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Tensile and shearing properties of leaves in festulolium and perennial

ryegrass
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ABSTRACT

The study was carried out to determine tensile and shearing properties of leaves in cultivars (Bal1356 and
Bal1358) of festulolium (Festulolium loliaceum), compared with those of diploid (Bal1353 and Aurora) and
tetraploid (Ba10855 and Prospero) cultivars of perennial ryegrass (Lolium perenne). Four successive samples
of grass leaves were taken from pure stands of third-year swards during July to September, 2004 in Obihiro,
Japan. Tensile strength was measured using a 100 N load cell of the breaking test machine. Shear strength
was measured about 5 mm apart from a broken point in the tensile test using a pair of the scissors.

Cross-sectional area, DM weight and width of leaves were significantly higher in tetraploid perennial and
festulolium than in diploid perennial. Shearing strength reached a peak at the central deflection, coinciding
with shearing point of main vein. In shearing fracture pattern, a multi-ridged outline of leaf cross section at
the adaxial side corresponded to each small peak. Tensile strength, shearing strength and work of fracture
were significantly higher in tetraploid perennial and festulolium than in diploid perennial, but tensile stress
and stiffness were significantly lower in tetraploid perennial and festulolium than in diploid perennial.
Narrower or thinner leaves with lower cross-sectional area tend to have higher longitudinal stiffness. Thus,

the morphology and biomechanical behaviour of festulolium leaves were quite similar to those of tetraploid

perennial ryegrass.
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INTRODUCTION

Festulolium (Festulolium loliaceum) is a hybrid between
meadow fescue (Festuca pratensis) and Italian ryegrass
(Lolium multiflorum) or perennial ryegrass(L. perenne). It
had been bred for a genetic improvement in freezing
tolerance, forage yield or persistence(Casler et al. 2001:
Casler et al. 2002), or drought resistance (Lesniewska et al.
2001) in regions with severely cold winter. Festulolium

plants are also expected to improve feeding values such as

palatability, voluntary intake and digestibility (Ghesquiere et
al. 1996).

The diploid perennial ryegrass such as Aurora had been
selected for higher concentrations of water-soluble
carbohydrates, and for more small tillers than the tetraploid
Palatability was higher in Aurora than in other cultivars
under rotational sheep grazing (Jones and Roberts 1991). In

addition, total annual sheep production from Aurora swards
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was higher than that from other cultivars (Munro et
al.1992).Thus, there are many studies on feeding values and
chemical compositions of various elements in festulolium
and perennial ryegrass. However, few studies were reported
with respect to biomechanical properties. In the agronomical
field, biomechanical properties affect selective grazing by
animals, digestibility of grasses, resistance of grasses to
trampling or mowing, and process of hay-making (Vincent
1982: 1983). This information may be of use to the plant
breeder who can select for the important characteristics
(Wright and Vincent 1996).

The objective of this research was to determine tensile and
shearing properties of leaves in festulolium, compared with

those of diploid and tetraploid cultivars of perennial ryegrass.

MATERIALS AND METHODS

Grass swards

The swards of the following cultivars of perennial ryegrass
and festulolium from Wales, UK were established as a pure
stand in June 2002 and had been managed by regular
fertilization and harvest for two years: two diploid cultivars
(Bal1353 and Aurora) and two tetraploid cultivars (Bal0855
and Prospero) of perennial ryegrass, and two cultivars
(Bal1356 and Bal1358) of festulolium. In 2004, the swards
at the flowering stage were harvested at 5 cm height on 16
June and applied by a compound fertilizer equivalent to
65-49-65 kg hal of N-P,Os-K,0O. Then, four successive
samples of grass leaves were taken on 7 July, 29 July, 27
August and 22 September. The swards were harvested at 5
cm height immediately after taking samples. An additive
compound fertilizer equivalent to 65-49-65 kg ha™' of
N-P,05-K,0 was applied after the third sampling time.
Measurements of length, width and weight of leaves
The experiments were conducted in Obihiro, Japan. During
the trials, leaves of a similar size were chosen and clipped at
a ligule side with scissors. Leaves were sprayed with water
and stored in a polyethylene bag in a refrigerator.

Total length of a leaf was measured. The leaves were cut
into 10 cm length from a ligule side with scissors and had a
midpoint marked. The weight was determined using a digital
balance (= 0.0001 g) after absorbing water on leaf surface
with paper towel. The width at midpoint was measured with
scaled magnifier (£ 0.01 mm) under light pressure. Then,
leaves were immersed in distilled water for at least 10 min

before measurement, so that full turgor within leaves could

_2_

be achieved (Chan et al. 1999). Twenty leaves were tested in

each cultivar.

Tensile tests

Tensile strength was measured using a 100 N loadcell of the
breaking test machine (Aikoh Engineering Co.; M1334).
Both ends of a leaf were seized with the original jaw clamps
(Hongo et al. 2006). One clamp was connected with a
loadcell and another clamp was moved downward at 10 mm
min" for a low rate of deformation (Vincent 1992). The
initial length of a sample between two clamps in the test
machine was 27 mm. Tensile strength from a loadcell and
elongation length from displacement transducer (NEC Sanei;
9E08-D3) were digitally recorded in a memory card (smart
media) of the memory hicorder (Hioki; 8807) at a speed of 5
sec'®. A graph of applied force versus deflection was
produced from the saved data. After the measurement, leaves
were again immersed in distilled water.

The stiffness of leaves was estimated by the following
equation:
E = stress/strain,

where stress is the force per unit area and strain is the
relative extension to produce that stress. The stiffness was
estimated at the first linear portion of the stress-strain curve

(Vincent, 1983).

Shearing test

Shear strength was measured about 5 mm apart from a
broken point in the tensile test using a pair of the scissors
(Plus Co.; No.135) with sharp stainless blades. The principle
structure was the same as the previous reports (Pereira et al.
1997: Lucas and Pereira 1990: Vincent 1992). Before a
measurement, the surface of blades was rubbed with a swab
including a lubricant oil to reduce friction (Vincent 1992).
The travel rate of intersection points of the two blades was
20 mmmin™. In each test, two passes were made: cutting of
the specimen and an empty pass (Lucas and Pereira 1991).
The work of fracture done was calculated deducting the work
in the empty pass from the work done in the piece (Wright
and Vincent 1996).

Cross-sectional area
For a measurement of cross-sectional area, leaves were
transversely sliced 3 mm in length using a razor blade. The

section was vertically kept in touch with the side wall of a
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plastic block. A cross section of leaf was photographed under
a stereo-microscope (Nikon; SMZ-U) and the pictures were
digitally saved in a memory card (smart media). Each picture
screen at a

was projected onto a monitor length

magnification of 50-80 times. The contour line of
cross-section was delineated with a cursor on a monitor
screen using the commercial software of the computer

graphics (Arcsoft Japan; Photo studio). The area inside this

A. Cross—sectional area

contour line was measured using the commercial software

(Nagoya Daigaku; Lia32).

Statistical analysis
Variables of biomechanical properties were analyzed using a
paired t-test and an analysis of variance (Snedecor and

Cochran 1967). The regression analysis was also carried out.
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Fig. 1 Cross—sectional area, DM weight, leaf length and leaf width at four sampling
times in diploid (@) and tetraploid ([J) cultivars of perennial ryegrass and
festulolium (A). Attached lines with symbols show s.e. of mean and vertical
lines show s.e.d. of the mean differences.

RESULTS

There were no significant differences between two cultivars
in each of three species with respect to morphological and
biomechanical properties. Therefore, two cultivars in each of

three species were included into replication.

Cross-sectional area, DM weight and length of whole
leaves

Cross-sectional area was significantly higher (p<0.001) in
tetraploid perennial ryegrass and festulolium than in diploid
perennial ryegrass at all four sampling times (Fig. 1). Mean
values of four samples were 0.70+0.016 mii, 0.98+0.019 mi
and 0.97+0.021 mii in diploid and tetraploid cultivars of
perennial ryegrass and festulolium, respectively.

DM weight was significantly higher (p<0.020) in

tetraploid perennial ryegrass and festulolium than in diploid
perennial ryegrass from the Ist to 3rd samples, but not
significantly different (p<0.179) at the 4th sample.

Leaf length was not significantly different (p<0.438)
between three cultivars, although there were seasonal
variations. Leaf width showed constant values at all four
sampling times. Tetraploid perennial ryegrass and
festulolium had significantly higher (p<0.001) leaf width
than diploid perennial ryegrass. Mean values of four samples
were 3.2+0.04 mm, 3.9+0.04 mm and 3.9+0.06 mm in diploid
and tetraploid cultivars of perennial ryegrass and festulolium,

respectively.
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Fig. 2 Shearing and tensile fracture patterns and cross sections of diploid (Aurora)
and tetraploid (Prospero) cultivars of perennial ryegrass and festulolium.
Each measurement was obtained from the same leaf.

Fracture patterns

The force-deflection patterns of shearing and tensile
fractures are shown in Fig. 2. Shearing strength reached a
peak at the central deflection, coinciding with a shearing
point of main vein. Mean values of four samples of tensile
strain were 0.068+0.0013, 0.062+0.0011 and 0.069+0.0010
in diploid and tetraploid cultivars of perennial ryegrass and

festulolium, respectively.

Tensile stiffness and shearing toughness

Maximum tensile strength was significantly higher
(p<0.001) in tetraploid perennial ryegrass and festulolium
than in diploid perennial ryegrass, but tensile stress and
stiffness were significantly lower (p<0.001) in tetraploid
perennial ryegrass and festulolium than in diploid perennial
ryegrass (Fig. 3).

Shearing strength and work of fracture were significantly
higher (p<0.001) in tetraploid perennial ryegrass and
festulolium than in diploid perennial ryegrass. Shearing
toughness showed significant differences between three
cultivars (p<0.001) and between four sampling times

(p<0.002), but there were seasonally wide variations.

Density-specific stiffness and density-specific strength
There was the significant relationship (p<0.007) between
density-specific stiffness and density-specific strength in a
tensile property (Fig. 4). The grand mean was 1.40+0.023
MNmkg" in density-specific stiffness and 0.080+0.0013
MNmkg™" in density-specific strength.
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Fig. 3 Tensile and shearing properties at four sampling times in diploid (@) and
tetraploid ([1) cultivars of perennial ryegrass and festulolium (A). Attached
lines with symbols show s.e. of mean and vertical lines show s.e.d. of the
mean differences.
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Fig. 4 Relationship between density-specific stiffness and
density-specific strength at four sampling times in
diploid (@) and tetraploid (1) cultivars of perennial
ryegrass and festulolium (A).

Y = 0.032 X + 0.035 (r = 0.666, p < 0.007).
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DISCUSSION

Grass leaves are probably the simplest of all plants from the
mechanical point of view (Vincent 1982). The leaf itself must
mechanically sustain its own weight against the influence of
gravity. It must also be sufficiently stiff and strong to resist
bending and avoid breaking when subjected to large
externally applied mechanical forces (Niklas 1993). In this
study, leaves of all cultivars were vertically kept straight. The
grand mean was 282+2.2 mm in total leaf length and
3.7+£0.03 mm in leaf width. Thus, long and narrow leaves
may keep straight vertically by increased bending strength,
which is maintained by interior angles of leaves in a cross
section. This maintenance method seems to be very effective
for grass species to minimize metabolic investments in
leaf-supporting structures (Chazdon 1986). The shape of
cross section suggests that inherent angles as shown in
transverse sections (Fig. 2), which may be maintained under
high turgor (Moulia 2000), especially in the motor cells.

The major chemical constituent of plants is cellulose, a
high molecular weight polysaccharide which is directly
responsible for stiffness and strength (Atkins and Mai 1985).
Usually, a behaviour under a tensile load depends only on
material properties whereas a shearing load depends on
structural properties as well (Vincent 1990). Brittle materials
show more frequent and higher peaks with the downwards
side of the curve (Vincent 1992). Shearing fracture pattern
(Fig. 2) suggests that a multi-ridged outline of leaf cross
section at the adaxial side may correspond to each small
peak.

Two cultivars of festulolium used in this study were bred
by back cross between tetraploid perennial ryegrass and F1
hybrid (meadow fescue x tetraploid perennial ryegrass).
Therefore, the morphology and biomechanical behaviour of
festulolium leaves were quite similar to those of tetraploid
perennial ryegrass.

