gradients
related to variation of vegetation. A principal
component analysis (PCA) using abundance scores
was carried out (Goodall 1970; Greig-Smith et al.
1967). Standardization of original data was done prior
to PCA (Noy-Meir 1973). Since rare species were
statistically inactive (Barkhan and Norris 1970), the

species with greater than 10 % abundance were used

for the analysis. As a criterion of the species diversity,
or heterogeneity, the information content was
calculated using abundance scores (Greig-Smith 1983;
Clifford and Williams 1976).

RESULTS AND DISCUSSION
Abundance of plant families
Twenty-two families including 67 species were
observed in this study. The total abundance of all
vascular plants was 7835 including 3 years, 3 sites, 4
treatments and 5 months (Table 1).

Table 1 Total abundance scores (No. of quadrates) and species number

observed at three experimental sites for three years.

Family name Species  Total %
No. abundant
scores
Gramineae 10 2022 258
Compositae 14 1856 23.7
Leguminosae 7 964 12.3
Labiatae 3 781 10.0
Rosaceae 6 685 8.7
Thymelaeaceae 1 341 4.4
Cyperaceae 2 314 4.0
Ranunculaceae 2 142 1.8
Rubiaceae 3 138 18
Primulaceae 1 99 13
Cruciferae 1 90 1.1
Liliaceae 2 77 1.0
Others 15 326 4.1
Total 67 7835 100
Annual or biennial 10 458 5.8

Gramineae showed the highest value of 25.8 %,
followed by Compositae (23.7 %), Leguminosae
(12.3 %), Labiatae (10.0 %) and Rosaceae (8.7 %).
These 5 families, which were adaptable to grazing and
drought stress, occupied 80.5 % of total abundances.
Ten annual or biannual species occupied only 5.8 % of
total abundances, and poisonous species such as

Stellera and Thermopsis occupied 9.0 %.
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The previous study recorded 51 families including 161
species, in the 3200 ha exclosure as a whole (Zou et al.
1986).

Abundance of species
Percentages of abundance of 24 species with more
than 10 % of total abundances are shown in Table 2.

The most dominant species were Stipa bungeana at

Stipa site, Thymus mongolicus at Thymus site and
Artemisia sacrorum at Artemisia site. These results
coincided with the result of preliminary surveys.
There were considerable variations in abundance
patterns of many species among 3 experimental years.
The species increased linearly were 7rigonella

ruthenica, Potentilla acaulis, Consolida ajacis and

Table 2 Percentages of abundance of main 24 species for three years studied.

No Scientific name Family name Year sed Signi-
2nd 3rd ficant
1 Stipa bungeana Gramineae 89+2.9 89x2.7 97%x1.2 4.2 *
2 Thymus mongo/ icus Labiatae 91+2.4 86x2.6 95x1.1 3.7 *ok
3 Artemisia sacrorum Compos /tae 86+3.2 80x3.2 92x1.7 4.9 *
4 Trigonella ruthenica Leguminosae 59+4.4 66x2.9 90*x2.0 5.7 *ok
5 Artemisia frigida Compos [ tae 49452 50+x4.4 53+4.8 8.4 ns
6 Poa sphondly/odes Gramineae 68+4.7 43+4.3 39+4.6 7.8 *ok
7 Potenti/la acaulis Rosaceae 28+4.5 50+3.8 5747 1.5 *%
8 Stellera chamaejasme Thymelaeaceae 41+4.5 45+3.8 36x2.9 6.7 ns
9 Carex spp. Cyperaceae 11%£3.1 48x4.0 49+4.3 6.7 *ok
10 Aneurolepidium dasystachys Gramineae 23+4.4 13+x3.1 47%x5.2 1.5 *ok
1 Agropyron cristatum Gramineae 48+4.6 34+3.9 6+1.7 6.3 *ok
12 Potentil/la bifurca Rosaceae 52+4.6 26%3.1 8+1.7 5.8 *x
13 Leontopodium leontopodioides Compos i tae 16+3.7 23+3.8 25+3.8 6.6 ns
14 Heteropappus altaicus Compositae 30+4.2 23+3.3 13x2.4 59 *ok
15 Thermopsis lanceolata Leguminosae tr 31+3.8 28x+4.3 5.8 *ok
16 Hierochloe odorata Gramineae 40+5.3 4x1.6 19%+2.9 6.3 *ok
17 Stipa grandis Gramineae 16+4.1 20+3.4 26+3.6 6.5 ns
18 Consolida ajacis Ranunculaceae 4+2.4 15+x2.6 29+3.8 5.2 *ok
19 Artemisia scoparia Compos [ tae 39+4.8 4+1.3 6+2.4 5.6 *k
20 Oxytropis bicolor Leguminosae 19+£3.6 23x3.7 tr 5.2 *ok
21 Viola yedoensis Violaceae 21+4.2 11x2.5 9%x2.0 5.3 *ok
22 Androsace erecta Primulaceae 24+4.2 12x2.6 1x0.6 5.0 *ok
23 Galium verum Rubiaceae 9+2.8 22+4.4 5.2 *x
24 Torularia humilis Cruciferae 9+2.9 6=x2.1 16+3.4 5.0 ns

Figures show meanzs.e. tr; less than 0.4 %, ns; not significant, *; significant at p<0.05, **; significant at p<0.01.

Galium verum. In contrast, the species decreased
linearly were Poa sphondylodes, Agropyron cristatum,
Potentilla bifurca, Heteropappus altaicus, Viola
yedoensis and Androsace erecta.

The vegetation in this region was classified into

shrub-steppe (Zhang 1992). Only one shrub species

such as Caragana jubata was recorded at Artemisia
site. No other shrub species was observed, although 3
Caragana species were recorded in the previous
report (Zou et al. 1986). The original plant community
might had included Caragana shrubs. These shrubs

are now observed only on steep slopes where farmers
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and livestock can not reach them. A lack of shrub
species is due to human impact over a long period
before the commencement of the exclosure. It is said
that most shrubs have been cut by local people for fuel
over the last 2000 years at least (Zou et al. 1986).
Species diversity

Mean number of species recorded per 0.25 m2 during
three years were lower in the control plot (38-44) than
in the other plots (41-51) as shown in Table 3.
Information contents as a criterion of species diversity

were apparently lower in the cutting plots than in the

other plots. It was due to the decreased abundances of
poisonous or unpalatable species such as Compositae,
Leguminosae and Thymelaeaceae families.
Historically, this area had been grazed only in
summer and never mown because of long distance far
away from the nearest villages. Poisonous and
unpalatable species could be maintained with high
abundance scores under a few disturbances. The
cutting treatment in this study may seriously affect
the abundance of these poisonous or unpalatable

species.

Table 3 Information contents and observed species number in parentheses in four treatments at three experimental sites for three years.

Site Treatment
Control Cutting Light Heavy Pooled
grazing grazing
Stipa 1075(44) 715(46) 1207(50) 1186(51) 4614(59)
Thymus 1008(39) 591(41) 1015(46) 1046(44) 4080(58)
Artemisia 972(38) 582(51) 1075(51) 1058(46) 4096(59)

* Information contents were calculated from percent abundant scores.

Ordination of 36 plots
The ordination diagram of 36 plots by principal
component analysis is shown in Fig. 2. The first and
second axes of the ordination accounted for 22.3 %
and 11.4 % of the variance of the data, respectively.
The trend represented by the first principal
component corresponded to sampling years. Plots at
the positive side along the first principal component
were identified as many plots in 1989 and those at the
negative side as many plots in 1991. On the contrary,
environmental factors along the second principal
component appeared to be related to the experimental
sites. Many plots at the positive side along the second
principal component were included in Stipa site, and
those at the negative side were in 7Thymus and
Artemisia sites. There was no tendency for the
distribution of four experimental treatments with
respect to the plot distribution, because of limited

period of the experiment

Ordination of main 24 species
The species highly loaded at the positive end along
the first principal component showed decreasing
pattern of abundances with a progress in years (Fig.
3). These species were Poa sphondylodes, Agropyron
cristatum, Hierochloe odorata, Heteropappus altaicus,
Artemisia scoparia, Potentilla bifurca, Viola yedoensis
and Androsace erecta. On the contrary, the species at
the negative side were characterized by increasing
abundances. Typical species were Aneurolepidium
dasystachys, Trigonella ruthenica, Thermopsis
lanceolata, Carex spp., Consolida ajacis and Galium
verum. These species may increase under natural
recovery from overgrazed condition. Artemisia frigida,
Potentilla acaulis and Oxytropis bicolor at the
negative end along the second principal component
were indicator species of overgrazing with high
abundances in grazing plots and low in the control

plot.
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Fig.2.0rdination diagram of 4 treatments at 3 sites for 3 years by
principal component analysis.Figures(1,2 and 3) show
experimental years.A,B,C and D show 4
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lines enclose 4 treatments in one year.
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Fig.3.Ordination diagram of 24 main species by principal component
analysis.
1:Spita bungeana 2:Thymus mongolicus
3:Artemisia sacrorum 4:Trigonella ruthenica
5:Artemisia frigida 6:Poa shpondylodes
T:Potentillia acaulis 8:Stellera chamaejasme
9:Carex spp. 10:Aneurolepidium dasystachys

11:Agropyron cristatum 12:Potentillia bifurca

13:Leontopodium leontopodioides 14:Heteropappus altaicus
15:Thermopsis lanceolata 16:Hierochloe odorata
17:Stipa grandis 18:Consolida ajacis
19:Artemisia scoparia 20:Oxytropis bicolor
21:Viola yedoensis 22:Androsace erecta

23:Galium verum 24:Torularia humilis

Percentage abundance of main 12 species
Twelve species showed significant differences of
percentage abundances among 4 treatments (Fig. 4).
The species with significantly higher values in the
control plot and lower in grazing plots were Poa
Potentilla

bifurca and Stipa grandis. The reverse tendency was

sphondylodes, Agropyron cristatum,

observed in the species such as Artemisia frigida and
Aneurolepidium dasystachys. Artemisia frigida seems
to be the most efficient indicator to the grazing
pressure (Li 1986; Li 1989).

100
75

50

N
o

o

Percentage (%)
o
o

N
2]

12 13 14 15 17
Species number

Fig.4.Percentages of abundances of main 12 species.Attached lines on
bars show s.e. of mean and vertical lines show s.e.d. of the mean

difference. E2:Control, %:Cutting plot,

“Lightly grazing plot,
§:Heavily grazing plot.
1:Spita bungeana 3:Artemisia sacrorum
5:Artemisia frigida 6:Poa shpondylodes
9:Carex spp. 10:Aneurolepidium dasystachys
11:Agropyron cristatum 12:Potentillia bifurca
13:Leontopodium leontopodioides 14:Heteropappus altaicus
15:Thermopsis lanceolata 17:Stipa grandis
Aerial DM production

Fig. 5 shows monthly aerial DM production averaged
for 3 years. In all 4 treatments, Stipa site maintained
higher values of aerial DM production than 7hymus
and Artemisia sites. In cutting plots of Stipa site,
excellent regrowth after cutting was observed. Aerial
DM production was remarkably affected by species
composition, especially by dominant species.

Percentages of total DM production of 3 dominant
species were shown in Fig. 6. calculated. As a grand
mean of 4 treatments, Stipa bungeana, Thymus
mongolicus and Artemisia sacrorum occupied 34£1.2
16£1.3 and 21£1.5 % of total DM production in Stipa

site, 811.0, 27*+1.5 and 9£1.2 % in Thymus site, and
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9+1.0, 10£1.1 and 29£1.6 % in Artemisia site,
respectively. Higher percentages of Stipa bungeana
contributed to high aerial DM production.

C. Artemisia site

A. Stipa site B. Thymus site

200

DM production (g/m2)

|.|.I.l.l.ln

MJ J ASO

RN
M J J A SO

Month
Fig.5.Monthly DM production at three sites.Arrow marks show each

poe b
S S U S S— ——
M J J A SO

cutting time.Attached lines on symbols show S.E. of mean and
vertical lines at lower side show s.e.d. of the mean differences.

O:Control plot, A:Cutting plot,[1:Grazing plot.

A. Stipa site B. Thymus site C. Artemisia site

100 p

Percentage
@
S

Treatment

Fig.6.Percentages of produced DM of 3main species and other species
in 4 treatments.Vertical lines show s.e.d. of the mean differences.
A:Control plot,B:Cutting plot,C:Lightly grazing plot,D:Heavily
grazing plot.

[ :stipa bungeana, EZ :thymus mongolicus, ¥ :Artemisia
sacrorum, 8. other species.
Potential DM production
Potential DM productions were compared among 4
treatments using the following parameters: the
maximum values in the control plots, sum of two
harvests in cutting plots, and 60 % (presumable
intake rate of pasture) of sum of 6-month DM
There

significant differences of any species and total

productions in grazing plots. were no
production among 4 treatments (Fig. 7). The results
suggest that this steppe vegetation will be able to be
maintained with high capacity of potential DM
production under cutting twice or grazing monthly
during growing season. Therefore, the rehabilitation
process and must be

vegetational dynamics

reexamined under cutting or grazing managements.

A. Stipa site C. Artemisia site

B. Thymus site

Potential DM production (g/m?)

Treatment

Fig.7.Potencial DM productions of 3 main species on 4
treatments.Attached lines on bars show s.e.d. of the mean
differences.

A:Control plot,B:Cutting plot,C:Lightly grazing plot,D:Heavily
grazing plot.

O :Stipa bungeana, F: :thymus mongolicus, Y :Artemisia

sacrorum, ﬁ:Other species.

Chemical properties of plant materials
Stipa bungeana showed significantly lower values of
important nutritional elements such as organic cell
content, total digestible nutrients, Ca, Mg, P and K
than Thymus mongolicus and Artemisia sacrorum,
and significantly higher values of neutral detergent
fiber (cellulose, hemi-cellulose and lignin), as shown
in Fig. 8. Thus, Stipa bungeana may adopt step
vegetation  with  fibrous and  low-nutrition
characteristics, resulting in less grazing intake by
animals.
Soil factor

Fig. 9 shows the result of chemical analysis of soils at
3 experimental sites and one overgrazed site. Soil
moisture and pH increased and other properties
decreased with increasing soil depths. Total carbon
and phosphorus contents were significantly different
Total

significantly higher in Stipa and Artemisia sites than

among 4 sites. carbon contents were

Thymus and overgrazed sites, but phosphorus
contents were significantly lower in overgrazed plots
than other plots. The rate of the rehabilitation from
overgrazing may be estimated from phosphorus
contents (Harper and Climer 1985; Hongo et al. 1995;

Qi et al. 1985; Yang et al. 1985).
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A CP (%) B. 0GC (%) D. TDN (%)

C. NDF (%)
0 r

40

0.1

0.05

0

Species

Fig.8.Digestible nutrients and mineral contents of 3dominant
species.Attached lines on bars show s.e. and vertical lines show

s.e.d. of the mean differences.CP:Crude protein,0CC:Organic cell

content,NDF:Neutral  detergent  fiber,TDN:Total  digestible
nutrient,S:Stipa  bungeana,T:Thymus  mongolicus,A:Artemisia
sacrorum.

A. Moisture (%) B. Soil pH C. Total N (%)

86

0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
Soil depth (cm)

Fig.9.Vertical distribution of soil properties at three experimental sites
and one overgrazed site.Vertical lines show s.e.d. of mean
differences.

O:Stipa site,[1:Thymus site, A:Artemisia site, @:Overgrazed site.
Methods of restoration

The mutual relationship between five types of steppe

vegetations observed in this region is shown in Fig. 10.
Potential vegetation, which does not exist in the
natural condition, is estimated to be dominance of
Stipa bungeana, Stipa grandis and Caragana species.
Overgrazed steppes, which are dominated by
Artemisia frigida and poisonous species, had been
naturally restored into Stipa-dominant steppes after
5-year exclosure in this region (Zou et al. 1986).
During this rehabilitation process, soil organic matter
and phosphorus are considered to be the principal
factor through the modification of soil moisture
condition (Newbould 1989). Soil organic matter plays
an important role in preventing crust formation at the
surface, resulting in increasing water infiltration
(Cheng 1986; Gee et al. 1988). Therefore, the artificial
input of organic matter and phosphorus into soils
seems to accelerate rehabilitation process from

overgrazed steppes (Bradshaw 1988; Jordan 1988).
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Disturbance

Nil Stipa bungeana .
Stipa grandis {Potential vegetation)
Caragana spp.
€
...................... »
Stipa bungeana
Light ¢
Stipa bungeana Stipa bungeana
Artemisia sacrorum > | Thymus mongolicus
Heavy \ I
Artemisia frigida
Poisonous plants
Stellera chamaejasme
Thermopsis lanceolata
Overgrazing
{Desertification)
Rich <*+— > Poor

Soil condition

Fig.10.Model of rehabilitation process from overgrazed vegetation of shrub-steppe under different soil conditions and grazing intensities.

Under lightly grazing, the steppe vegetation
showed high species diversity and high potential of
DM production, suggesting that growth of dominant
species is suppressed and more resources are made
available for small, less competitive plants (Grime
1973; Milchunas et al. 1995). It will be possible to
rehabilitate overgrazed steppe vegetation and to
improve animal production by the improved grazing
management with optimal intensity of animals.

Once destroyed or damaged, steppe vegetations are
very slow to re-establish themselves (Richard and
Vaughan 1988). In order to shorten restoration period
in damaged vegetation, artificial reseeding may be
effective (Coupland 1992). Introduced species are
expected to have a greater capacity to produce
herbage and control of water and nutrients, and
regaining its energy capture efficiency (Beedlow et al.
1988). In the Loess Plateau, three native grasses such
as Stipa bungeana, Agropyron cristatum and Poa
sphondylodes, which widely distribute, may be
advantage over other plants in term of adaptability,

small seed size, quick germination, capacity to

prevent soil erosion, and agricultural usage as a feed
(Huang and Li 1985). Further studies are needed on
the methods of establishment and management of

these grasses.
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Table 1 FN—_RYV =L FSLDPEE 7y 7=V, RYT=x) =)L FiELEHEORE

Ry T T =0 R T =)= P sk Bl bis
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Abstract

Six plum varieties (Early rivers, Robe de sargenant,
Opal, Chairn, Sunctus, Purple ais) and 9 blueberry
cultivars (Rancocas, Weymouth, Northland, June,
Patriot, Blueray, Herbert, Berkeley, Darrow)
cultivated in Hokkaido in 2004 were subjected to
polyphenol extraction using 5% formic acid methanol,
to quantify polyphenols and anthocyanins and to
compare the antioxidative activity. The Robe de
Sargenant, Chairn, and Sunctus varieties of plum and
the Northland variety of blueberry showed the
highest polyphenol content and also nosides combined
antioxidative activity. In both species there was a
strong positive correlation of polyphenol levels and
antioxidative activity. HPLC analysis indicated that
the main polyphenol in blueberries was anthocyanin,
while that in plums was neochlorogenic acid. We
conclude that by the correlation of polyphenol and
anthocyanin, the varieties of both fruits can be clearly

distinguished.