Longitudinal stiffness was significantly lower in tetraploid
perennial ryegrass and festulolium than in diploid perennial
ryegrass (192457 and 1804+4.5 versus 224+6.4 MPa).
Reversely, cross-sectional area was significantly higher in
tetraploid perennial ryegrass and festulolium than in diploid
perennial ryegrass (0.98+0.019 and 0.97+0.021 versus
0.70+0.016 mif). Thus, narrower or thinner leaves with lower
cross-sectional area tend to have higher longitudinal stiffness
in other grass species too. The longitudinal stiffness of grass

leaf is directly and linearly proportional to the total
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cross-sectional area of sclerenchyma in the leaf (Vincent

1990). Further studies are needed on this subject.
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ABSTRACT

The study was conducted in Obihiro, Japan to examine the position and rate of intestinal fermentation in
three adult ostriches (Struthio camelus) with mean liveweight of 103+4.7 kg. The ostriches were fed fresh
leaves of orchardgrass (Dactylis glomerata). At twenty five hours before the slaughter, they ingested 100 g
fresh leaves mixed with 20 g oblong strips (2mm wide and 30 mm long) of a filter paper, in which
chromium oxide was absorbed at a rate of 40 %. After the slaughter, small intestine, cecum and large intestine
were cut into 3, 2 and 7 pieces, respectively, with the same length in each organ.

Crude ash content in digesta samples was the highest in muscular stomach (90.1+1.17 %), compared with
27-51 % in other organs of glandular stomach, small intestine and cecum. The percentages of both dry matter
and organic matter were significantly higher in colon. The peak of chromium content was observed at the
final position of large intestine, suggesting passage rate of grass leaves through all digestive organs being
about 24 hours. A small peak of total content of volatile fatty acids was observed at middle part of small
intestine, suggesting the commencement of volatile fatty acid forming in small intestine. The peaks of both
total content of volatile fatty acids and acetic acid content were observed in colon, being 24.5+7.25 % and
15.5£5.75 %, respectively. Acetic acid content rapidly decreased at the following sites of large intestine,

suggesting active absorption of acetic acid in colon.

Key words: Adult ostrich, Chromium, Colon, Fermentation, Volatile fatty acid,

INTRODUCT | ON (Cilliers et al. 1997: Glatz et al. 2003).

The ostrich is

The ostrich is an important animal in many livestock
industries, especially in developing countries, because of
meat and skin productions (Cooper et al. 2004). The ostrich
has a large potential to utilize the more fibrous energy

sources such as various kinds of low-quality straws or silage

polygastric herbivores and relies on its hindgut as the
primary site of fermentation and water absorption, especially
bacteria inhabit (Salih et al. 1998: Swart et al. 1993). There
are many studies on a close coupling between production and
absorption of volatile fatty acid (VFA) in the hindgut
(Musara et al. 2002: 2003). It is estimated that VFA

W NGB PE RS A FERERFHIZ (080-8555 AbLifEE 45 s TG HINT)

Course of Agro-Environmental Science, Obihiro University of Agriculture and Veterinary Medicine, Inada, Obihiro, Hokkaido,

080-8555 Japan.
E-mail: ahongo@obihiro.ac.jp
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production in the hindgut provides more than 57 % of
maintenance requirements (Fievez et al. 2001).

Factors influencing the successful growth of ostriches
include the provision of proper housing, adequate ventilation,
exemplary hygiene and correct dietary requirements (Cooper
2000). Feed comprises over 60% of the cost of growing
ostriches to slaughter weight (Glatz et al. 2003). To produce
quality products, it is essential to collect information on feed
utilization efficiency and nutrient requirements of ostriches
at different maturity stages (Miao et al. 2003).

This study was conducted to examine the position and rate
of intestinal fermentation in adult ostrich in order to improve

the utilization of plant resources.

Muscular stomach

Colon

Fig 2 Digested process of ingested grass leaves along digestive organs of ostrich..
1: Grass leaves, 2 In glandular st h, 3-4:In I h and
5: In small intestine.

MATERIALS AND METHODS

The experiment was conducted in Obihiro, Japan.

Ostriches
Every ostrich (Struthio camelus) was born on 9 July 2003.
They were fed chopped dry diet mostly composed of grass

leaves.

Intake of chromium oxide

For previous three days, ostriches had been fed fresh leaves
(6 kg/day) of orchardgrass (Dactylis glomerata) chopped 5
cm length. At nine of the clock on the day before the
slaughter, they were fed 100 g fresh leaves and 20 g oblong
strips (2mm wide and 30 mm long) of a filter paper, in which
chromium oxide was absorbed at a rate of 40 % solution.
Every diet offered was eaten by ostriches for two hours.
Then, 3 kg fresh leaves were given, and another 3 kg in the

evening.

Body measurement

Before the slaughter, body measurement was carried out by
ordinary methods with respect to body weight, body height,
body length, chest width and chest girth.

Collecting digesta samples

At 10-11 of the clock on September 28, three ostriches were
sacrificed to collect digesta samples within digestive tract
(Fig. 1). At first, the weight and length of digestive organs
were measured. Small intestine, cecum and large intestine
were cut into 3, 2 and 7 pieces, respectively, with the same
length in each organ. Each piece was weighed. Then, digesta
samples included in each of pieces or digestive organs were
collected and weighed (Fig. 2). All digesta samples were

kept in plastic bags and stored in a freezer.

Measurement of water and ash contents

Defrost samples of 3-20g were taken into the crucibles and
dried at 60°C for 48 hours. The moisture content was
obtained after 2 hours drought at 135°C. Then, crude ash

content was obtained after 2 hours heat treatment at 600°C.
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Measurement of chromium

Chromium contents in digesta samples were determined by
colorimetric method. Samples were added to alkaline reagent
including tri-potassium and potassium hydroxide and were
baked 800°C for 30 minutes. Then, the ash was diluted with
distilled water and chromium content in the solution was
measured its absorbance at 360 nm using spectrophotometer

(U-2001, Hitachi, Japan).

Table 1

acids were analyzed by gas chromatograph (GC-2010,
Shimadzu, Japan) equipped with a flame-ionization detector
and a capillary column (ULBON HR-52, 0.53mm i.d. X 30m
X 3.0um), using 2-ethyl-n-butyric acid as the internal

standard.

Statistical analysis

Variables of observed properties were analyzed using a

Body measurement, and weight and length of digestive organs.

A. Body measurement
Body weight (kg)
Body height (cm)
Chest width (cm) 52+0.3
Body length (cm)
Chest girth (cm)

C. Total weight of digesta samples
within all digestive tracts (kg)
Fresh matter 13.0=£0. 81
Dry matter 6.8=+0.80
Organic matter 3.2+0. 81

B. Fresh weight of digestive organs (kg)

Glandular stomach 2.9+0.34
Muscular stomach 4.3x0.27
Small intestine 2.3%+0.27
Cecum 1.2+0.14
Large intestine 10.2+0.77
Sum 20.9+1.55

D. Total length of intestine (m)

Small intestine 5.7+0.14
Cecum 1.6=x0.06
Large intestine 13.5=%0. 22
Sum 20.8=+0.30

* Figures show mean=se.

Measurement of volatile fatty acid
Aqueous extracts of digesta samples were used for

measuring volatile fatty acid concentration. Volatile fatty

RESULTS AND DISCUSSION

For 25 hours before the slaughter, ostriches had ingested
3.1+0.37 kg fresh grass leaves (0.93+0.111 kg dry matter).
The body measurements, and weight and length of digestive

organs are shown in Table 1.

Crude ash content

Crude ash content in digesta sample was the highest in
muscular stomach (90.1£1.17 %), compared with 27-51 % in
other organs of glandular stomach, small intestine and cecum,
although significantly not different (p<0.076), as shown in
Fig. 3. Along large intestine, crude ash content gradually
increased and attained the higher value (73.7+£2.69 %) at the
final position of large intestine. This increasing pattern of
crude ash content along large intestine may be due to nutrient

absorption.

Distribution pattern of dry matter and organic matter

Total amounts of dry matter and organic matter within all
digestive organs were 6.840.80 kg and 3.2+0.81 kg,
respectively. Distribution pattern of dry matter and organic

matter in digesta sample is shown in Fig. 4. The percentages

paired t-test and an analysis of variance (Snedecor and

Cochran 1967). Three ostriches were included into the

replication.

B

25

Cruse ash content in DM (%)
B

Gla Mus S1 52 S3 C1 G2 L1 L2 L3 L4 L5 L6 L7
Position along digestive organs

Fig. 3 Crude ash content of digesta samples in dry matter along digestive organs
of ostrich. Attached lines with symbols show s.e. of mean and vertical lines

show s.e.d. of the mean differences.

Gla: Glandul h, Mus: M ! h, §1-53: Small intestine from

the first third to the last third, C1-C2: Cecum from the first half to the latter
half, and L1-L7: Large intestine from the first seventh to the last seventh.

of both dry matter and organic matter were significantly
higher (p<0.001) in colon (L2 in Fig. 4), being 18.2+0.21 %
and 23.9+1.10 %, respectively. These higher values may be
caused by the enlargement of colon, providing a suitable
nutritional environment for fermentative microflora (Swart et

al. 1993).



12

A.HONGO, Y.ISHI, H.SUZUTA, D.ENKHEE, YTOUKURA, M.HANADA, S HIDAKA, SMIYOSHI

—O— Dry matter
0 F - - - - Organic matter

Gla Mus S1 82 83 ©1 C2 L1 L2 L3 L4 LS L6 L7
Position along digestive organs

Fig. 4 Distribution patterns of dry matter and organic matter contents in digesta
samples along digestive organs of ostrich. The terminology is the same as Fig. 3.

03
0z

o1 F

Chromium content (mg/ml)

0.0

Gla Mus S1 S2 83 C1 C2 LI L2 L3 L4 L5 LB L7
Position along digestive organs

Fig. 5 Chromium content in digesta samples along digestive organs of ostrich.
The result was ontained 25 hours after ingestion. The terminology is
the same as Fig. 3.

Chromium content

Digesta samples were obtained after 25 hours of chromium
oxide ingestion. The peak was observed at the final position
of large intestine (Fig. 5), suggesting passage rate of grass
leaves through digestive organs being about 24 hours.

Swart et al. (1993) reported that passage rate varied
considerably (21 - 76 hours) with overall mean of 40.1 hours
and was independent of liveweight. This longer term was
obtained using young ostriches with liveweight of 5 - 46 kg.
In this study, adult ostriches had 103+4.7 kg liveweight.
Therefore, it seems that passage rate may be highly

influenced by liveweight.

Volatile fatty acid content

Total content of volatile fatty acids and acetic acid content
are shown in Fig. 6. With respect to total content of volatile
fatty acids, a small peak was observed at middle part of small
intestine (S2 in Fig. 6), suggesting the commencement of
volatile fatty acid forming in small intestine. The peaks of
both total content of volatile fatty acids and acetic acid
content were observed in colon (L1 in Fig. 6), being
24.5+7.25 mmol/100 ml and 15.5+5.75 mmol/100 ml,
respectively. Rapid decrease of acetic acid content was
observed at the following sites of large intestine (3.8+2.83
mmol/100 ml at L2), showing active absorption of acetic

acid in colon.

S “ —0— Total volatile fatty acids

= == ok - - Acetic acid

D

3

= 10 b

Gla Mus 51 S2 S3 C1 €2 L1 L2 LI L4 L5 L6 L7
Position along digestive organs

Fig 6 Acetic scid and total volatile fatty acid contents in digesta samples along
digestive organs of estrich, The terminclogy is the same as Fig. 3,
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BFICB W T BEREE b E O B CORAIRE
BIIEARD 43.6% % 5, RICEKHETOREMKE
SEOBESIN 21 1% & ZinoTo, WA TR D534
EHIBNCRD & TUT ET 7Y I TIXEES N
%T (%%40.6%& 34.3%) . 1EMBEAGE T2 (5 %
31.3% & 22.9%) o REEINTIZIED S5 B S KHC 72, 7%
bz, FRKICBWOTIIEY BN 44. 6%, HIE
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SYEEAS 14.9% % 50 5 — )T, BEMLOZ OO 5y
B COIRENE%9.9% & 22. 8% TFIE L, 1EMCHEESD
B LIS T O EEBE D D BREOTRGENZ VD
& BB T H o T AEW S B CORREIRIEEI A 23 @ B
ik, S TOBEMO=—XRNE N2 &2z T, B
B OYRIE AT T OGO EINATZ D 72012,
AARMOAMPBENE NS Z EHEHRTIER N EE
Z bz,

SRR 1B RR LEIC T D R BABR I
MEBEER D I EMNARE T RHTIIS I FiE % H
WHZETASKVHFBIZLRNIZERRTE 5, Fio,
JEZE DA FEBLSSC AT L UL T D AR R T D BB
NEFOIREHEZRETHZ LICE D kiR -
BERBRESERT 00 Ly, B%E EEICE T
LGN L - A TR FROM VML LT,
HEBEBBEORENEGHIBITROBNDL L, BZ,
HUBAZE 4 B & U7 7 T ORMCERISE IR A &
KTENEETH D,

JICA RPHESRGRAT & I BE . WEEBITHE . =5 H
BO 3 OOFRDO/NT A% E 2 AR BIE O Z0E B
BARE AL AL, A E O BH%E O BB G U7 128
EEMT_REELERL 0D L0 (HEEHAFEM.
1994b ; World Bank, 1999) . #I%#HE @S HE 13 H
ST VES ORI TlEd 223, BIH COEEH O
i oEMEZ B & Le PEZERB~OW ) b5
LTV RETHAH, . hFEEEZERT DO 2
T EBEORBRICFE SIS Tl i EER o B %,
BRAZMEL MEICEREL, HFE» L FSEE L E
LIRS TWD (EERH I 93E, 1994b ; World
Bank, 1999), Hiff, AT STV DB
B=— RBRLARE 7 7 7T L0 HF MRS 7 B 0 ]
IR TN T H R TEHEBE % o i 2 E 1R
LDOWHAFEEDOHRL LT, B LEOS - S TOR
B IRBRER G RO ) — X — B F R L Hiiz
72 EREE W NEB ORI TH A J AR BRICHF S
T BB DO HOBAR O BRI TiEa <  BADAE
DPHZE R EEICBIT Dk A R LA TO AM B RO
A EFRT 52 L b EBEMAIBE T IR DL
RWERTH D,

4. BHYIZ

ERE 3 ARBEE 1 IRBED B IERE 13 FR R 2 IRBRIC KR S H R
WM B B O RIREE D 10%25l7- 720 b Do, ik
JREEHE D DB O FEN R TE 2, 5% OMY
M & LT, URE O E % O 2 DK E & xR,
D) JRIERTIZHE > TBITIIAR TH H1EH, 2) BIHETO
M - R EIZOVWTOFE, 2FT 52 &BNHE
END, FEMRIZE - T, IRERTOBKE & K52, H
HREHBOREHRSHN M TO A Y OBEENEC
DN TDHFERLBIMNAUBE LA THRE RS L2 L
X, BRE ORI B721F T < BB B T 0 KRR
RIZAEDTHDL LEZZ LMD,

HiEE

ZOWEEKZDITHIZY | EBR ) FEM - H A
S SRS R - DR B SR - R =R (BIE, JICA
TARRATRE) & F— 2 N— RE B E O S 2 O
KL TR N LET, o, HFERATSA (FFHE
S IR =T BREL A v R TR (SITERHUEE
BREDOBFENE LTCNEREWZ LITEHW- LE
¥

pE

ED [Z2oftl) OSETEDFIE LTI, 1) #BHEH
BO—H#E LT, /e A O A8 2 5 BT B SR &
FL L RREDORELEEB 2T, 2) MBI THRE
I DU I B 2 R G B SRS AT D4R E 21T 5 \3)
B RIS H 2 X GUT AT FE D 1280 OB AR 2 455
T5, 4) FEEEKEE U CHIERE XSO I11EE)
179, 5) BREMUEMOABT L2 FEMT L. FEOKE
PAFTE LT,

£ 2) FHARFISPAR 3 48 1 IRBR L Y PRk 10 4F 3 kB
TOREHEORTILATRET, 122 X F Loz, L
L, [ CBLJBSEICIRIE S 7= R BERR B DM & 41 1
TEIE L7272, BT 81 CTh o7z,
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Summary

The secondary agricultural education was defined as
“agricultural vocational training” situated between the
primary and tertiary educational level. In this paper, the
dispatch outcome of Japan Overseas Cooperation Volunteers
(JOCVs) in the filed of the secondary agricultural education
was examined from the time of the first batch in 1991 till the
second batch of 2001. Two hundred and four cases were
selected as ones possibly related to the secondary
agricultural education. The majority (80.4%) was posted to
the junior high school, high school and junior college. The
half (49.5%) was dispatched to the Middle/South America,
followed by Africa (17.2%), Oceania (16.2%) and Asia
(15.7%). At any continent, dispatch proportions were the
highest in vegetable production, followed by animal

husbandry. Although a number of cases in animal husbandry
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was one third of its vegetable production, proportions
became almost the half in the field of secondary agricultural
education. It is considered that animal husbandry could play
an important role in such an education level. Based on these
results, effective roles of secondary agricultural education in

international cooperation were discussed.

Key words: international cooperation, Japan Overseas
Cooperation Volunteers, secondary agricultural

education, dispatch outcome, capacity build

Res. Bull. Obihiro.,27(2006):15 ~22
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Polyphenols and their antioxidative activities in 8 kinds of edible beans

Michiyuki Kojima, Takeshi Morita, Yusuke Saito and Shigenori Nishi

BE

SFHOEMTIHIIEENLIRY 7 =/ — /L & FULIEIEZ Ll UTc, TXE S O 3 B
FEDORIHEIEL, FEBRETRO L S IZL TT o7, THEITIRAGBOC) ZMMZ, 5 KR (Bt 1)
L, TOHBEOHZRIL CREMZ, 1R, g U7z Gk 2) . FAgic, mEdhiis o
R 5% R U 7 VA nFiREAOT S ) — L EMZ TS HIZ 1 R, FRICHRIFEAE LTV DR
V7 /= ERMEGH L (K 3) » £ TOMMIRICR Y 72/ =2 FATHZR, FF
NWHRY 7=/ —)VET, BEEEOR/NCREL L ORI THBEBRITFEO b oTe, 7 A% B
FOSRA U7 = 20K 1121, RN 7=/ —ABREEHEN, FHCT XX OFRbiEEN
wb@mPolL K 2 1ITRY) 7= 7 —AREEHENEEEIL, =22 Vas by, Jaz by,
VIRA, RALT v ATHY, =V RURFA RADZNITXTLMETH -7, F2, K 3
WCARY 72 ) =N EZLSGEATHWEDIE, a2 Varz by, Vasz by, JufA4X, RAT5
VA, VTVRAT, FMEICHEFEALERY 72 )V ESLERTDHIEHEE VD K 1 IE
FENDRY 7 = ) —VOBNZEMN L pH ZEMZMET LI2& 25, 4 RFH OB E T Th, TAEHh
HIEROTEHIER TIXIZ E A ERBDOONR D o1z, £, ¥AX, =Ry, TX¥, arzVar Yy
it 1 (pH6.5) OHIEMLIGIEIE, pH2.0 TIXF U~FHT EH L7724, pH10.0 TIIET L7z,
WHEMEFRMFTOT AF Lo FUDIEMRTIX, FICBEETHoT, £, XA X, 7uad (4B
LV a7 FURHKR 1 O BT v F U REIBIREIME o 2, A T~ A, a3 Y a s by,
TRy, TAXOZNIIENS T,

F—U—R: R T7=/—)b, FURGIENE, BLEN, pHLEMN S

#E SERRICEDN TV B, B TLAMORET
WO " RRBRA THEHEY 7= /) — VB, KX HDF L= VSRS T, Mic b BB e 52574 Y
OHFFLH L LCHEE SHTOBRAD—oThD, K ADA A—UBb 5D, ErAmlrsT 5L, KY
V7w ) IS ORERH Y, T TALAWERE 7=/ — AEIANETH DR RIS L THEECER
STACBMBIAET B, I ORETHIENITI L WELZEZZY, MAEROBREED </ ERmIC L 5T

I B8 PE R 88 PE R AR BORM R PE R SRR PR R L SR A R 2
Laboratory of Food Nutritional Science, Department of Food Production Science, School of Agriculture, Obihiro University of

Agriculture and Veterinary Medicine, (Hokkaido, 080-8555,) Japan
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NIEIE . - ARHRE

DRI 72 E 2 L T A{bamTchbd 59, Al
ML) ORAFZITHR LA DRI S N5 DY, B Rk
FNLACRFIB 72 &2 R D fERMEA R S TR v 7,
Bh O FRICTE U 72 5772 72 RARPUBAL A O HR R A3 15 F
ICHFZESNTNVAS D, Lo, B3 &1, sl
PEIC K DRl RES, BAROKRY 7 = ) — /LT
HARTENEDOREL o TETWND, £, BRHOE
BT, BREERRRY) 72 /)= TR IA R (7
FRUVEEET N T =) G =y (e
ToUUHE) RENELEERTNTEY, bk
FRICELGFEL TS, 2NHDORY 7 = ) — VI
BRSPS VR CTh D Z & D, FRiE - I LoilfE T
BARET 2 TRMTONTE LY, i, 58EARY 7

=/ = HIEADPEE > TWDD, BEUKRPE R E,

F—M T4t TR S MR E HNTR Y 7= )
—VEEREORFEICET S I3 T b T, &
\E, &M 8 FEOTHICONT, Bk - B T2
THAULLDEMERICEENDIRY 7 = /) — L E RO
FELIGMED LB 21TV, INECPHIZ 1 2 FTi kit~
HEIZOWTHHALMNITHIEEHME L,

EERAIE

1. EEBMH

il 8 MORMEHE ; =27V a7 by (BENE,
black matpe, Vigna mungo (L.) Hepper) , = K7 (B
., peabean, Pisumsativuml.) , 7 A¥ (/INE, Adzuki
bean, Vigna angularis (Willd.) Ohwi et H.Ohashi) ,
UaZ Ny (FkE, green gram, Vigna radiata (L.)
R.Wilez.), 7 v & A4 X (B K5, black soybean, Glycine
max (L.) Merr) , RA 7o~ A (RIZTCE, red kidney
bean, Phaseolus vulgarisL.) , Z A A (K, soybean,
Glycine max (L.) Merr) , Y 7~ * (224, broad bean,

Vicia faba L.) %, FEEREIE LTHW,

2. EEETFICEFNDIRY I/ —ILOHH

TR DOFERFE 1%, KZEMZ T 50°CT 5 MEfERE L
THLIRIEK (Ex-1) , HWTHREOAL L L&IC
HLWARRAKZMZT 1000CT 1 BERIINEL L CTHhHg

* TR - VE

(Ex-2) ZFM L7, Fo, BRICHEICES L TWD
RY 7=/ —Nig, 5%~ 7 A afg (TFA) G/
X ) —=NEMZT 100°CT 1 FEFINEN L TR
(Ex-3) ML= oSk, #nEiiE
MERLE B L < ITBURS 2 IR 7K T 10mg/ml JREELC
FRELL oMW, FTo, EROFERLYE b Rk
DYLEETEH L7z,

3. BBt - STHILHEEFHEDORIE
Pilgl - 7 O NEEEMER,
Z Ve RSIIADT D HNAEEEME DPPHIEY) &=

L1-Y7z=1-2-¥

ka7 —7 k7 U U AENBTIEY) Tif o7z, &5
FOMRIE, R L C B/ (10mg/ml) (ZHfE
LT, P byEtE 2 E L7z, DPPHT ¥ 7 A TE BTG HEGE
OPEITIMHEY 250 u g (250 1) ZHV, RA—/S—F
X M RIEMEREORIE I T 50 g Gul) ZfE
Al7, T7bb, DPPHEFSMEK 25l (= b
— )V CIEAEAKEMEMA) I 2ml @ 0. 5mM DPPHT & ) — /L
WL 2mlo> 100mM kU RHEEE/S > 7 7 — (pHT. 4)
Z CIRFA 15 31412 520nmDO WL 23K, xR (Filg
{ELPER B BRI O IEE % 100 & T 5HIA& TR L,
F7o, NBTIEIX, SHiH® 50 1%V, A—/3—F%
¥ RARR & T2 R O BSOS PR 2 & iR is 4 & oK
Wi, AL A—R—FF T FENBTEDOKISIZL Y A&
Ulzdsv=H o 2 3E (560nm) LT, HELWE %M
Aol OEXR (100) & LTERLE, P
F A F U —BIREIRIL, FIBMSE T3 A L
T2 B-FuF i aREMEIRER, UV — B/ B-Tw T
VHRTO ATOnmDOEEE L 0 FIGTRD 722, 2R 7
=/ —/L&IIFolin-Ciocalteauis?) (T L VKW, B
Bx () BT BHOTER L,

4 THEMHBORREMS U pHREMEDEIE
BZEMERS LU0 pH ZEMIE, SE RO Ex-1
ZHWIz, Ex-1 OBZEMRIL, BHRTF2—7ICBL
72 Ex-1 %, 105COA—7" > TREF L, RFEFAYICEY H
LIRS OBIEAL « 7 VW AEEIEE L 0 R T,
72, pHEEME, Ex-11Z 1N HC1 &1 T pH2. 0,
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1N NaOH &40 % T pH10. 0 IZFHEE LT, ZNEFNHEHIZ
PURBLIEEZHE L TR T2,