Keyword: antioxidative activity , polyphenol,

anthocyanin, plum, blueberry
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The effect of low temperature and light on the antioxidative enzyme activity of the Adzuki bean seedling.

Ning Hel2, Tomokazu Futono?!, Michiyuki Kojima?

wm =
HIZFHIDARRITTRNT U 1 & A F = 0 & ORI IV BE R — 1 O%AE% 1 5 CTIRIELHE

L72WRIZ, WShFEOPIRILEEETEMEIEWDR H D DN E I EFRT, ThHREA T I Of bFELE%E
IR 2 &, APX JEMSC CAT &M 5 L7e2s, BE/NRR — 1 @ CAT IEMHIXEEE IR N Lz, Las
L, 3{BZEARIT 4000Lx DOYERRST T CTIRIRAIET 2 &, BE/hiR— 1 O CAT IEMEIX BH L72s, T34
AFTILDFENTIZEALEEL L oTe, B/ANKLR— 1 OFRMEFEENL, Db HRETRIRELZIT 2
EARHIANELAL, CATVEMEAMET U CHIBIN O bK B2 R & 72 0, MifufEE A E 3o Ltk

Wy,

XF—U— R 7R¥, T4, KEALBEE, SOD, APX, CAT

1
HARTHEPEESNDT X% (Vigna angularis L.) D)
TENY, JERECTAEEShTWA, T, AN
HARTHERDAEN DL, TAFEEOKRASTH
LE~AKORBERBELF IR Z LD, FRHIT XX ORI
WLTWAY, LML, 7 AXEA 7~ R (Phaseolus
vulgarisL.) 7¢ EMD~ A BHEMIZ LA~ THEIZES L,
RIRFEE A Z TV TH D, 7 XX FbE O RE 2
LHDHE, FHHIG TR 4EIC L EOME, 10821 E
DRBEVFELTND Y, BFEEOT XF ORI

IR PR PR R R PR S

BIIELETFL, RESEWMAT AXIZoLbZ LI
RO RE A IMTEE R E~OFBELRKE W, LEETT
XX EFHIET D L CORERBEO—OIX, HEELFEOM
BIEDWEICH D, T A OMIRMESE T, O
FEHZOEIRBRARARRICL D v 7Y 7 KOS
B, @EFOH : AL 4~5 BHOMKIRIC L 2 4FEIE
(BikE V), QBAEHIE : BEHIEDRIRIC L 588
TRk pEFIEER L L LTBEShTWA VY, =
NHO~Q@DRFHNZ I AT DARREENESHNTE =
EELWAEROEOR T2 Z &Il 2,
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— AL, ROl IRE O FRB XL OVFRE B
ZIZIRPEBREE T, @IESUTEIR A N L AD 7 o IRl
OEBREN R DR T, F LW ELZIT 5 Y,
FOFRRWED—2L LT, EEBRENZZHNTWVD,
WL, @H OEBEETICBO T HIRERRSE 2 4 L
TWDD, BHOEBEETEL TV HIEHEREDET
FHIICEEEZ 525 2 Liden Y, bbb, BEL
ToIGMEREFRIL SOD (R — =A%+ KT 4 AL H —E) T
LV BEREAKRFEITRBEE 4, A Ui bk R & ek
RO APX (7 A2 E U~V AF v 7 —8) SHIfuE
D CAT (B2 T —8) BEHFRKIIHHLTWND, L
L, #olg, e, (KR7R EOBREEA L ASEMHT T
BOIGVEBREE AR T2 2 L2k b, £, KR T T,
RENEEPMET T 200057, Kb DT xL
F—PA LT 272018, @l L¥—I2Ld)
B E 2 EOMIEEOMIENE S LB X 6T
W5,

HEFEHI OB TEN RV THD [T E A F 2
v EHEHAEOB R TH D TR — 1
DRAENZ T DRIEREE QR ITBFIT R R > TN T
BFIRRFEFIZ L0 B v 7Y O TIERSHIES D, =
O OIERDOIRK & AT 25— Bt & LT, [RiELE
I X DI LR RTEME DO EENCER Lz, BV T A
VYA E, VAL XFXFREOET, KRR ML
AT R0 PUBLEESR OTEMED N 5 2 & Ml 77 &
NTWD, RBFFEIE, 7 X% OIRIREE 5 AR D
THAFR R BT O—B & L TITY, IRIRAAERIC &
07 A% 2 SFEOHIEMEBERIEMED NS 5 D2 E 5 D,
FIAEPED BT MM AR DN D DIE I DITD
WO L 72,

ES VR
1. EBRAB OB
HEF ORISR CH S [T HFF A F =)
L HSFHORRICHORETHS BUMIR— 1) &%
BT, T R TE TR ACHRE T R R CF

H) OGHEFE_RLIVSBEBL W W, 7 AFy
IRy MINR=IF 2 T4 MEFED, HHKSELZOD,
7 AXFEA &K 10em BIFREIC 1R SRER L 72,
EREOT R 2 AR, KR ER TS O R =
(25C) IZBWT Ay P TH STz, 25C, BT TH
IR FEEAER, TOFEERRICBIbDLE, X
v (BB 4000Lx) 1Z8B< b DITHT, KR E LT
L CH7a—AFx vy Exry b (SANY0) (2B L7, 7 A%
FeAIE, ALER O IRP[E], 12 IR, 24 IRPRIERICHIAEZE D 7x
AL T, MMREEZRAY L2, £, arbr—n
OMEHE, 25C, BFIEIIHEHTENLETNREE L5
AWz, Eiz, RHMEFEAEE, HEFERISOES Y (250)
DZEMHTS ARERKRL, 15C (§3)) or/r—AFx
F b (SANY0) 2B LT, HHMEEL, (KA L
e TN L LTz AVERED % 24 FREICERILL T,
HLE IR A TR LT,

2. HEREORR

THERL TRV HSITIRIRER L WATEL R
THETHRE L 72, ¥ L7235 1 g 12%6F LT 0. 4mM EDTA,
ImM 7 A3V e EE, 2%(w/v)polyvinyl
poly-pyrolidone # & 25mM U VI U U LNy T 7 —
Mz TRIRYE, 2560, ELoBE (4C,
L TR bz BIE BRI L Lz,

14000rpm)

3. Himg{LEEREEORE Y

3-1. RA=—FF Y FYRLHZ—(SOD) FEMORIE
MR, Bra—RABHT 2 —7 AR, 2L O
10mM U R Y T LNy 7 7 —C 20 R (4°C), fitHe
LM BFEN LT, SOD IGMEDHIE AR E Lz, o)
SEHEEFF DB IACHKEEIK 2089. 501 (7T 7 Tl
2099.5, 1), 0.1mM EDTA 25 de 500mM VU B U & &
Ny Z77—L0. 1M ¥ b7 B AC, InMFY o F I miE
EZNEN300u ] TOMY, T I 8fFAIN LIzt
WaMr TEBELIL, T0%, FHFrAxo s
—¥ (XOD, 25Unit, FILAEIKT ) % 0.5u1 Mz T
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EHIZHFE L, 550nm DWOLE DB L ZRIE Lz, KIS
I%, XOD DWRINC LV BtaL, ¥ b7 vhCOEILER
JEEEDHINE G RE L TEME A RDTZ, ¥ F 7 r A
DIRIC A bORPLE T HiE M4 1nit & LTz,

3-2. TARAaANEUVBRIVAFUZ—E (APX) EHEOH]
E

Iml BEOFHHEE AT, FKEEK832. 5,1, 500mM U
HV T LNy T 7 —% 501, 40mMEDTA % 2.5 1, 50mM
TAANEUEEE bul, BERIR (XX ERT0ug
DIEFIR) 50ul M TEL B L, 20%, 50l
o> 10mM iR (LK & N 2 CHE 6 IR, 290nm O
BEEARRGE LTz, RONE, @RokFBLHRmMT 52 LIz X
VERME L, 7 AL E RO E WO H B
ELTEME L, 7 A3 E UBEOSFWOeRENE
2. 8nM/cm % FAV =,

3-3. A&7 —¥ (CAT) EHDHIE

Iml AOAHE/Z, 10mEER L KT Z 950 u 1 A,
BRI (& 2787 B 450 u g DI#FRIRZ 1000 (575
50ul Z2MNZ, EHIT 240nm ORCEZRIE LT, BEE
R % 1IN 2T % OO MG RA b AK 58 0D 53 fift 2 WROK BE DI 3 &
JIE LT CATIEME L L, ImERME/KSE D5 1R ¥ T
0. 0394mM/cm % FHV 7=,

3-4. MEERE VNI BOER

T RAXYIELED DA LI BRI D & v o8y B
i, 20f5 ML T, 79y R74— RETHEL. T
bbb, Ty F =TT 0ul BEY, T
7 v K7 — K3 (STGMA #L8Y) 1m1 &M% THEF,
10 4312 595nm DU IEE 2 Ko 7=, BEMROVERIZIL,
BEAEO D BT AT RV,