ERRERREBLUEER
1. BATEICEFAERYV I/ —LE

FrcEEnNsdRY) 7/ —VEMHT 2 HEE L
T, LT v a— VT 2 FER L <A
DT UL, —RRICERE, ML TRIAS
NHEMTHDZ Enb, RERTIZRE - RAKBLO
ML 72RFICEH LTS AR Y 7= /) —VEB L O%
S OFRALIE LIS SV TG LTz, il o sk e
BRE Y, MTEICH LT 2.4~7. 7% OB TH - 1=
0, BOLDITHIEOR/MTERR L, 7 ¥4 X
T RUOHMHINE otz (7 ad A4 X T.I%B LIV
TV RY 6.2%) . BRY 7=/ —VEOZWIED, ¥
SA, TAX, AU r~A, Varz by, azla
IRy, ragARX, TURTBIOYA X THoTz,
HARRZ Y RYDOERY 7= /) —)/LEE, BioxtL
T 0.06% & K- 7273, MMOEEHDOZITK 4~10 5T
bolz (Table 1) , FTEIHHEMICEENDLIRY 7 =
=V E BT E O KN A0 G IRIRIZILBER
N, HEOBBICIVREDCHD Z &b, K EH
DR TH D &l L7z,

FEBRITIE 1R L7 3 B RE oA TS S - il
MZEENLRY 7=/ =3, VI~ A&RE, Bif
AGEx-1 IR b ZLEEN TN, Fo, MEVRHTE ;
Ex-2 ORIV 7= /) —VEREHoToDX, VY TI<A,
a7V as huBLO) a2 RUARET, WEIRICHERK
ZIEINRT L THEENLE DR 7=/ — V3 EH
N7z LMW L7z, Ex-1 & Ex-2 OAFHE, B bRH
FRERARY 7= /=N THY, BETBEORY 7= /) —
NVEICHEYET D, &R 7= ) —VEBEWEIEL, JE

2V I<A, TA¥, azlas by, {7 <R,
YaZ hUT, NTrZ A X = RyBLIORF A
AT ole, MR ZREA TS ) —/V THERH L
TROLNFEBICHREICHES LR 7= /) —/b (FK
FEBIARY 72 /=) 1%, 4 ARz Ry TaKRY
T2 ) —=ND6-T%, TAXTIE15%, TNHUSNOE
TIX22~28%Th D Z LRI NT,
HENPOMH LR 7o ) — V5L, XA RF 2
FE, Va s hyEH2FEOMTIZEEIL TV, fod
M CIEBEFIC R R o TV, XA RO EFERF Y 7
= /) =T = AT A v, = RUTIET VBT R
B, TAXTEI T TV av ReELFo, L7
CATEY T =V 7Y ay R EThol?21,

2. EHMHKE-1 OBRREMS LU pH REH

F GIERIR ; Ex-1 OHRBLIEMEOBZ EMEIZ OV
THRFLEZEZA, | MO CTITRAT-2TOEE
R OPURRALIE ML B 2 B BYTRR D DR o 72,
UL, 2—4 R ofke Loz Lo, £ 4 X, Y
az hv, azVasz by, = R MHIROGR
LB, EMBO LD LY LEAETEL 2ot
(Table 2) , ZOHH L LT, MBI KD EAKOA
R E 2 BILD D, O ORGSR 81345 % OME
THd,

& FHEM I ; Ex-1 O pH %, 2T pH6. 5 Bt TH -
7o AAMHIE Bx—1 O pH & 2.0 & 5\ M 10. 0 ICFREET%,
PAL « 7V EERZE L 25, A4 X
arzYarz by, =y RyBIOT AXFEFHKRIT,
pH2. 0 DEEIEMI D J5 75 i & 0 b3 TR S - T
(Table 3) . L L, pH10.0 OHTFEMEMEIZFHEE L
Ex-1 TiE, 2 COMBROPIBIIEEIMET Lz, FF
W7 AXRx s FYOTERK FIZEE Ch -T2

Table 1 Polyphenol contents in each extract (mg) from 100g beans.

Black Black Red kidney
Extracts matpe Pea Adzuki bean  Green gram  soy bean bean Soybean Broad bean
(Black)' (Light yellow) (Red) (Green) (Black) (Red) (Light yellow)  (Brown)
Ex-1 130.6+0.4 56.8+0.2 247.4+0.4 130.8+0.4  122.8+1.8  190.6+0.4 50.0+0.2 12.9+0.4
Ex-2 114.844.0 2.4+0.4 20.4+0.8 70.0+1.0 33.6t14 47.2£1.0 3.4+0.2 450.1+14.2
Ex-3 93.2+4.0 4.4+1.0 45.0+0.8 71.242.2 62.0+1.6 67.0+4.0 3.0£0.4  136.1+0.7
Total 338.6+2.8 63.6+0.6 313.0+0.8 272.0£1.2 218.4+1.6 305.6+1.8 56.2+0.2  599.0+5.1

" Seed coat color is shown in the parenthesis.
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Table 2 The thermal stability of Ex-1 for the heating.

100
0 | (1)
Heating time (min) 2 80 |
Species 60 120 240 0l
Black matpe 0.99+0.02 1.08+0.02 ND é 60
Pea 0.86+0.01 1.02+0.02 2.19+0.04 o 50 [
Adzuki bean 0.99+0.02 0.94+0.08 0.94+0.06 % 40 |
Green gram 244010  2.46£0.05 ND %00
Black soybean 0.9820.01 0.9520.03 0.9520.02 20 m H
Red kidney bean 0.97+0.02 1.32+0.03 0.87+0.04 10 1
Soybean 1.86+0.09 10.42+0.13 13.53+0.14 0 ’—:‘ ? c Fj T: . R N
Broad bean 0.92+0.02 0.90+0.02 1.38+0.02
Each value is expressed as a relative activity value for DPPH 100
radical scavenzing activity at heating time 0. Values are means+ 9 (1)
standard deviation (SD), n=3. ND: not determined. 2 80 [ ¢ o
>0 K ]
:é 60
Table 3 The pH stability of Ex-1 in acidity and alkalinity. o 50 |
fol
Species pH 2.0 pH 10.0 g7
Black matpe 1.130.05 0.71+£0.07 gl
Pea 1.57+0.07 0.430.03 " R O I
Adzuki bean 1.1940.01 0.14+0.03 A B c D E F G H
Green gram 0.94+0.05 0.59+0.07
Black soybean 0.89+0.07 0.69+0.02 el 1
Red kidney bean 0.86+0.03 0.86+0.01 2 80
Soybean 1.67+0.40 0.95+0.07 >0
Broad bean 1.07+0.01 0.49+0.04 2 60 |
Each value is expressed as a relative activity value for DPPH ; 50 |
radical scavenzing activity in pH6.5. Values are means+ T4
standard deviation (SD), n=3. R
10 F m
0 PR - = T L L L L L
¢ D E F G H

(Table 3) o Z#LHOKERIL, pHOLB)IIIETERE A B

a7 — Fig. 1 The comparison of the antioxidative activity of pulse
E ¥E|'§ S N\ - 7 3
ZHA LA R LTS, £, BRIEETO extraction liquid. 8 kinds of beans, A; Black matpe, B; Pea,

0 NS — C;Adzuki bean, D; Green gram, E; Black soybean, F; Red

] — Fhrs - SR \ 5 , DS g s BS Yy , B
B 7 =) RPN THD 2 L bR L TN D, kidney bean, G; Soybean, H; Broad bean were used. By
AR, pHIC L BEEEIT S T LA B describing method, 3 kinds of extraction, (I) Ex-1 (II) Ex-2,

(IIT) Ex-3 were prepared from each pulse.

TN D2 A a5 5 A 72 R R 0O pH 2 JR 1 08 2k

WCEZ 2RO AL, SORBEIC L BEICRR S0, DENLTL BTN Tholz, £z, Ex-2 OIEMRIE N
BENDRY 7= ) = ARSI KD BFEEAE E T S HHRIL, FBRICHREICHEA L W TBER DR ¥
WhEEZOLND, A%, PHICL VBT DR 7=/ J = VTSR 5 Ex-3 b @O i biE P

— /L« BT OEEE OB BHfF SN D, WO bz, £, 8 FEEOEHEMINK ; Ex-1, Ex-2,
Ex-3 IZ&FENDBRY 7=/ —E&EEDPPHT ¥ h LiH
3. EHEHMHAOIMERILIEMN KIEVERE L OHBRE A RO & 25, r*=0.824 2R L

8 FIHDO T 3 BB D LT bzt oHisl 7z FTz, NBTEIZET 5 A— =4 % > R EIGHEE
% b9 2 BT, 10mg/ml (w/v) & LIoAKEE] RV 7= — VG E ORI, r*=0.851 &R L
OPACIEEZ R L= & 2 5, 12K 5 Ex-1 TIET 7oo ThDH, WE & HICHERIEOMHBRERNTED &
AR OE D b Mo 7 (Fig. 1) HHIE ; Niz, THHORERIL, A ATy KR O
Ex-2 TiX, a2z Va”z by, ValZ ho, A5 {EIEMEIHERW T L, 2o 6 fli oo TRk kI

VA, VT AOPMBIGIEER @0 T, s as A R BWPIB TRV 2 R T AN EIET 5 2 &, g
KT XF DL IUTHKESRRE OEE, =0 RUoH A X 72T TR A D B IR L 22 WL U AL & P 3 LB A
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BLTHET D LR LT, £, FIALST
SPRALIEE DB WRY 7 = ) — L& %< & e T
HiIE, 7 AR ; Ex-1 TH D Ll Lz, B-4
B F MR E & 2 o — R T, A0 KR
FEFNIARE T, JAM T CITHR I CHE IR AT 5
0, ZoB-HuTF o aFEOREMEIREZ TIEIHE
Ex-1 ZHWTHRELIZEZ A, TAF, U hxBX

B -Caroten remained (%)

0 10 20 30 40 50 60 70 80
Reaction time (hour)

Fig.2 The discoloration inhibiting of B-caroten by addition of the
Ex-1 from 7 species of bean. Distilled water(blank:o), black
matpe(e), pea bean(A), Adzuki bean(A), green gram(o),
black soybean(4), red kidney bean(m), and soybean(<).

G277 Y a7 b UKL, Ye4m T C 24 Ref% O B -
AaFUEIT80% U EAREAFEL TWT, mWnp-IrF
VIREMBIRER O bl (Fig. 2) o Y 7= AR
OHRIZONTIFRA L TORWDR, A X, suiA
AB LY a7 bR g -4 aF R EmilEeix
B oTe, TS DOIEMER Y DAL, U7 % 58K
R NEFUHFERREDORY 7= ) — N EHEE LT
WD, TG LG & OREHBIZ IAREIC T 572 DIT
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ABSTRACT

The antioxidative activities of polyphenols found in 8 kinds
of edible bean seeds were compared. Three extracts were

successively prepared from each kind of bean as follows. A

TR - P

small quantity of bean was soaked in hot water (50°C) for 5h,
and the hot water fraction was collected (Extract 1). Then,
the seed coats were separated, fresh water added to the seed
coats, and the mixture boiled for 1h. The water fraction was
collected (Extract 2). The boiled seed coats were heated for
1h with 5% trifluoroacetic acid containing ethanol in order to
extract the polyphenols that were tightly bound to the seed
coats (Extract 3). All extracts contained polyphenols. There
was no correlation between the amount of polyphenol in a
bean type and bean size or seed coat colour. Extract 1 from
Adzuki and red kidney beans contained large amounts of
polyphenols. In particular, Extract 1 from Adzuki beans had
the highest antioxidative activity. Extract 2 from black matpe,
green gram, broad bean, and red kidney bean also contained
large amounts of polyphenols, whereas those from pea and
soybean contained only small amounts. Large amounts of
polyphenols were stripped from the seed coats (Extract 3)
from black matpe, green gram, black soybean, red kidney
bean, and broad bean. The activities of polyphenols in
Extract 1 from all beans hardly decreased even though they
had been heated for 4h. Antioxidative activities of Extract 1
from soybean, pea, black soybean, and black matpe at pH 2.0
were identical to or slightly higher than those at pH 6.5,
whereas those at pH 10.0 were lower than those at pH 6.5.
The activities of Extract 1 from Adzuki beans and peas
decreased markedly at high alkalinity. However, B-caroten
discoloration was poorly suppressed in Extract 1 from
soybeans, black soybeans, and green grams, whereas
discoloration suppression was high for Extract 1 from red
kidney beans, black matpes, peas, and Adzuki beans.
Keyword polyphenol, antioxidative activity, thermal

stability, pH stability, pulse
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A comparison of ascorbate peroxidases from varieties of Adzuki bean

Michiyuki Kojima, Yusuke Saito and Shinji Yamashita

HE

T R (Vigna angularis (Willd.) Ohwi et H.Ohashi : SifIZ= U EL 3 VX)) ICEENDHT A2
LE VATV H =B (APX) B3 — R 5 cDNA OIS & RiE L7z, APX 137 A /LB iR
ZIE L LTl Ch 2k R 2 KICER LT 2R TH D, 7 A% APX BT OHAKIE
1,076bp T, TARINDZ L7 EOT I 7 BT 250, 43 T I3 27, 000Da THh o7z, 7 A F APX
DT I BEINE, VYT, FARXBIOT Fyozins & WHEMEEZ AL, IEIZ 98%, 95%3
F2ThHotz, o, TAF 5 MHEOYAEREND APX & — R 9% cDNA 23R8 LT, HHEE S
BB LT, TORREELT, D=V ET 27 X0 APX BT ORF 25 6 -10 & B O EEFIIE
“TGCTA” TH o723, oD 4 FMFEOZIIT “AGTAC” THDHZ &, (2)APX #Ef51 ORF 75 61 FH
DOEFHIFTVETa v X, B/MIR-1 BIORMIIFAFITE T7 Tholedd, THXREA
FTIAUBLOY AR a VXTI CC THLHIZ EEFLMNT LT,

X—TU— R TR/ LB X H—E, TRAI)LEEE, cDNA, 7 X%

wE

7 A% (Vigna angularis Willd.) Ohwi et H. Ohashi)
FAEICH L, RRREELZ T VED T, FT0d
BRNEL, TOFEDORRE LOERREICRE AL
EhpY, LHREICB T DT XX RO R LTS
G5B O D S ML FED B R TR < EAN TN
%o EDTZOITITT X AR E O R AN 2 B & iC
THMERDY, BREBKOEES KDL TS,
B D% < 13X 10°CH B 35°C ORI il A iR E
R TV, FEFIRED EREIITREEBZ S
REBREE T Clmiiia o BB RE N 72 b T, FH L
ORI & 52T Y, KR T T, RENTBI 0K T IS
HEALLTREG=RAXF—ARNF L ThiLETx
X &Y, FNINEVERER A E Y AP - A

EEHEEZ X ZTREE 255 Y, UL, EmidiE
{LOER T Z 4L B OIEHERR R (3T % BhEBg A 4 515
LTHEY, TAALE VBT NVETF ALY A 7050
I I T DIEMEREEBR B O — D & L THFIET
%D, HMINTHRAE LIZ A— =A% v RT7 =4 1, A
== F XY KT 4 AL H—E (SOD) 12 & Vs bk
LY, TRALE UL E R F—F (APX) £ /21T
15 T —F (CAD) 1T L o TKICHEHE L S D, APXITHEE
ELTTRANE U BRKETH Y, s hicT X =
NEVEBIZINET A ALY, FlegbIhi- s
FAINADPHIZ LV, ZhthiEsh THAH S
Do LA L, MR EFOTEMEREFR I ERE ) Ll Lo 72
IEMEBERAVE U7z & &I, —H OB AR D3 AL
Sh, ABBSREORE N E 50,

7 I F8 PER 778 PERM AR OB E PERL B R R AR R

Laboratory of Food Nutritional Science, Department of Food Production Science, School of Agriculture, Obihiro University of
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T R T~ A REH O H T HIKIEICH W EH TH Y,
55 DBILED & FFELE A S OAF B & 0 (KR
PERBICEMED b D, BIIE, [T hxs 4T
TEHEZE B O G TED TR, TBE/INRLR-1) X559V 5
HMTHDZERMEESNTVEY, £, A vrFa—
H = WTZFEREL-VLORRT, 7 XX MIAHEICER
ERMRRA NV AE 52D L, ENHE L2 ET D

TBE/INRIR-1] DEEITE EDHAPX, SODIS L UCATTEME:
X, [(THREALFTr ) OFRLOEEL Y KW
EERBSMILEY, £,
BLOvrA XFXF R EOETEIEA L RAEZT

PRI OIEED EH- 2 2 &0, IRt HED =
LAFCATHEAS T2 A RTH AN LI PEIRIR, FERE
BRHA IR A RIS TES N 5 2 & 3l S
TWBHE T X% O TE L Ui bRESE & o M2
Bt 2 E0—8E LT, 4, ZRUETICHLMNT
ENTWVARNWT XF (=) T 3 7 R) APXEIGF DR
&, BB O THEZE ORI IEIC ZERRBO BT d
7 A% b GAEDAPKEILF 57 A DOHEIEESI DiE A B
LA LT,

VBTV L, Y AE

KERAE

1. 7 X% D4ARNARHH & cDNAERL

TAXMEIE LT, TmVEva v X, [ThxRE
AFAyy, TB/RR-1, HAuerav X)), [ha
A > ObMEERW, FETIIN—IFa T

ML, 26 CCTHIZFS 7o, H3FE® (3% 1
~2 ) OPEEEARIL THHIZHW ., 2RNAOHI
iZ, Plant RNeasy Mini Kit (QIAGEN) % VN CTHT- 7=,
FhH U 72 2RNAIZRNase free/kK T 30 AR L, 260nm
B LV 280nmDW A A IE LT, 0Dyg0/0D05=1.8 Th
D RNAVR IR DR FE 2 RO L7z, cDNAD {ER I
3’ RACE System for Rapid Amplification of cDNA Ends
(Invitrogen) Z VW TAiT o7, 2RNA(1~5p ) 1T,
free KZMx T 1lpul& L,
TRNBVEME ST, kET
2110 10XPCR buffer, 2410 25mM

RNase
1lul®d 10 4 M adapter
primer% )Nz C 70°CC 15 43
mamte (1 4D,
MgCl,, 1410 10mM dNTP mix, 210> 0. 1M DDTZ %S0

LT 42CT5 BT A vrFax—F Lz, 1luld

- L]
SuperScript I RT #N%z, 42°CC 50 458

®7=1%, 70°C (15 4
L, 1ul®RNase H&Z Nz T 37°CT 2074
AR LT,

WHR B R G &
Ay CRUGME IR &8, K ETAK
57 T SO & - cDNA

2. T A% APX BinFW A DR

PCRF = —7\Z 1 10DcDNAYAHE &, 48. 75 u 1DPCRIE
% (BRI FELE 10mM Tris—HC1 (pHS8. 0),
MgCl,, 0.2mM dNTP mix, 0.5uMt A7 54 ~—, 0.5

50mM KC1, 1. 5mM

uMT7 o F AT T4 ~—), BLVO.25u 10OEx-Taq
polymerase (5U/u 1, TaKaRa)ZNZRA LIz, FFA

—I%, WE SN TV LMD~ AHHAPKES Y 2 55
{2 L CHERE L7z (Table 1.), PCROZMEIE, 94°CT 3 4y
M, {(94°C, 30 ) — (45°C, 30 ) — (72°C,
30 )} & 35 A 2 MTo 24, 12°CT T 4y IR L C
PCREEM 2L L 7=,

3. PCRE#HDIER

PCR BEMIZ 2% 7 H 11— A 7L (1 XTAE) Z W= ER
VKENZHE L7, ERIKEIH O S NMTeTF Vv AT n~ A
RCYa L, R4 (312nm) FRFHC X 0 BEiE S 1T A
ZEID ML, Y1V L7 vid, GENECLEAN
KIT (Q-BIOgene) & A\, TEHD 3 54 D Nal %1z 50°C
TR NVEEDL, £ <IRE L7z EZ-GLASS MILK %
Zaiif Ra
TEB A 1572, 500 11 & NEW WASH Z /2 THeaTiEn L
7%, 10,000rpm (5 FR) Tl L7z, ZhE G 3 [
M0 R LT NI, E O SR L — & CHE[E
L, 11l OPFEKEIZ TRER, 13,000rpm (2 53fH])
THELNTE D LIE AR PCR EEM & LT,

5pul Nz T574 10, 000rpm (5 FPRE]) D= LT

4. WHEBRBI ORI Y —=7

pGEM®-T Easy Vector System(Promega) % I\ > TAPX
BETWREXIZ—TFZAI FICEA LT, T72bb,
3 u 1D KERIPCRPEN) % PCRF = — 7 1T AL, BLAEHIIT 30mM
10mM DIT, 10 %

Tris-HCI (pH7.8) , 10mM MgCI, ,

polyethylene glycol (MW8000, ACSgrade) , bng/ u 1
vector, 0.3 Weiss unit/u 1 T4 DNA LigaselZ725 X 9

WA M Z, 166CT 1R T A4 ¥ —3 a Vs &4T
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o7z, IS, 2.5u 10O X —¥Fik% 50 u 1DE. coli
DH 5o Competent Cell (TaKaRa) (2%, 30 43Rk ki
HELE, 2CT4 Pplloe—bravyrihbz, B
HITK ET 1 4BmEIL, 500 1 1DSOCERIE % % T
37TCT 1 WEMIREEEAE Uiz, ¥4 EIRIE 10, 000rpm (30
o) cimO L CHEREL, EEEZHBREBEL, Ty
¥, X-Gal, IPTG% & TeLBJE AEEHIIZ TR & JiF 7=, 37°C
T 16 B REEICAV I =— 2B, HLnT v
U AR OLBE RS I FEOEE L7z,

5. ¥ ru—=rly—Fr vy

APXEIGTWR 2 &8 7T X I FEEA LRI,
50 u g/ml7 ) A A DLBIRIKE: #IT 37°C, 16 Iy
MEG & Lz, $%& L7 K E 2 O FlexiPrep
Kit (Amersham Pharmacia Biotech) Z HH\W T A I K
ZENN L7z, F7ehb, EEERIL 13, 000rpm (30 FHH)
THE L, BMAIZ 200 1dSolution I &0z TikB%
R L7=, 200 1z 1DSolution Il %0z T < {RFIT%, 200
p 1?Solutionll Z M2 THONEFI L7z, 13,000rpm™T
12 430 L TE B RIEIT 400w 10D 2= m /X ) —
JvEINZ IR, 13, 000rpm T 25 43Rl 0 L Cik# % 15
7= YEEEIZ 150 1 1D Sephaglas™FP& Mz, 1 4> Mvortex
#, 13,000rpm™C 20 FOfEim.0 L C R &RE Lz, hE
13 200  1DWash Buffer, 300 u 10> 70% EtOHA N2 TIIE
WP L, 55720 IC 52 1 1DDNase free/K &%
TEfR LT, =y v 7 3AbEEY AT o - A =
VO AFIARIE L TIT o 72 (LA R AR o

6. 3" RACE ¥:3 X TR5° RACE ¥&IC & B ¥R HELS| DA
BONTIERESIL Y, GSP(Gene specific primer)
ZFREL (Table 1.), ZhZ MW T cDNA ZFRELL T
3" RACEJEIZE Y APX © 3* Kz a—=r7 L7,
3’ RACE #%(% 3’ RACE System for Rapid Amplification
of cDNA Ends (Invitrogen) & i\ 7=, PCR I, 94°CT 3
sy, {(94°C, 30 ) — (63°C, 30 %) — (72°C,
153} %& 35 FA 7 TV, 72°CT 5 SR O&MtT
1Tz,
3" RACE HEDEA LREEIC LT, T F B ZAD GSP1
Z#F L7z (Table. 1), £, ©RNA ZHERE L CT X

X APX BB 1D 5 KU E TO cDNA Z/ERIL, HRLL
72 cDNA IZ dC-tail fHINZ&4T 572, Z @ cDNA & Hu > APX
D5 KOs a—=2 %7572, HEWT GSP2 T
dC-tailed cDNA @ PCR %4T\), & 512 GSP3 #HWT
nested PCR #1772, 5~ RACE ¥/, 5° RACE System for
Rapid Amplification of c¢DNA Ends Invitrogen) Z H >
TT> 72, PCRIE 94°CT 3 /3 NEM%, {(94°C, 30 F)
— (65C, 30 %) — (72°C,143)} %& 35 %A 7 LAT W,
72°CT 5 S HRFF DRI TIT o 72,