L RIR L BT AR B EE DT LEERTEH I RIE

TE

THREAFT T LB/NRR—1 OEIELEEZ A D
TIRIRALE L 72355 @ SOD IHHEICAKITFAD B v h -
7203, JEIE U CIRIRAAEE L7235A100, Wi e ©12 24
h LAIIZ SOD V&M N L7z (Table 1), T 72dbbh, i
il & b IZEHE U OARIE S T SOD FEMEIE T 95 23,
KA OARIRSFE TIIEMEZHERF L TV D Z LR E
i, Fiz, WSFED APXIEMEIY, JeOF IR <
Wb Lz (Table 1), =2 bu—/L & {RIRAE L 7=
TITOEDOENITE A ERD BN ST2D T,

APX JEMEDIR FIHMEIRIC L 28 TldRnEE 6N D,

Fio, L CIRERE L725E, WaLfE e $12 CATIE
PEAME T L7278, A 0 CIRIRAAEE L2k T 7 1 4 A
F AU EIEAD CAT IEMIFIE T L, B/NRLR—1 D%
FUTHIZ EH L7z (Table 1),

Table 1 7 AXELEAZERLE L 7= & & OHB{LEEREEOE L
i R 4 S g e R Y sop” iE APX" i Pk CAT® i Pk
. o~ 15C o - o -
(Hour) 25°C C 25°C 15C 25°C 15C
FHIREAF T 0 0.011+0.001 * 0.011%+0.001 ° 1.15%+0.12*° 1.154+0.12° 82.2+1.0° 82.2+1.0¢
3 12 0.008%0.004 ¢ 0.008%0.004 ° 0.81£0.01°" 0.61%£0.01" ND ND
24 0.004=*0.001" 0.004=%0.001 0.81+0.01°" 0.61£0.01° 42.4+11.5° 42.9+8.0
H 12 0.011%0.001 ° 0.011%+0.001 " 1.01+0.01° 0.91£0.12" 42.9+6.8" 65.1+3.3"
24 0.011%0.001 ° 0.011%+0.001 " 0.67+£0.11° 0.61+0.01" 41.5+6.0°" 63.6+7.5"
BE /MK R — 1 0 0.011%0.001 * 0.011%0.001 ° 0.94+0.23° 0.94+0.23 59.4+8.0° 59.4+8.0°
3 12 ND ND ND ND ND ND
24 0.004+0.001" 0.006%0.001 0.61+£0.01°" 0.61+£0.16" 32.5+7.8°" 45.2+1.4"
H 12 0.011%0.001 ° 0.011%0.001 ° 0.87+0.12" 0.81£0.16 " 60.7+4.4° 79.3+5.0°
24 0.011+0.001" 0.011+0.001° 0.40+0.01° 0.51+0.12" 58.6+4.0 85.9+12.8"

1) Yt : #EIIMEAT, A% 4000Lx ZEM L7, 2) J0HEER] ; ALEBAAA L TH L DRFF TR LTz, 15C (b LKL 25CHEFE) TBLT

D5 DR TR LTz,
—¥ (B3 pmol/min/ y g protein)

3) SOD, R — _—F XL RPRLZ—F (BALIL Unit/ ug protein)

5)CAT, & # 5 —+¥ (B4IE pmol/min/ i g protein)

4)APX, TR )V E VBRIV FF U
TP E R RETR L,

ND : #F Lo tz, T—FHOABEERERY VIV DEEREETITo 2 (p <0.05),
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Tebh, B/ —1 OFE(LFEEIL, KodHIRE
TIRIRA U AEZIT 5D L CAT {HWD EAT2528, 7
NALEAFT I EACEAEDZNTEN L 2N & 2R
LTW%, BE/RGER—1 OBAEEAEDNCA Y OIRALEE
IZE Y CAT I5H% LR &2 00%, MO 225
BO—2THDLI1H LR, 717 WTHERKIC
FREAIRY T, B AETT O DICKBERORNTTH D,
TAHAREAFIUHETED 7 va 7 ¢ VERREENL, B
MRERL DENED BENZ EBRMELT7 74 b b
VIR ETBIE S, ARIRE G T HIE S B VR
Fl OHVEIEL, TARLA T IArOENI Y BBEHFEIC
WO, ZORERERL LAy T ) U TRERERL,
RPTHIELTLE S, #EIENRIET D720 DEREIS:
L, 7TARREIL - TRR-TVWD LS T, HIZT
ANREAF T LB/ PRR-1 TIRBEICRD b,
&L BITRRIC B A 50T D5 LIEN DR EIEIC 2 D
EEEERE, Jun T o VOEENE ;7 e e T 4 LR
R (Fmhrmmr 4 ) RR5 -7 I/ L7 VR
E) VYDOERIERCIEER 72 OB LEETHA I,

2. RIBAHIC X 5T AX(LEE DT LBERTE D

-2

IIRALERIZ X DB/ NRR — 1 SR EEA DO AP IGEDZE
LT LA EBO NS TN, TAREA T IO
ZUE3 BAWICER LA (Table 2), F7z, BE/KIR—
1 OFFALFEAE 2 RIRAVER U 72 FF D CAT IEPEIZE L<IKT
L7228, THREAF =D CAT IHPED B 72 J58h 1358
ool (Table 2), THXF A F T LB/IML

F—1 DFLEAED SOD IEMES, KRB L2 LIk
DB RISV ENIRD b oo, 2L b OFEEN
O, THAXFA T A ORMEFEENRIREZ T D &, APX
TEPER CAT TEMEIT BH-T72 2%, BE/RIR—1 o CAT V&M
EBREIIRT 2 Z e RSz, HEEH OARIRRS
DR D 2 MBOT AFEAEIZBNT, H{LEEZKIR
SUER U 7= RIS 1T CAT TEHEICE WSRO b, FlofkbsE
A A ARIRALEE U 72 RFIC 1 APX TEME & CAT JEMEIZIE W 2358
OHT, EH6 bR bKEEZHET 2MEOLEEH T
B D mOSEBRRO DS, CAT ITAIIRELICH Y, APX 132ER:
BIFET 2HETHY, TNZNOMIEEEE COMEEE
{ERFBOBEEITHELE G2 TWHAERENREZE X bND,
AeiE D 5 A - FH~6 A IAICHT, IRIRREN R <
ENDH DN, TOX D RWEREOR/ IR —1 FEAE
DEZLIIHFL L Ty 7TV 7iRgLed, 20X
IIRRRE L 72D T AXEAED CAT IHMEIXIAE K T LT
IR RN 5 2 L IC X AfifubEE 2R Z LT

WBD)E LIV, Tewari 5 (1998) 1%, {KIRICHIVE
MTHHX 2D VKRR ML AE 520k, 7 a bR
N7 4 YR TFu hruns 4 REREMETT 5

TLEREOLE, 25Q000)1F, HhLTEIIEY
T ADEIEEND I un T (LR LR LEEREIE

ORNCHEREOHBEO®H 5 Z L2 WEY LTS, v
bAoA X ;A ;e LRI, RIRABICL D T RS
A FF D APX R0 CAT FEMEDEEINAFRD LTS, B/
BiR-1 DFNERD bRl 2O LIE, TAF
FRFEDET K0, RIS EME O R LB R 5 D FE
BIOHIR 172 E N B2 2 FREME A TRIE LTV D,

Table 2 7 AHfk{bEEZIRRAE LT & & DI LBERIGEDOEL

6D R ALER A 3T SODTIEHE APX” JEE CAT T HE
Oay) 7hxmiF=ty  BIKA-L THRIAF T HUMER  THFHAF A B
H 25C 0 0.023%+0.003 % 0.018+0.003 ° 0.14+0.02° 0.20%0.01* 43.2%+7.6" 71.4%5.2°
15°C 1 0.020%+0.003 % 0.016%+0.004 ° 0.18%0.01° 0.20%0.01* ND ND
2 ND ND 0.21%0.02° 0.20%+0.01° 40.1%+6.7" 31.2%4.3"
3 0.026%0.004 * 0.012=0.001 ® 0.47+0.17° 0.20%0.01* 55.1+5.9° 34,245.0°

DY : AiF 4000Lx ZER Lz, 2)AE A : I5FCTLEBABLTHLDAKTRLE, 3)S0D. R—/—FF L FPRLAZ—F (B

friX Unit/ u g protein 4) APX, 7 X a )L E VB~V A F X —P (BALIX pmol/min/ u g protein)

5)CAT,  # 5 —¥ (Bifritu

mol/min/ g protein) 7 —Z X EHELFERFETR LT, T—FHOBEEREZY VIV DEEREHTITo7 (p <0.05),

ND : 34T L7Zzho e,
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Abstract

Seedlings of 2 varieties of Adzuki beans — the
Buchisyouryukei-1 variety, which is weak under
low temperatures in the budding stage, and the
Akanedainagon variety, which is resistant to low
temperatures in the budding stage — were
investigated to clarify whether differences in the
antioxidative enzyme activity are associated with
exposure to low temperatures (15°C). APX and
CAT activity rose when greenish Akanedainagon
seedlings were exposed to low temperatures, and
the CAT activity of greenish Buchisyouryukei-1
seedlings decreased significantly. CAT activity of
etiolated Buchisyouryukei-1 seedlings rose during
chilling under light (4000Lx), but there was no
recognizable change in etiolated Akanedainagon
seedlings. It is the decreased CAT activity when
greenish Buchisyouryukei-1 seedlings are exposed
to low temperatures, in combination with the
resultant excessive hydrogen peroxide, that causes

cell damage.
Keyword: Adzuki, seedling, low-temperature,

Superoxide disumutase, Ascorbate peroxi-

dase, Catalase
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IEIEBMSEIEHRE Sclerotinia nivalis D