7.7 A% REBORETEIB LT I BES| DM
Hr

7 AX b R B APXEIA T & G iecDNAZ R L, 55
BAshR LD B 57 MM IELS A higat L7z, 5
RRIR O HEIERH X Table 1 IR LIZT T4 ~—%
WT B RACEIEIZ L VR, AARDNAT —F 2
(DDBJ) A3 3~ HBLASTIS L UNClustalWORHI R 2L
WIRFFANAFA T AT 4 7 AR Z—NEET D
MOTIF7g & & FIWTAPKIBIE T DR E B ¥ —fRT 2
J BB DNt % 1T 7=, F£72, VW5 (Vigna
unguiculata (L.) Walp.), #A A (Glycine max (L.)
Merr.), =X N (Pisumsativuml.), A 9 = (Fragaria
Xmagna Thuill.), %=V (Cucumis sativuml.), b
7 7 Z 3 (Capsicum annuuml. ), "7 V> U (Spinacia
oleraceal.), X NV L3 (Euglena gracilis), 7 /V7
EAMERERE (Varrowia lipolytica) D& 87 D —
UM ISV TR &5 (NJTE) 18X 0 5 1Rkt
aAERE LTz,

HRRUER

1. 7 A% APX D4 cDNA SEEEF| & H LRI BEDT
J BEF

RACEVEIT £ 0 7 X ¥ APXD 4 FEFid 51 % P L7z (Fig.
D, 7TRAX (VT 3 7 R) LML 7APXO 2T
i, polyA tail Z#FR\\NTC 1,076bp ThH o7z, ST
2 BB 250, 4y T-RHIE 27,045DaTH B, APXIE, E
W3 7 VBRSO D | AERE R, BEREARL ~ 1
XY — BB RIS D3
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CTGGGGCTCGTGGTCTGCTCGTGTCACTAGGGTTAACATTCTATTTCTTCTCCAGTTCCA 60
AGGTTCGTTAGCCGGAATCTTTCTCGAAAAATTGATCGTAAGCCATGGGAAAATCTTACC 120
MGKSY 5

CAACCGTCAGCGCCGATTACCAAAAGGCCTTTGAGAAGGCAAAGAAGAAGCTTAGAGGTT 180
PTVSADYQKAFEZKAKZ KT KTLR RG 25

TCATCGCCGAGAAGAGATGCGCTCCTCTGATGCTCCGTTTGGCATGGCACTCTGCTGGTA 240
F I AEKRGCAPLMLRLAWHSASG 4

CCTTTGATGTTAGCACCAAGACCGGTGGTCCCTTCGGAACCATCAAGCACTCTGCTGAAC 300
TFDVSTKTGGPFGTTI1I KHSAE 65

TCGCTCACGGTGCCAACAACGGTCTTGATATTGCTGTCAGACTTTTAGAGCCAATCAAAG 360
L AHGANNGLTDIAVRLLEPTIK 8

CGGAGTTTCCTATCTTGAGCTACGCAGATTTCTACCAGTTGGCTGGCGTTGTCGCAGTTG 420
AEFPILSYADFYQLAGVYVAV 105

AGATAACTGGTGGACCCGAAGTTCCTTTTCACCCGGGCAGAGAGGACAAGCCAGAACCAC 480
EIl TGGPEVPFHPGRETDIKPETP 125

CTCCAGAGGGTCGCTTGCCTGATGCAACCAAGGGGTCTGATCACCTTAGGGATGTGTTCG 540
PPEGRLPDATIKG GSDHLR RDVF 14

GCAAGGCTATGGGGCTTAGTGATCAGGATATTGTTGCTCTATCTGGTGGTCACACCATTG 600
GKAMGLSDAQ@DI VALSGGHT I 16

GAGCGGCACACAAGGAGCGATCAGGATTTGAGGGTCCCTGGACCTCAAATCCTCTTATTT 660
GAAHKERSGFEGPWTSNPL I 18

TTGACAACTCATACTTTAAGGAGTTGTTGAGTGGTGAAAAGGAAGGTCTCCTTCAGCTGC 720
FDNSYFKELLSGEZKESGLTLAQQL 205

CTTCTGACAAGGCACTTTTGTCAGATTCCGTATTCCGCCCTCTTGTTGAAAAATATGCAG 780
PSDKALLSDSVFRPLVEKTYA 22

CGGACGAAGATGCATTTTTTGCTGATTACGCAGTTGCTCACCAAAAGCTTTCCGAGCTTG 840
ADEDAFFADYAVAHOQKLSETL 24

GGTTTGCTGAAGCCTAATCAACATATAGGCAGTTGGAGATCTAGAAAACAAAAGAAGTGG 900
G F AEA %

TTTTAAATTTCGATGTGAGGATGTGTTTTGTCCCCCCTTTATTTTTCACCATTGGCAAGT 960

TGGATTGTTTTTTTCCTTTGTTGTGGTTGATCCTTTTGTTAAATAACATTGCTAAGATGC 1020
TAAGAGTTAATGGTTGAACTCATTGGGAGCTCACGTTTCTTACGTGCCTACTGGTA 1076

(fhfE . =V ET 3 yX)



A comparison of ascorbate peroxidases from varieties of Adzuki bean

Adzuki bean 1 MGKSYPTVSADYQKAFEKAKKKLRGF | AEKRCAPLMLRLAWHSAGTFDVS 50
Cowpea 1 MGKSYPTVSADYQKA | EKAKKKLRGF | AEKRCAPLMLRLAWHSAGTFDVS 50
Soybean 1 MGKSYPTVSADYQKAVEKAKKKLRGF | AEKRCAPLMLRLAWHSAGTYDVS 50
Pea 1 MGKSYPTVSPDYQKA | EKAKRKLRGF | AEKKCAPL | LRLAWHSAGTFDSK 50
Adzuki bean 51 TKTGGPFGT [KHSAELAHGANNGLD I AVRLLEP | KAEFPILSYADFYQLA 100
Cowpea 51 TKTGGPFGT IKHPAELAHGANNGLD I AVRLLEP | KAEFPILSYADFYQLA 100
Soybean 51 SKTGGPFGT [KHPSELAHGANNGLD | AVRLLEPLKAEFPILTYADFYQLA 100
Pea 51 TKTGGPFGT [KHQAELAHGANNGLD | AVRLLEP IKEQFP1VSYADFYQLA 100
Adzuki bean 101 GVVAVEITGGPEVPFHPGREDKPEPPPEGRLPDATKGSDHLRDVFGKAMG 150
Cowpea 101 GVVAVEVTGGPEVPFHPGREDKPEPPPEGRLPDATKGSDHLRDVFGKAMG 150
Soybean 101 GVVAVEVTGGPEVPFHPGREDKPEPPPEGRLPDATKGSDHLRDVFGKAMG 150
Pea 101 GVVAVEITGGPEVPFHPGREDKPEPPPEGRLPDATKGSDHLRDVFGKAMG 150
Adzuki bean 151 LSDQD|VALSGGHT | GAAHKERSGFEGPWTSNPL | FDNSYFKELLSGEKE 200
Cowpea 151 LSDQD|VALSGGHT | GAAHKERSGFEGPWTSNPL | FDNSYFKELLSGEKE 200
Soybean 151 LSDRDIVALSGGHT | GAAHKERSGFEGPWTSNPL | FDNSYFKELLSGEKE 200
Pea 151 LSDQD|VALSGGHT | GAAHKERSGFEGPWTSNPL [ FDNSYFTELLTGEKD 200
Adzuki bean 201 GLLQLPSDKALLSDSVFRPLVEKYAADEDAFFADYAVAHQKLSELGFAEA 250
Cowpea 201 GLLQLPSDKALLSDPVFRPLVEKYAADEDAFFADYAVAHQKLSELGFADA 250
Soybean 201 GLLQLPSDKALLSDPVFRPLVEKYASDEDAFFADYAEAHQKLSELGFAEA 250
Pea 201 GLLQLPSDKALLTDSVFRPLVEKYAADEDVFFADYAEAHLKLSELGFAEA 250

Fig. 2 4AFHO~ ARMEY APX DT 2/ BRE S
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Adzuki bean (Vigna angularis (Willd.) Ohwi et H.Ohashi, 7 X=), Cowpea (Vigna unguiculata (L.)

Walp., 474, 16),
Y RY, 18) M,

BRIk (ORF) 12 750bp ¢, FEFMRREEIIT 5 Ui
105bp, 37 MIT 222bpFHEAL Tz, T AFAPXO TR
7 R % APXIBASF D —IRELH % fth D AEA) D APX & Hoig L
LA, YHS, FAXBIUT Y KT OAPXS &
ZIEI 98%, 95%F LN 2% DFEREIPEA R 7z (Fig.
2), THHOAPGEIE I TR CHIER CTH D Z &
b, TAFAPXGHMREREHEEL TWD, £72, v A
FHEZ LS ClZ, NTROA T2, YIROFav Y,
FARD N HTY, TAFRORT LY TR ED
APX*#) & 7 X% APXIE 80%LA_E o> MHIFEIME DGR B

72o S OICHMBEEDO 2 R Y A CEIEOREREOAPX

2 L, FRFERN 50%3 LN A8%DAHFEIMENER D ST,
TS DEMDOAPEIR T & L7zt (L R FM 2 Fig.

Soybean (Glycine max (L.) Merr, &A X, 17),

Pea (Pisum sativum L., =T

IR LTz, 7 RFAPKIT~ A BHEMAPX 7 v — T IR L,
EL VI FIGEN T LR ENT, T AXIET TS
CH BT RBICE L, BURHTE ROEEL L TV 228, J5EE
Mo A B ALRR M, FE T DR 22 & DD B KR S 4L
TWB® | F7z, APXEETO33FAND 44 F B AHE
DT X BEINITIINETHREDH DL L2 TOMMICE
WTE S IRFESNTZBIRT, 7 AXAPXIZ Y 2 OIR{EHE
BAFRD bz, ZOWEBERSERIE, AR H—
COIFEEROLICBEO$H 5 2 & BHE STV A 2,
F72, APXITEMIHRA OBIETF L BEZHNLTV DN,
T DAPXIRAF IR ELRL SR 53 2 FF S E DR+ B o
Mo TEVY | SHOEMICHFRIND,
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Yeast

Cucumber

Strawberry

Pea

Soybean

Cowpea
Adzula bean

-——— Red pepper

Spinach

Euglena

Fig. 3 10FEHDOHWAPXT X/ BEECHNC 2SS IR AE (NJIK) (2 XL 50 1Rkt

AFEFE D~ A BEY) ; Addzuki bean (Vigna angularis (Willd.) Ohwi et H. Ohashi, 7 AX),

unguiculata (L.) Walp., ¥¥4, 16), Soybean (Glycine max (L.) Merr, ZA X, 17),

Cowpea (Vigna

Pea (Pisum

sativum L., => K7, 18), i 1FEE T > T/XFE ; Strawberry (Fragaria Xmagna Thuill., A F

=, 20), v UF};Cucumber (Cucumis sativumL., ¥ =7V, 21), FAF:;Redpepper (Capsicumannuum

L., hoHT, 22), THYFE; Spinach (Spinacia oleracea L., w7 L V7, 23),

e AV

V7 ; Buglena (Euglena gracilis, X RV L3, 24), B ; Yeast (Yarrowia lipolytica, 7 IV

CEALERERE, 25) A iz,

1 CTGGGGCTCG TGGTCTGCTC GTGTCACTAG GGTTAACATT CTATTTCTTC TCCAGTTCCA 60
1 Hkk( 60
1 60

61 AGGTTCGTTA GCCGGAATCT TTCTCGAAAA ATTGATCGTA AGCCATGGGA AAATCTTACC 120

61 CAT*Ax 120
61 CAT*A* 120
MG K S Y
ORF

Fig. 4 7 X% 5 WD APX BB %2 ETe cDNAS® Liittk o AL 5

a: TUEVaVR, b:TAHAREATIVBIOY A a R, c:B/MAR-1BIOMIIFA

k=4
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ABSTRACT

The nucleotide sequence was determined for a ¢cDNA
encoding Adzuki bean [Vigna angularis (Willd.) et H.
Ohashi; var. Erimoshouzu] ascorbate peroxidase (VaAPX).
VaAPX detoxifies peroxide, a cytotoxin, using ascorbate as a
substrate. The VAAPX open reading frame was 1,076bp, from
which the number of amino acids and the molecular weight
were inferred to be 250 and ca. 27,000Da, respectively. The
Adzuki bean APX had 98% amino acid homology with
cowpea, 95% with soybean, and 92% with pea. In addition,
c¢DNAs coding for APX were prepared from initial leaves of
five different varieties of Adzuki beans were compared. The
result revealed the following: (1) the sequence of var.
Erimoshouzu at bases 6-10 upper from the Open Reading
Frame (ORF) of APX gene was “TGCTA”, whereas those of
the other four varieties were “AGTAC” and (2) vars.
Erimoshouzu, Buchisyouryukei-1, and Toyomidainagon had
a “T” at base 61, whereas vars. Akanedainagon and

Sahoroshozu had a “C”.

Keyword : Ascorbate peroxidase(APX), Ascorbie acid,cDNA,
Adzuki bean

Res. Bull. Obihiro.,27(2006):31 ~37
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SEREAD Verticillium dahliae Klebahn (2 - TH|
TRIINDFETH Y, HHEEREFFEEE LT~
b TR HA AT EOERRAEI IR R IR B I
ELUTEEICRAL, MEERROBELIK T SE, F5
EL X OWREERHR R LT S T ERRIFEE &
LTHbINTWD (LIRS, 1980), V. dahliae Tt
HCRR N E R T E EWMNERE LTEFT S
Z Ao, BiRNEE R E TH S (BRI

R

1983 ; JRH &, 1997 ; Tjamos et al., 2004 ; Dong et
al., 2005), F7=. #wfE - KPS TIEBLBRZIE D BLALIZ <

<. HESAFANC L2 HEEENARITH DA, 5
< AZEBIEEAN 72 5 2 e L b IEMECh 5, BIETIX
TEEHFEA DX A N AR HWIZBIERIE T, FEiE S
NTWD (A5, 2001a, 2001b; fAEF 5, 2001a, 2001b),
L L, ABIZXHT DL eMEOmCRER AR 2 1
HEL TN ) ZTREE D720, ZhiCEb D BikRE
&L THTIMAED I &2 W2 AR OMSLITK &
IR BTN D ORIE 51988 58 5. 1997)
Jo3 B AT B 2 DTG VE 2 R T AE W XS HLis e &
MEEN TR Y | FETTEDIT R ORMA B & D
BT D Z LN TE D20, ZhE AW TZRED
EBA BRI A E TRA STV S (Barranco et al.
2002 ; JBER &
NN 1996), 4 EIDOHFZET
A2 BB FFAEMRIKRE Verticillium lecanii V37 7
FAVE, aFU T IR EDER (Hall, 1984) 7217
TR, D EATIHE, SOWE 2 & O Iw R
1996) 1 b FAEM AR H A iAw
Thbd, ZD V. lecanii DFEZFIHL T, 777 A
S JAIZ VERTREC, 7> Y =55 2 HIIZ MYCOTAL 735EE
ARG & LTT U AZ T4 7 A = A4k (L
WA T e an— ) K0 RFESh T D, 72,
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FHRR DB SN2 LIk | BIFICR T 28 HOFHE
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PEERT Z IR SN TN D b OO, I IFHIR #
IR DBIBREM & L CIIIRE S Tnany, £ 2 TR
WFFE L, WEIRIEE V. dahliae |2 X > CHIE R Z X
NHXAarNN—=7 4y NBAHILT K

Karagiannidis et al., 2002 ; 1997 ;

1995; Verhaar et al.,

(Verhaar et al.,

/INHLIETE -
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HEFEE, Ay NY720 1 RRICHIBIE L7z, 14 AR, K

FEREMAEN PN RED L A 3 N"—=FT 4 ) T LR

(Lecanicillium spp.)

41
R = A TS AP ISRy N =¥ APVt 711715

RIRNRLHET HEBO L4200 FE THD, £ORIT K
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FE IR D AR E e & R E &2 JE L7z,

Bl 5
REEBBAEM SRR OB (BAR 2 1) 2B\ T
200547 H 14 A5 9 H 9 BIZHNT TRl & 520 L 7=,
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Fig. 1  Effect of treatment with V.lecanii on disease incidence of Verticillium black spot of
Japanese radish under greenhouse condition. Disease severity was calculated as follow.
Disease severity=X(number of chlorosis leaves/number of all leaves)x100. Means

designated with the same letter are not significantly different as determined by the Schffe’s

F test (P<<0.05). Vertical bar indicated S.D.
Table 1 Plant weight, root weight and disease severity of Japanese radish
inoculated with Verticillium dahliae under greenhouse (Experiment 2)
Treatment Average of plant weight (g) Average of root weight (g) Disease severity *
A-2 67.6 ab ** 17.6 ab 3.1 be
B-2 61.4 ab 19.2 ab 2.9 be
C-1 60.6 ab 17.4 ab 28D
cont 894 a 333 a 00a
V.dahliae 546 b 134 b 39¢

*

Disease severity :0= no discoloration; 1=1/5 of the cross root showing discoloration; 2=2/5 of the cross root

showing discoloration; 3=3/5 of the cross root showing discoloration; 4=4/5 of the cross root showing discoloration; 5=full

cross root showing discoloration.
Kk

V. lecanii +387 A< #EIT X BIREINHIHIR (R
v hEBR2)

V. lecanii OBEMINZZ A 3 OEREE LIREE
% Table 1 |Z7R L7z, SR IR H & & 5 R B HMQ
BB L CHERETRDO DR o7, &2TO
V. lecanii BMRAFLKIZIWTRKRER, REFILIC
PR B IX L 0 b BEME -T2, V. lecanii AL
PRI X 2N RAT DV T, C-1 AR AN
2.8 LiHEIHI LTI | I BAMALEE & s LT
HipAEzR LTz (Table 1), 7o, A2 B KL UB-2 LBt
PRV S B HEAL B & bl L TR R R R TR b
MoTA, WL IRRE L 0 E A LT,

Means designated with the same letter are not significantly different as determined by the Schffe’s F test (P <<0.05).

V. lecanii DRI « ARMEEHR (Ry MR 3)

FEIFIZOWTIE Fig.2 IRLTZLIIC, £2TO /.
lecani 1 FRRALER KT 330 N T i B MULEE X & A 7e
ZEDFRD BT, FRIZ B-2 AELR S 24. 9% & B b Ml
LTHEY . B HEMABX (41.8%) OKIN3ITHIN
A L. BB R A R LT,

RER - RERIC OV L Table 2 IZR LTz, &2T
D V. lecanii BMALELXIZIWNT, RFHEE - RE &
WITPHE 22T O bR o, LA L, RERZTIE
2aF-30 ALERX. (0.97g) MMEALEEX (0.91g) % kAo
77
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Fig.2 Effect of treatment with V.lecanii on disease incidence of Verticillium black spot of Japanese radish
under greenhouse condition. Disease severity was calculated as follow. Disease
severity=X(number of chlorosis leaves/number of all leaves)x100. Means designated with the
same letter are not significantly different as determined by the Schffe’s F test (P<<0.05). Vertical
bar indicated S.D.
Table 2 Effect of Verticillium dahliae inoculation to plant weight and
root weight of Japanese radish under greenhouse (Experiment 2)
Treatment Average of plant weight (g) Average of root weight (g)
A-2 16.3 0.87
B-2 13.2 0.74
Cc-1 13.3 0.77
2aF30 141 0.97
AaF101 13.3 0.89
cont 16.3 0.91
V.dahliae 134 0.81
NS * NS
* NS: not significant according to ANOVA F-test .
B 5 AR P A AL X & B U | FE A M R 23 2 B 4L

Table 3 |2 V. lecanii OBEMRBNCESE Rl 24
A A DORREREL IOMREREL R LT, B TOEKX
ISR TR R B FALER K & bl L CAH B R EILR O
LIV V. lecanii OWIKE T b I EEFEEDR
Drolz A-2 LERIX (934.9g) & i b ARA - T B-2 JLBR X

(856.1g) T 178.8g DEH R LTz, ‘FHMERTIE, K
oz A2 JUELX (647.8g) &I bIKA o7z C-1 4L
PRX (600. 0g ) DFEIL 47.8g Th o7z,

72, BIFRBTIERTO V. lecanii BHRRIZEW

T, AERETRD bhienois (Fig 3), LaL,
C—1 ALBR XTI TR 5. 8%, B-2 JLBEX TI1X 9. 4% L &
WBEBRZN R DGR B v Te, RRE I L OMRE & & R
RE L OREMEIT o T,

PASERICBNTIX, V. lecanii HEERIX & i J5 i B
MALER X ORI B2 21X 72 o 7= (Table 3), LAxL
BRI THE 0 BI R NoTebDD, &TD V. lecanii
B RE X073 S B BRX L 0 % P liiE oD > 5 & A
NG Do T,
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Fig.3  Effect of treatment with V.lecanii on disease incidence of Verticillium black spot of Japanese radish
under V.dahliae infested field. Means designated with the same letter are not significantly different

as determined by the Schffe’s F test (P <0.05).

Vertical bar indicated S.D.

Table 3 Plant weight, root weight and marketable root of Japanese radish under V.dahliae infested field.
Treatment Average of plant weight (g) Average of root weight (g) Average of marketable root (%)

A-2 934.9 647.8 59.5

B-2 856.1 609.3 58.2

C-1 861.3 600.0 56.9
2aF-31 920.1 629.7 58.1
2aF-43 868.8 615.1 54.2
V.dahliae 888.8 634.5 51.1
NS * NS NS

* NS: not significant according to ANOVA F- test.

=

V. dahliae \330% < OWEMICEN, FiE. MR E
R SEZTEZINEORIFERE & LTHbATWD (RHE
5, 1997), b hOTFRADPEHEDL X Y RICHT 8
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2004),,
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EWMELER Verticillium lecanii (Lecanicillium spp.)

ABSTRACT

Seven strains of Verticillium lecanii were tested
for their capacity to control Verticillium
black—spot of Japanese radish caused by Verticillium
dahliae under greenhouse condition and V. dahliae
infested field. The effect of disease suppression
and symptoms suppression with V. lecanii were
investigated. In first greenhouse test, Japanese
radish plant inoculated with V. Jecanii conidia
showed significant decrease in disease severity
compared to those of V. dahliae inoculated control
plant. Especially, the highest protection resulted
with B-2, which gave 31.4% protected efficiency. In
second greenhouse test using V. lecanii grown in
wheat bran media, C-1 was more effective than other
fungal treatments in reducing the disease severity.
In field test, the protective effect of B-2 and C-1
were even greater than no treatment. Although A-2 was
irregular in blocks, it showed a tendency to decrease
in disease severity. These results suggest that V.
lecanii has a greater potential as biocontrol agents

against Verticillium black spot of Japanese radish.

Keywords;  black spot of Japanese radish,

Verticillium dahliae, Verticillium lecanii
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Biological control of Verticillium black spot of Japanese radish using
Bacillus spp. and genotypic differentiation of selected antifungal Bacillus

strains with antibiotic marker
Ayako Kawai'?), Kaori Kusunoki’), Daigo Aiuchi 13) Masanori Koike"*, Masayuki Tani "’ and

Katsuhisa Kuramochi "’

(Received: April 28,2006)
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ABSTRACT

Bacillus species can form endospores and have broad-spectrum activity of their antibiotics. For that
reason, they offer several advantages over other bacteria for protection against root pathogens. This work
was intended to determine the ability of Bacillus spp. to inhibit Verticillium dahliae. First, antagonistic
activities of Bacillus spp. were studied in greenhouse trials. These results suggest that the bacterium can
control soil-borne diseases. Secondly, to investigate the situation in a culture environment, Bacillus spp.
were examined for their activity to control Verticillium black spot of Japanese radish and plant-growth
promotion rhizobacteria (PGPR) effects in a field. After 2 months, these bacteria reduced Verticillium
black spot of Japanese radish. The disease severity of those Biological Control Agent (BCA) treatments
was less than in the pathogen control treatment. Furthermore, the plants treated with KB-3 showed the best
PGPR effect. Field conditions show that Bacillus spp. isolate KB-2, KB-3 is a potential BCA against V.
dahliae.

Subsequently, to select bacteria that are able to more control disease and more colonize in the plants and
which facilitate recovery from soil and plants, Bacillus spp. were isolated from roots and were made
resistant to ampicillin using UV irradiation. In all, 17 ampicillin-resistant mutants were tested for inhibition
V. dahliae and F. oxysporum in vitro. Five bacteria isolates displayed inhibitory effects on FOM. All
bacteria isolates indicated high antibiotic activity on V. dahliae. Then, to investigate the molecular
characterization of all isolated strains of Bacillus spp., PCR amplification of the 16S-23S rDNA intergenic
transcribed spacer (ITS-PCR), restriction fragment length polymorphism of the ITS-PCR (ITS-PCR RFLP),
and enterobacterial repetitive intergenic consensus-PCR (ERIC-PCR) were conducted. The ITS-PCR and
ITS-PCR RFLP results suggest that KB-1 and strains of isolated from KB-1 were identical. Furthermore,
those of the strains of KB-2 were also identical. However, KB-3 and all strains of isolates from KB-3 were
different by ITS-PCR RFLP. Results suggest that the strains of isolates from KB-3 resembled those of

Bacillus JBEIZ & 52 A =2 2 BAJFOEMVIER & FUAEWEMNNE~ — 0 — &2 5 U255 B O B SRR

KB-2. Using ERIC-PCR, 20 strains of Bacillus spp. could be distinguished.