TIT 77 RN H T 7Y a i —BiEEOKRREG

VORI - BHES - PR - HRRR - Ehi
(5%# . 2005454 A 26 H)
Cold adaptation of polygalacturonase activity from the alfalfa-cultured psychrotrophic snow mold
Sclerotinia nivalis
Tsuyoshi WATANABE, Mikio SHIMADA, Yoshitada NAMIKAWA, Izumi SAITO!, and
Toshihide TAKASAWA

C . |

IRIRMESERE Sclerotinia nivalis DIRIRMEISHRE AT 57201, 5CERO20°CCTHEET BARI AT
27— (PGase) iEVEDME ZM~T=, S nivalis DT VT 7V 7 7 EHITOREIT 5°C T 187 HE,
20°CCIX 195 AfHT-7z, 5CRUN 20°CEEZRMMMINR D PGase THIEIL, Zh 22 57.920.4 U/ml (A
740mL, Total activity 42 800U), 20.4=0.4 U/mL (AR 655mL, Total activity 13 400U0) THY, 5C
BRI 20CHEE L 0 2.8 15 mi< PGase ZPEAE Lz, IREEIRIAMEIZ DOV T, 5'CR O 20°CES# PGase TEPEE &
I\ZROEIREE L 50°CTdh o7z, 5CEEAMANIR Pease IEMEE R (U/mL) 13, 5-7T0°COIHTREOIREEHFRIC I
C 20°CEFZMAITIE PGase TEIEIZEIARTH2 0 FidroTz, 50°CTOIERIEICKT 2 AIRE COMRREETO
BAZRUWNTIE, SRR PGase 1ML, 5-40°CORIBEREHIIAIC I\ T 20°CREE IR L 0 K9 1.5
f%(40°C)-3. 5 1% (5°C) ihr o7z, pHERTEHEIC DWW T, Il pH 13V 374U pHa. 0-4. 5 T 7273, pHb. 0-6.0
RO TIHEMIEE 2 > T IREELEMEIZ OV T, 5 CHEEE IR 205 30°CE TIRLETH o 72,
—77, 20COLDIE, 40CETLETH-T,
INHOZEMD, S nivalisiy, 5CTOMRIBRERICRBW T, BVRLERKIRIEN: Pease 2 KEIZPEAT
5 Z LIk o TR LTV D Z E MRS,

— R Selerotinia nivalis, {&KIRE, RNYFT 7 val—=8, (KEWES, FIEEESFEEESE.

##

ZOBEP RN TR A ST OIMRIE TAEF L

Sclerotinia nivalis |3 FZEEHY (Ascomyconia) « #RE
s U %7 H (Helotiales) « BEIZHE:
(Sclerotiniaceae) (ZJ& L, FZALHHEHIEIZ BN TEHIE
%5 & Z IHRIFEMESRIRE CH 2 (Saito 1997),
SRR OERIE 20CTH Y, ZORTIIHFRELEZS
oD, MHtEEET 25 bIRIEEICHTEINLD, B

A (Discomycetes) *

LEDHTHD,

S. nivalis I3FEE T CHIA R ORIEERIC 72 &
WTBERE IR U CF O/ A B S, B2
T 5, EEHOFME LT, B o, RER
DB 3-4mm DB L& L, FYE LRI A
RIS, FEE, ETtVR(=Yr, b,

27
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PO < FHES - B L - AR - iR

IR (ERY, TEIY, ¥T7VUVarv=t bx),
FOAANaf (T A3 2) EORTIERY T 573,
i, 2R (Fa—) v )T VAR (P —er T
AV RA)EORTIEMM BIEFE L 72D,

Sclerotinia WDIEE~D—IREGUL, AUGHRAKL N
SALSKALED BIRBIALIMR AT 72 T (AR IRA
IR TUTOND, FRTABRANIIBW T, il L
B & AT D ESR OYER 7 )] & REARRLEE & o3RS 5
—HEDEERMC L DL PR LIk > T D L&
Z BTN D, FEAHINERED — AR R
WE DTSy T D20 F VG & iy D AR
Y FF—BO—FERY HF 7> aF—+¥ (PGase) 1F, I
WO, MHREHOBEL (2L — 2 ) IR B
5. LCVW5 (Bateman and Basham 1976), U > T OFREERF
TIL PGase 2MRRMEIZEES- LT3 Z &3 Mivairi %5
(1985)IZ L > T LT STV, FEflaIE~r T
BN — AR EOL MBSy L LTEY,
WREIHEZOIEA Fh—8, ' T —8, RO~
RN T—EBR EOBEREGWTHILICEST,
WiEERBIEEEZ 52T, BREIBATEEEZ LD,
e, I FT—EORRENTHLEEEH O F
W AME AR ORI R D B SUGR &
FETHZENMOBNTEY, 2O &0 bEWRR
EHRDO~7 FH—RICHT M RTEETHLE XD
ns,

_RUFUBIE D H T 7 a L EO-GA) N a-1, 4 FEEIC
FoTEALERI DT 7Y a WP 2Bk L LT,
T PCAFESED A1 /LR VL D—FS A F /L 25 U4,
SNIE T, ATFIT AT AEIROIR ) BIEIZ PGA,
RIF U, NI TF RO F= BB ND,
IFF—BIIRI FZ 7 vaf—8, XIFUBIT
—8, X FLYT—E, KORIF AT T —E%E
Nb s, X7 FF—BITMEFEmE Ch 57 FUEID
ERL, vkL—vavagl&REITEERbND, 22
TIE PGA 721320 FUBRD o -1, 4 FESENIKIIRT S
[ Cd D PGase DIEMEOMEEIZ DUV TR~ T,

Z ORI, THUE TITESH (Takahashi et al. 2002;
Nagai et al. 2000; Takasawa et al. 1997; Waksman et al.
1991; Kester and Visser 1990; Schejter and Marcus 1988),
HHiE (Roberts et al. 1988; Nasuno and Starr 1966), F%

£+ (Gognies 2001; Blanco et al. 1994), #E#) (Kapoor et
al. 2000; Pathak et al. 2000; Bonghi et al. 1992;
DellaPenna et al. 1986) 2 UM H (Stephanie et al. 2002)
SBOIRWHIPIZ T DA BT E T2,

Fxld, PGase ZAEANC LT, (RIREEDIKIREREE~DiH
ISR 2B Y 1 L VLV ORI 5 2 LA HRY L LT
By AWFZECIL, S nivalis ZTNVT 747 7 EEHIIC I
T5C 187 AKUN207C - 195 AEZhUEERL, O
BRI T ICE £ D PGase DIERMERIEN D, KR
(5°C) & iRk (20°C) THEA= S D PGase TEMEDOMEE 4 LL
WA L7,

HAERUEERSE

Potato—Dextrose—Agar (VLR PDA) IZDifco Laboratories
Mo, TAT 777Xy MINERRHNE,
Coomassie Brilliant Blue (LAT CBB) G-250 FEAWKENHIFF
B Lot No. M7R3031 (ZHHLFHAn TN D, U R FF
W (85% (w/w)), A% 7 —b Kk (99. 8% (w/w)), 7 kT
R U 72 AEF (90. 0% (w/w)), Hyflo Super—Cel, JKHEHiE
Fptk, BEeS RV UL Rk, 7=/ — T BT
M, BRlE RSO, MOKERMT R UL Rk, 7
AbH Y T ek, ~FYIT 8D @AY UL (T
=V T ALBY U L) KR, BiEREk (D 7 =T A
12 Ky Kk, Z0UAEEET FU DA AT
FOERISE T D5, D-GA 1 /KF#), PGA (From orange; Loss
on drying 7. 2%; Purity 89%), 3-[N-Morpholino]propane
sulfonic acid (ELF MOPS), 2-[N-Morpholino]ethanesulf-
onic acid(LLFMES), Bovine Serum Albumin (LT BSA)
Crystallized and lyophilized I Sigma 78, £5%4BEAL
b D&M LI,

BEAOEE

PDABFHICORTHE: PDAMIA 3. 9g & A ASHZRE /K (LA
TR 100mL HCIEMERE LIRS, A— o L—T
W (121°C (ca. 2. 2kg/cm?), 20 43fE) Uiz, 7 U —1 Xy
FNTL ¥ v — L2472 0 20mL D PDAKIRIE & 3 TE L, S,
nivalis DEEZRBIE LT~ S. nivalisl¥, Z @ PDA EHH
T 20°CTHY 2 AR LT,

TIT 7T 7 EHCOREE: TAT 77 7#170g 12
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flik s0mL ZANZIRA L, WIS, ik 500ml =47 T A
KL, A— I L—TREE T, 7 U — T
WTIRBE T V7 7 /L7 7 E5HINZ, PDA K1 & v — L 47
05 7TAUBM LT, TDH% 5°CITH\T 187 HIH,
20°CITIV T 195 HREERE L=,

FARERMHARDRR
BRI T LA R~ 7= 575 (Takeuchi 2002) (ZHE

STHRELLUZ, HtIE1 79 2247-0, 100M FiET Y

7 - (pHA. 5) $EERR (LT S. buffer) 200mL C{To7z,

PGase jEMEAIEX

PGase FEIE (T, WS LUSHATE 2. 1L (1% (w/v) PGA-0. IM
WE T~ b U o -l (pHA. 5) SRR EISHR 2. Onl, B%3R
WK S, buffer 0. 1mL) & (%70 7 KFE 100L) %
ANT 40°CIZRBW TR UG ZATY,  BERBUSRIT O
TR TORE A SAASE RS O E Bk (Tkuma et al. 20015
Tkeura et al. 2003)IC ko> TREL, ZOHEFHERED S
Ko7z, WEHEREE L rate—assay (0, 3, 6 LTI /M) IZ L
STHRE LT, BEEIEMD 1Unit 13RI CHEO LR E
Ipmol/min & EFe L7,

mPEREFE

TEMEAIE L 5 C RO 20 CHEF AR A VT, BERK
JERLEE 5-T0C DFFHTIT > 7o, FVEEIR 20l 2 L, 5C
FERIT O T ARSI ERAK 0. 100l 2 VT, 20C
FERIT O TIHARH IR 0. 04ml U8 S, buffer
0.06nL #MHVT, 2.1l R (F 7Y 7R 10ul) T,
PGase JEMEDRIE 1T > 72,

pH &5t

5C RN 20°CHEREIT OV T D PGase TEIEDRIEITA & D
MR Z VG, pH3. 0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0,
6.5, 7.0 KN 7.5 IZBWTITo7, pH3.0, 3.5 KTV 4.0
FYERRERIL 0. IM WEER T N U A-HCL R, pHA. 5,
5.0 X U'6. 51%0. 1M Fife ) R U O A-FEREREER A, pH6. 0
K6, 5130 IMMES-NaOH #Effif %2, pl7. 0 X7, 5130. 1M
MOPS—NaOH #EMiR 4 PV Mz, FESRIEMERITET 2. 1l CRYEES
% oml, 5CHEEE: FADHNRNERVEHR 0. 02mL K UNS. buffer
0.08mL, 20°CH;#E: HAhHKREREIR 0. 04nl K TF S.

buffer 0.06mL) % (> 7V o Z{FE 10uL) 1230V T 40°C
T{To7,

mMERTEE

5C RN 20°CEEFHIHIE O PGase IHMEDIREZZEMEIX
%2 ORI E 5-55°COIRFEICEN TN 30 IR,
PGase {144, pH4. 5-2. Iml 3R GEEIRIK oml. e OV 5°CEs#5:
PESEYAIR 0. 02ml 2N S. buffer 0.08uml, 20°Ch:sE: Bk
YRR 0.04mL BN S, buffer 0.06mL)) (%> 7V > 7 (A
10pL) (238N T 40°CCHIE L7z,

ERZAVA = ()2

SN BRI, OBB Gl Flv e & v E i
BEEIEIC K > TIRE L7, BB #3Ki3, 0.025%(w/v)CBB
G-250-12. 5% (v/v) A &/ —/L=70.83% (w/v) V » k% {HH
L7c, FEMERNHRIE BSA ZAEEME & LC, 0-9ng OEPAT
TERf U7, BEMER OB E 3772405 BSAlug 720 DU
JE (M) 1%, 0.0363% 2.43X10*(S.E.) T o7z,

S
5°CR U 20°CIF BB R R D PGase SEESE
5°C+187 AL UN20°C + 195 A 7 /v 7 7 /L7 7 Bzt
1R PGase IHPEIZZH 240 57. 9£0. 4U/mL G A% 740mL,
Total activity 42 800U), 20.4+0. 4U/mL Giiiti{A% 655mL,
Total activity 13 400U0) TH Y, 5CH;#E PGase 1HMEIL
20°CH5#8 PGase G LD & 2.8 fF@ o7,

mEEREY

SCKRN 20CT VT 7 L7 7 EERICB W CEA SN
PGase {EPEDOBEEUGIREICH T DL ETHRD 1201
5-T0°CDIREHPH T pH4. 5 + 2. InL 52 C PGase 1&M:ZHIE
L, WEEigliz, ZRo0fRER 1 1Rd, 5CK
O 20°CEEEDOfFUZIRNT S PGase RGO HIMIRIE
1350 CTh o7z, SCEFMANILNK PGase TEMEIT, Anfal7e
DIREEIZRWT S 20 CHEZMAIHIIEYE L U =V MEZ R
U 7o RRTARIREE 5°CIz3W TS, 5°CH54% PGase Vi (7. 48
+0. 11U0/mL) 13, 20°CH5#E PGase JE#E (1. 6020, 15 U/mL) X
V4T fEEd T, —J5, SCEEEMANIK D 5°CTOIENE
(7.48%0. 11U/mL) 1% 20°CHEZ AL D 20°C TOIEM:
(7.36%0. 03U/mL) & 0 A FEN > T=BHEFFETH o7,
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5CR O 20 CHZHMAHIE PGase 1GMEDIRFERIFIEE
50°C TOTEME T D HRHEMEIC K> Thule L 7= (1 2)
5CH5#& PGase 1&MEIT 20°CHE#& PGase i PEIZE T 40°CT
139 L5 f% 30CTIEKI 1. 745, 20°CTITM 1.9 4%, 10°C
TR 2. 0 f%, HHC 5CTIIH 3. 5 f5md o7z, IS, &
JiEkoD 60°CTIT, 5°CHEHE PGase TEMEIE 20°C 3% PGase T
PEITHATHY 2. T fiF @27z, 18> TRI2 [TV TREn
% X912 S nivalis 5°CHE% PGase 1ML, 20°CHEED
DITHEART, KRR CH BRI CHmEm <, TRV R
(%9 35-60°C) 1233V N TERAIEMEDR 80-90% LA DSy &M
AL TV,
O—T—T—T—T—T— T

Activity (U/mL)

80

Temperature (°C)
1. {EBSSRRE S nivalis 5°C - 181 ARV 20°C - 195 B
FILT 7LD 7 iRkt Plase SEIESEOREKREL
—@—, 5°C - 187 BB
=Qr, 20°C + 195 BiEEMRmMEA.

pH t&#EF

S, nivalis 5CK N 20°CHE#% PGase 1EMEDFESESUGRIK
pH 2% D IKTFME A~ D To DI B RIR D pl 22 b &
W CEMEE Lz, 20 OfER% plld. 5 COIEPEITSE
T 54 pll TOMXHEME L LT 31T, i pH 1% 5°C
T O 20°CHEEDTHUCIBNT S pHa. 0-4.5 Tdh o7, 5C
554% PGase {1 d pH3. 0 L ON6. 0 TIX 20°CHEER D H DITHL
AR MEZ R L7273, F9ERMERL (pHB. 5-6. 0) T &
UNEM AR L2, F77, pHT. 0 KON pHT. 5 Oz
TUHTNOEEO L O BIRIEA RS R o 12,

120 T T T T T T T

100

Relative activity (%)
[*))
(=)
T

80
Temperature (°C)

2. |EBHEmRE S nivalis 5°C - 181 HRU 20°C - 195 H
TILT 7LD PGSR PGase jEME BO°CTOFEMICHT S
HIRE TOHEXEN) OREKRFLE

—@—, 5°C - 187 Btk

---O--+, 20°C - 195 AiFEAEHIHA

IS
S
T

Relative activity (%)
[*))
=

[\
=)
T

3. EBMEMRE S nivalis 5°C- 181 HRU 20°C- 195 H
TILD 7LD 7 EEARI RO PGase ;&% (pHA. 5 TOFEMEICHT
%% pH TOHEXEN O pHFFE  ph3. 0, 3.5 RUM4. 0 BT
FRIX 0. M BB ko LNl §8i %, pHA.5, 5.0 RUL5.5
(0. 1M E¥lgs Yo L-ErEREEIRZ, pH6.0 XUF 6.5 (X 0.1M
MES-NaOH #218ri# %, pH7.0 B UF7.5 (X 0. 1M MOPS-NaOH #£fri# %
(A

—@—, 5°C - 187 BtEEa .

-:O--, 20°C + 195 EIEEARIHTR.
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REREE

S. nivalis ® 5CRK N 20°CE;#E PGase {EIEDIREEI R
DEEMERRD T, ENENOHBERIRR %R
JE(10°C-70°C) 12 30 A3filZaE L, 2. ImL % - 40°CClERTS
PEARIE UTe, 240D OFRERAFRAAGME & L TR4ITR™ T,

20°CHz#% PGase 13 5-40°C TIFLE TH - 7203, 50°CTIE
FRATIEMEDS 40% CRIBITEED B L, 60°CRUNT0C Tl
TAVEI SN, LRV IIE LT, —J5, 5CH;#E PGase I
5-30°CTIXLETH o724, 40C TITFRIFGIEDS 80% & I8
IMEFERL, 50°C, 60°C, KONT0CTIEEIENDET
IEMEIE ™% 1% KRON%E72D, 2SI,

120 T T T T T T r

100

B D 0
=] =] (=)
T T T

Remaining activity (%6)

[\
(=)
L)

Temperature(°C)

4, |EEECERRHE S nivalis 5°C 1871 ARV 20°C - 195 B
FILI 7LD 7 IEERRLROD Pease SEMEDBERENE.  5°CE
#£0) PGase JEHEDTIES 100h& LI-BFEEETRLE.
—@—, 5°C- 187 AIEE Bt
---Q-++, 20°C - 195 RiEEE IR

R

TGRSR S, nivalisiy, S FO/REICRENTS
FE SR ZIHRER CH D, ZOMPEETDHRY A
Frvat—El, WEHOBIGRSEE LTS EE
2B b,

FPHIE, KRR GO KOFIR (20C) TOT LT 7 v
7 7 BERIZEIT D PGase PEAERDLEEMN D, 5CHEN
20°CHERITHAT 2. 8 fi (5°CHEEIZISV T 57, 940, 4U/ml;
20°CHEFRIZERV VT 20. 420, 4U/ml) &< PGase & pEAT 2

T EER L, ZOZ EDDIRIRREE FIZR W ORISR
BADT= DT 5 DD PGase PEAMEIMEEN§5 Z L35
MR oTe, S nivalis i3F U <AKREICET DIKRME®
MWEFRE Sclerotinia trifoliorum & Eeig 1L C X VKR
TS L CWD EEZ DD, S trifoliorum DFEITIL
SCEEEAMHIK PGase TEPE(30. 8+0. 4 U/ml) 1% 20°CH5%
D (36.510.9 U/mL) DF 80%T, 232 D IKA =72,

5CK U 20 CHAARIZHS\WVCREA S D PGase T IHEDTREE
RAEEDHBNC X~ T, S nivalis 13 5'CTREET S Z &
12 &> CPGase BRIER A TEAT D Z LI DN 28072,
20°C KO 5°CEEARAAM IR DB U351 T D Bl 1 X
2 50CTH 72D, ENENDIREERTFHEOMIIE
< Hip oW, (RIRIR (5-40°C) (1B LTI, 4512 5°Cic
BT, 5°CH7E PGase IHMEIY, X 2 IZBWTH LR
£ 91T, 20 CERITIATHY 3.5 fFmin ol 7edsn o,
B TH D 60°CIZBNTHKI 2. 7T fFmnoTc, TNHOHE
FE, SCHFRITRWTIEA STz Pase MR ITMIEN

HEHHE LTS LR TE 5,

PHIKTFEEIE 20°C R OV ChE s & B 1Tl pH 23 pH4. 0-4. 5
T o7, 5'CHFE PGase TEIHEIZERMEK (pHE. 5-6. 0) T 20°C
K3 PGase IHPEICIERCTEWEEE R L2, ZOFFEIX
5CIZRWTHEA & PGase THMEE, 20CHEEED L DI
BARTHpSTNDZ EERL TN,

IREEZEMEIZBI LT, BB X > TS nivalis®
5°CH5#% PGase TEPEITENIX L CREETHDH Z &R L
7o TMHORERIE, IEEAAMEIERNTISIT 5 60°CTOM
SHEMEO @ S AR Z A5 2 & LIT—RAET 5
bDEBEZOND, LLAEBL, —RAETS & b
Zﬁﬁ)iﬁ“éf*% FEBTEOE (R R A MRy
945 ZEEPEERRAERIR] 30 /0 IR 5 b o &b
Nnd,

IIRMESBYRE S nivalis 13, SCTHE#ETDHZ LIk
ST, MRS CRIEE AT L7 A4 VA L2EELL,
FNHIFBRLENETH Y, PGase AMHE THHZ L%
RLTWD, Fixld, 5CHEEMME )5 PGase F&4
R AR - B2 95 Z L2 L»C, S nivalis DIKIE
T 2 ICEECH L NS T A Z N TE D b L
EZTND,
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Summary

In order to clarify cold adaptation phenomenon of

the psychrotrophic snow mold, Sclerotinia nivalis, We
examined the properties of polygalacturonase
(PGase) activity produced at 5°C- and 20°C-culture. S,
nivalis was cultured in the alfalfa medium at 5C for
187 days and at 20°C for 195 days. The PGase
activities in the crude extracts of the 5C- and 20°C
-culture were 57.9 + 0.4 U/mL (Extracted volume,740
mL; Total activity, 42 800 U), 20.4 +0.4 U/mL (Extracted
volume, 655 mL; Total activity, 13 400 U), respectively.
Activity of 5°C-culture was 2.8 times higher than that of
20°C-culture. As to the temperature dependence, the
optimum temperature for the enzyme reaction at pH
4.5 was 50C for both 5°C- and 20°C-culture. 5C-culture
crude extract PGase activities were considerably higher
than those of 20°C-culture in the measured range
between 5°C and 70°C. In the comparison of the
relative activity at each temperature to the activity at
50°C, in low temperature range(5-40°C), the 5°C-culture
crude extract PGase activities were about 1.5 times
(40°C)- 3.5 times (5°C) higher than those of the 20°C-
culture crude extract. On the pH dependence, optimum
pH for 5°C- and 20°C-culture were 4.0-4.5, however the
tendency of the curves was different at pH5.0-6.0. On
enzyme stability, activity of the 5°C-culture crude
extract was stable from 5°C to 30°C, though that of the
20°C-culture crude extract was stable until 40°C. From
these results, it was shown that S. nivalis which was
cultivated at a low temperature 5°C, produced much
amount of thermolabile, cold active PGase to adapt to

the low temperature conditions.
Key words: Sclerotinia nivalis ; psychrotroph;

polygalacturonase; cold adaptaition; cell-

wall degrading enzyme.
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Traffic accidents involving the red squirrel and measures to prevent

such accidents in Obihiro City, Hokkaido, Japan

Hisashi YANAGAWA

(Received April 30, 2005)

AHFER AR T 5= U ZADA@FH L ORI R

el

UN

ABSTRACT

In Obihiro City, the number of red squirrel, Sciurus vulgaris orientis, death due to traffic
accidents was large. Therefore, a number of measures have been taken to prevent these numerous

traffic accidents.

The “Red Squirrel Traffic Accident Map” was prepared based on data collected

by citizen group and our laboratory of Obihiro University of Agriculture and Veterinary Medicine.
Based on this map, warning sign posts indicating “Squirrel Crossing” were installed in 18 locations
within the city. In addition, a footbridge for squirrels (Eco-bridge) was constructed.

Key words:

Introduction

Tree squirrels, as their suggests,

fundamentally arboreal. However, as they often walk

name are
on the ground to feed, store and move, they are
frequently involved in traffic accidents. For example,
in Minesota in the USA (Sargeant & Forbes, 1973), as
indicated in Table 1, the top three species which died
in traffic accidents all belonged to the squirrel family.
Among them, the thirteen-lined ground squirrel,
Spermophilus tridecemlineatus is a ground squirrel
but the remaining two species belonged to the tree
squirrel family. In eastern Finland (Korhonen and
Nurminen, 1987), the red squirrel, Sciurus vulgaris,
which is a subspecies of the same species as the red
squirrel in Hokkaido (Sciurus vulgaris orientis), were
the most likely animals to be involved in traffic
accidents after the hedgehog, Erinaceus europaeus
and the arctic hare, Lepus timidus.

In eastern Hokkaido, the number of dead red
the the
big-clawed shrew, Sorex unguiculatus (Yanagawa and

squirrels retrieved was largest after

LIVIN- Y UNES STt LYK S

Red squirrel, Sciurus vulgaris orientis, Road kill , Obihiro City, northern Japan

Akisawa, 2004)(Table 1).

Measures taken by Obihiro to prevent
traffic accidents involving the red squirrel

In Obihiro City, a number of measures have been
taken to prevent these numerous traffic accidents
involving red squirrels, both by administration and by
citizen group (Yanagawa, 1998a). The first attempt to
prevent the traffic accidents was a lecture wild
animals from occurring” (presented by Iwao Ogawa of
Eco-network in Sapporo) held by the city for Obihiro
citizens. In the talk session of the lecture, the mayor
and a citizen titled “To prevent traffic accidents
involving group “Ezo-risu no kai” discussed the traffic
accidents involving red squirrels. This talk led to the
start of full-scale accident prevention measures in
October 1996.

The Wildlife Ecology Laboratory, Obihiro University
of Agriculture and Veterinary Medicine provided the
city with data on traffic accidents involving red
squirrels. The “Red Squirrel Traffic Accident Map”
was prepared based on these data and data collected

Laboratory of Wildlife Ecology, Obihiro University of Agriculture and Veterinary Medicine, Inada, Obihiro,

080-8555, Japan
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Table.1. Mammals which die most frequently from ftraffic accidents

(top five species)
Minnesota, USA (Jan. 1964-Dec. 1965)
Gray squirrel 21
Fox squirrel 16
Thirteen—1lined ground squirrel 15
Cotton-tail rabbit
Striped skunk
Total for all mammals (19 species) 108

(Sargeant and Forbes, 1973)

Eastern Finland (Apr.-Oct. 1982-1984)

installed in 18 locations within the city (Fig. 1). The
areas where squirrel traffic deaths often occurred
were announced in the city bulletin to inform citizens
of where to be cautions. In addition, a footbridge for
squirrels (Eco-bridge, Fig. 2) was constructed. The
results of these measures are still questionable,
because there was no significant difference in the
number of traffic accidents between 1996 (40) and
1997 (41). However, squirrels were seen using the
Eco-bridge several times (Fig. 3), and they were no
longer observed walking across the road where the
Eco-bridge was constructed (Yanagawa, 1998b). This

Hedgehog 72 observation is promising. If Eco-bridges are effectively
Arctic hare 26  used, the number of accidents may be reduced.
Red squirrel 25

Cat 24

Ermine 13

Total for all mammals (14 species) 199

(Korhonen and Nurminen, 1987)

Hokkaido, Japan (Apr.1996-Mar. 1998)

Big-clawed shrew 152

Red squirrel 94

Red fox 85

Norway rat 22

Asiatic chipmunk 19

Total for all mammals (23 species) 455

by the “Ezo-risu no kai” . Based on this map, warning

sign posts indicating “Squirrel Crossing” were
............. — - — 3
~~~~ ST f
A 3 A
-\ "lf""\ 3 P
Green area Sidewalk Roadway Sidewalk Green area :I-
4.20 | 3.50 | 11.00 (M) I 3.50| 4.60
T | T
| |
|

Fig. 2. The footbridge for the red squirrel (provided by the Department of Afforestation and Environment, the City of Obihiro).
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Fig. 3. A red squirrel using the footbridge (provided by the
Department of Afforestation and Environment, the City of Obihiro).

Conclusion

In recent years, municipalities in Hokkaido have
begun feeding squirrels in green areas and parks or
planting food plants such as the Korean nut pine,
Pinus koraiensis and Japanese walnut, Juglans
ailanthifolia in order to establish the red squirrel in
urban areas. However, such attempts to establish and
increase the squirrels in green areas surrounded by
roads with heavy traffic will lead to an increase in
traffic accidents involving the squirrels. In general,
urban green areas are small, thus, the number of
squirrels allowed to establish there should be limited.
Under these circumstances, the number of squirrels
traveling between fragmentated forests during the
copulation period and the migration and dispersal
period will increase. This, in turn, will lead to an
increase in the number of traffic accidents involving
squirrels.

Understanding these circumstances, attempts to
reduce the number of traffic accidents involving
squirrels have begun to occur in other cities. In
Sapporo, the construction of roads incorporating the
Eco-bridge, called the Urban Eco-road (a street line
with poplar trees) is under way. However, to put
forward these projects effectively, we need to know in
detail about the current status and causes of the
traffic accidents involving the squirrels. For this
reason, our laboratory is surveying the daily and
seasonal changes in the number of road-crossings by
red squirrels and the relationship between traffic
volumes and the number of traffic accidents,
these
dependent on seasonal changes in the number of
traffic accidents (i.e., the number of deaths).

considering that factors are somewhat
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Change in nitrogen fractions and ruminal
nitrogen degradability of orchardgrass
and alfalfa during the ensiling process
and the subsequent effects on nitrogen
utilization by sheep
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Increased ovarian follicular angiogenesis
and dynamic changes of follicular vascular
plexuses induced by equine chorionic
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The 2004 Academic Year
Index of Master’s Theses for
the Graduate School of Obihiro
University of Agriculture and
Veterinary Medicine

Master’s Course of Animal Production
and Agricultural Economics

. Defecation control of cattle in resting area by

using a feeding station
(Tomoko SAITOH, Animal Husbandry and Sustainable
Economic Systems)

. Studies on Vitrification and /n Vitro Maturation

for Antarctic

(Balaenoptera bonaerensis)and Common Minke Whale
(Balaenoptera acutorostrata) Immature Oocytes
(Hiroshi IWAYAMA, Animal Genetics and
Reproduction)

. Image analysis and estimation of genetic

parameters for each muscle, subcutaneous and
intermuscular fat of carcass cross section in
Japanese Black cattle

(Takefumi OSAWA, Animal Genetics and
Reproduction)

. Research on Factor that Influences Profitability

in Dairy Cattle Herd in Hokkaido
(Shoko OHASHI, Animal Genetics and Reproduction)

. A Study of Luteolytic Cascade within the Corpus

Luteum inthe Cow: A local blood flow and mRNA
expression duringspontaneous luteolysis
(Koumei SHIRASUNA, Animal Genetics and
Reproduction)

. Analysis of Persistency of Lactation Yield by

Test Day Model using Randon Regression in
Japanese Holsteins

(Yutaka MASUDA, Animal Genetics and
Reproduction)

. Studies on Intracytoplasmic Sperm Injection

Using In Vitro Matured Porcine Oocytes
(Hiroyuki WATANABE, Animal Genetics and
Reproduction)

. Change in nitrogen fractions and ruminal

nitrogen degradability of forages during storage
process and its effects on nitrogen utilization
by sheep

(Atsushi ISHIT, Animal Metabolism and
Physiology)
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. Effects of Sake yeast and bakers yeast on in

vitro rumen methane production
(Reina MORIKAWA, Animal Metabolism and
Physiology)

Analysis of Factors Affecting Plasma Ghrelin
Concentration in Holstein Newborn, Nursing snd
Weaning Calves

(Hnin Thidar Myint, Animal Metabolism and
Physiology)

. Study on the influence on countermeasures

against river—-water pollution upon farming
(Naoya SAWASHI, Farm Management)

Analysis on environmental burden reduction
plan and it influence on dairy farming
(Syunshuke MIYAKE, Farm Management)

. The economic influence of BSE incidence on beef

and related industry
(Risa TAKAHASHI,
Resource Economics)

Agricultural Policy and

Producer Behavior for Mastitis Control
(Kai TAMURA, Agricultural Policy and
Resource Economics)

. Econometric Analysis of Japanese Broiler Market

with Special Regard to the Impact of Animal
Disease and Food Safety Issues

(Yasuhiro YAMASHITA, Agricultural Policy and
Resource Economics)

Master's Course of Agro-Environmental Science

. Field and Greenhouse Trials of Entomopathogenic

Verticillium lecanii (Lecanicillium spp.)
Isolates to Control Aphids on Strawberry and
Those Virulence to Non—target Insect

(Kyoko AKIYAMA, Crop Science)

. Marker—assisted Selection of Resistance for

Pre—harvest Sprouting in Wheat —Development
of PCR-based markers for the grain dormancy
QTL, QPhs. ocs—3A. 1—

(Norihiko UCHINO, Crop Science)

. The Genomic Diversity of Barley P23k Gene in

Cereals

(Hiro KOUZAKI, Crop Science)

. Comparison of Physical Properties and Sensory

Evaluation of Chinese Yellow Alkaline Noodles
Prepared from Wheat Lines with Different Wx
Protein Deficiency
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(Yuko TANAKA, Crop Science)

. Analysis of adaptability of barley cultivars

adapted to Tokachi area for local beer
(Oyungerel, Bat—Ochir, Crop Science)

. The potential of avalanche soil as a scattering

material for revegetation in a region with low
temperature and heavy snowfall
(Natsuko SAKAMOTO, Grassland Science)

. The influence of seed dispersal by birds upon

the maintenance and reproduction of forest
(Yukie ASOU, Grassland Science)

. Analysis of gliding ability in Siberian flying

squirrel, Pteromys volans orii
(Yushin ASARI, Preservation and Management of
Ecosystems)

. The effect of mycorrhizal fungi on ecological

strategy for Pyrola incarnata Fischer
(Ayako KUNISHI, Preservation and Management
of Ecosystems)

Studies on iadentification and purification of
antifungal substance from adult haemolymph of
several kinds of carabid beetles(Carabidae;
Cleoptera)

(Natsuko SUDO, Preservation and Management

of Ecosystems)

. Characteristics of roost cavities used by

cavity—nesting birds
(Naoko MURAKI, Preservation and Management
of Ecosystems)

. Relactionships Between Ectomycorrhizal Fungi and

Coniferous Seedlings Regenerate on Fallen Logs
in Subalpine Coniferous Forests in Hokkaido
(Ippei YONEDA, Preservation and Management

of Ecosystems)

. Effect of Cutting Date in Autumn on TNC Level in

Underground Organs and Regrowth in Next Spring
in Galega(Galega orientalis Lam.)

(Nguyen Trong Dung, Preservation and Management
of Ecosystems)

. Adsorption and desorption of cadmium on upland

Andisols in Tokachi district
(Kayo OTANI, Land Resourse Science and
Engineering)

Recycling of dry chemical extinguishing agents
as a fertilizer and its effective utilization
(Naohisa SAKAMOTO, Land Resourse Science and
Engineering)
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The Influences of the Difference of Livestock
Manure Management on the River Water Quality
in Upland Watersheds with Dairy Farming
(Michihiko MATSUNAGA, Land Resourse Science
and Engineering)

Study on Anaerobic Digestion of Dairy Manure
Slurry and Sugar Beet

(Seri YAMASAKI, Engineering in Agricutural and
Biological System)

Studies on the Heat—collecting Properties of a

Solar Wall Panel and Drying Mehtod of Vegetable
Residues by Using the Solar Energy

(ZHANG Chunfeng, Engineering in Agricutural and
Biological System)

Master' s Course of Bioresource Chemistry

. Expression analysis of glycolipid in mouse cells

(Haruka SHINBO, Applied Life Science)

. Study on Structures of Highly Oxygenated

Diterpenoids from Cultured Cells of Liverwort
Ptychanthus striatus, and Biotransformation of
Bisphenol A by Cultured Cells of Heteroscyphus
planus

(Teppei KAWAHARA, Applied Molecular Biology)

. Studies on polygalacturonase isozymes and the

culture conditions of the psychrophilic snow
mold Sclerotinia borealis
(Yoshitada NAMIKAWA, Applied Molecular Biology)

. Comparative Study of Between the Milk

Compositions of Minke Whale (Balaenoptera
acutorostrata) and Bottlenose Dophin (Tursiops
truncatus) —Particularly for Milk
Oligosaccharides—

(Yusuke UEMURA, Food Science and Technology)

. Quality of the fermented sausages inoculated

with mould starter cultures
(Ser jmyadag, Dorj, Food Science and Technology)
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