Keywords: Bacillus spp., Biological control, Verticillium black spot of Japanese radish, Verticillium

dahliae

INTRODUCT ION

Japanese radishes (Raphanus sativus L. var. longipinnatus
L.H.Bailey) are important products of Hokkaido, Japan
because that area’s cool climate is amenable to their
production. However, soil-borne diseases occur often as a
result of this characteristic regional feature. Verticillium
black spot of Japanese radish by Verticillium dahliae causes
yield losses in Japanese radishes in Hokkaido, especially in
its occurrence was reportedfor the first time (Kitazawa and
Suzui, 1980). Once Japanese radishes are infected, external
symptoms are slight, but black lesions occur in the vascular
system and root qualities are reduced considerably. V.
dahliae is a commonly reported soil-borne fungal pathogen

infecting several crops (Alstrom, 2001; Mercado-Blanco et
al., 2004; Garmendia et al., 2004; Tjamos et al., 2004;
Tahmatsidou et al., 2005). The pathogen can survive for 14
years or more in soil as microsclerotia, which are small,
multicellular and melanized structures (Soesanto et al.,
2001). Microsclerotia of V. dahliae that develop in
senescing tissues of the dead plant might persist in soil for
several years. Therefore, chemical control is nearly
impossible (Berg et al., 2001). For that reason, it is difficult
to control this soil-borne plant pathogen.

Application of agrichemicals and use of resistant cultivars

have been developed to control soil-borne pathogens.
However, harmful effects to the environment and humans
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might result from those countermeasures. For that reason,
soil disinfestation by steaming or fumigation is often used
to control diseases on several crops. Methyl bromide, the
most widespread soil fumigant, was banned in 2005
because it was detected in high concentrations in the earth’s
stratosphere (Noling, 2002). Consequently, an urgent need
exists to develop ecologically compatible alternative
methods. Some methods, such as soil solarization, irrigation
(Katan, 1996), and crop rotation (LaMondia et al., 2002)
are culture methods that are used for management. In
addition, biological control is the active object of study in
this field (Whipps, 2001; Emmert et al., 1999).

As biological control agents (BCAs), Bacillus species
offer great potential benefits because of their ability to form
endospores and because of the broad-spectrum activity of
their antibiotics. Endospores have suitable features for use
as BCA for structures that are capable of surviving
desiccation, heat, oxidizing agents, and UV and [J radiation
(Setlow, 1995; Nicholson, 2002). These characteristics
allow for long-term storage and easy commercialization
(Brannen and Kenny, 1997). Bacillus spp. produce a broad
range of antibiotic compounds that are inhibitory to many
plant pathogens (Silo-suh et al., 1994). Because antibiotics
are produced from Bacillus, iturin A is widely known for its
strong antifungal activity. It is a valuable antifungal agent
that is known for its broad spectrum and low toxicity (Grau
et al., 2001); surfactin is well known as a potent
surface-active agent and as an antibiotic (Hiraoka et al.,
1992). Furthermore, the species of Bacillus as plant
growth-promoting rhizobacteria (PGPR) are beneficial
native soil bacteria that colonize plant roots and engender
improved plant growth (Kokalis-Burelle et al., 2006).
Therefore, isolates of Bacillus have shown the capacity to
control various plant diseases, e.g., damping-off of alfalfa
seedlings (Handelsman et al., 1990), sugar beet cercospora
leaf spot (Collins and Jacobsen, 2003), mummy berry
disease (Scherm et al., 2004), and gray mould disease
(Toure et al., 2004).

The first objective of this work was to evaluate the effect
of Bacillus spp. as BCA in the control of Verticillium black
spot in the greenhouse and in the field.

A greenhouse experiment was conducted in 2005 to
evaluate antagonistic activity of Bacillus spp. to V. dahliae
(unpublished data). Eggplants were used as the object plant.
Results of this study show that some plants were diseased,
but others exhibited controlled disease. Bacilli that more
controlled disease and more colonized plants were selected:
endophytic bacteria were isolated from roots of plants that
controlled disease  exceptionally. This endophytic
relationship between the antagonistic bacterium and fungus
and the plants suggests possibilities for biological control
(Wagner and Lewis, 2000; Cao et al., 2005). In many
studies that were conducted, endophytic bacteria were
considered as candidate BCAs. Nejad and Johnson (2000)
showed that suppressing vascular wilt diseases is possible
and can involve induced resistance to soil-borne pathogens.

Study of the diversity of antifungal rhizobacteria using
fingerprint techniques is important not only useful for

elucidating their ecological role in the rhizosphere, but also
for characterization of biological control agents for (i)
registration and patenting biological control strains, (ii)
recognizing the strains, (iii) quality checking during
production, and (iv) ecological characterization
(Lemanceau et al., 1995; Marten et al., 2000). Therefore,
ITS-PCR and ITS-PCR RFLP methods were used to study
whether the strains of isolates were Bacillus spp.
Furthermore, genotypic diversity among the isolates was
characterized by molecular fingerprinting methods using
ERIC-PCR. It has been applied for typing of various
Bacillus strains and B. subtilis (Shangkuan et al., 2000).

The secondary objectives of this work were (i) to select
endophytic bacteria from roots and to evaluate their
antagonistic activity to soil-borne plant pathogens (ii) to
study genotypic differentiation of isolated Bacillus spp.

MATERIALS AND METHODS

2.1 Biological control of Verticillium black spot of
Japanese radish

2.1.1 Microbial cultures

Plant pathogenic V. dahliae Kleb. (TS-21) obtained from
an infected Japanese radish at Memuro in Hokkaido were
used. The pathogenic fungi were cultured in darkness at
25°C for two weeks on PDA plates. These strains were then
grown in moist gardening soil and wheat bran (4:1,w/w) for
two weeks.

Three strains of Bacillus spp. were provided by Kiyomoto
Bio. Co. Ltd.: Bacillus subtilis (KB-1), Bacillus subtilis
(KB-2), Bacillus vallismortis (KB-3). One commercial
preparation was stored at potato dextrose agar (PDA) slants
at 4°C. For use, the bacteria were grown in darkness at
25°C for 7 days on a No. 802 (10 g polypepton, 2 g yeast
extract, 1 g MgSO + 7H,0, 15 g agar, per liter) plate. For
application, the bacterial inocula were grown in No. 802,
except agar, using a rotary incubator (37°C, 24 h, 390 rpm).
Later, the bacteria were cultured in wheat bran media and
5% molasses water (1:1, w/w) for 14 days; then they were
dried completely in a tray (ca. 1 x 10% CFU/ml).

2.1.2 Greenhouse experiment 1.

First, three Bacillus strains (KB-1, KB-2, KB-3) were
evaluated for control of V. dahliae performing with
Japanese radish (Raphanus sativus L. var. longipinnatus
L.H.Bailey) cv. “TAKAMIYA”, susceptible to V. dahliae,
under greenhouse conditions. One seed was sown in a jiffy
pot (6 cm diameter; Sakata Seed Co.) filled with culture soil,
then five pots were placed on a plastic tray. After seven
days, 1 g of each Bacillus spp., which was cultured as
described above, was inoculated around the plant stem.
Four days later, 100 g of soil containing V. dahliae (5%)
was put in a plastic tray. No-bacteria inoculation plots and
non-treated antagonist and soilborne fungi plots were
prepared as controls. The experiment was repeated three
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times. The disease rate, expressed as a percentage of
diseased leaves over the total number of leaves per plant,
was observed for 30 days after V. dahliae inoculation.

2.1.3 Greenhouse experiment 2.

Plants were grown until germination in jiffy pots filled
with culture soil. Each isolate of Bacillus was inoculated as
described in 2.1.2. After six days, three jiffy pots were
transplanted to 21 cm pots containing soil from a polluted
field at the bottom of the pot and soil containing V. dahliae
(5%) on the top. Non-inoculated plants and soil served as
controls. These plants were grown for 60 days in a
greenhouse. Afterwards, disease symptoms were assigned
rankings according to a six-grade evaluation system. Fresh
plant weight and fresh root weight were measured to
evaluate plant promotion effects.

2.1.4 Field experiments

For evaluating plant disease suppression, three bacterial
strains were tested in field experiments. The method of
bacterial inoculation was 1 g of each Bacillus put on the
bottom in a jiffy pot and filled with gardening soil. Two

seeds were then planted and at once transplanted in the field.

After germination, buds were thinned.

The experimental design was a complete randomized
block with five replications for each bacterium. A field of
about 19 m x 12 m consisted of nine ridges. A ridge of
about 10 m X 1 m included six plots. Each plot was 50 cm
wide and 3 m long; 15 Japanese radish seedlings were
planted in each jiftfy pot transplanted in plots at intervals of
20 cm. Planting was done on 26 July and harvesting on 9
September 2005.

At harvest, the incidence of naturally occurring disease in
the field was observed. Furthermore, the attack rate was
assessed: Disease incidence index (%) = (number of disease
individuals)/ (number of all individuals) % 100. Plant
growth measurements including the total and root weight
were taken at harvest. In addition, commercialization of
Japanese radish was estimated.

2.2 Isolation of bacterial antagonists

2.2.1 Isolation of endophytic bacteria from plant

To select bacteria that are better able to colonize in plant
tissues and better control diseases, Bacillus spp. were
isolated from internal tissues of eggplant roots. The plants
had been used for evaluating antagonistic activity to V.
dahliae in another experiment the previous year
(unpublished data). Plants that indicated a high control
effect were selected.

The bacteria were disinfected individually by soaking each
in 70% ethanol for 1-2 min, followed by immersion in 5%
sodium hypochlorite for 20-30 min. They were then rinsed
three times in sterile distilled water and dried in hard filter
paper. Finally, they were put on PDA and No. 802 and
incubated in darkness at 25°C. If a colony appeared colony,
it was purified on No. 802 and judged as Bacillus or not by

their appearance.
2.2.2 Selection of ampicillin resistant Bacillus strains

A key to progress in the field of biological control to
protect plants against soil-borne pathogens is to understand
the interaction between biological control agents and
pathogens in the rhizosphere. Isolates of bacteria were
varied with UV  irradiation and selected an
ampicillin-resistant mutants to facilitate recovery from soil
and plants. Ampicillin-resistant mutants of each strain were
generated using the method described by Bacon and Hinton
(2002).

A collection of 20 bacterial isolates (strains of origin to
KB-1 were 7, KB-2 were 9, KB-3 were 4) were cultured on
No. 802, except agar, in a shaking incubator for one day. All
bacterial isolates were irradiated under UV light for 30 s, 1
min, and 2 min; they were subsequently applied on No. 802
supplemented with 50 pg/l of ampicillin at 37°C for one
day in an incubator. The experiment was replicated five
times. Therefore, ampicillin resistant bacterium were
obtained and cultured on No. 802 supplemented with 100
pg/l of antibiotic. Thereby, 17 isolates of bacterial strains
were recovered. The isolates comprise 10 strains of origin
to KB-1 (1-A, 1-B, 1-C, 1-D, 1-E, 1-F, 1-G, 1-H, 1-I, 1-]), 4
strains of origin to KB-2 (2-A, 2-B, 2-C, 2-D), and 3 strains
of origin to KB-3 (3-A, 3-B, 3-C).

2.2.3 In-vitro inhibition of phytopathogenic fungal
mycelial growth by Bacillus spp.

A collection of 17 bacterial isolates was used for
evaluation of in-vitro antagonistic activity against V. dahliae
and Fusarium oxysporum on PDA. In this study, F
oxysporum f. sp. melonis (FOM) (race 0) was used.

All Bacillus strains were increased on No. 802, except
agar, using a shaking incubator (37°C, 24 h, 390 rpm). After
incubation, a suspension of Bacillus spp. was dropped on
PDA and agar discs of V. dahliae or F. oxysporum placed on
identical plates at 3 cm intervals. Zones of inhibition were
measured after one week (FOM) or three weeks (V. dahliae).
The trial was replicated three times.

To evaluate spore germination suppression, 17 isolates of
Bacillus spp. were dual cultured with soil-borne pathogens.
Bacillus spp. was cultured as described above. The V.
dahliae and F. oxysporum were cultured in PDB for 2
weeks and adjusted to 1 x 10° spores/ml using a
hemacytometer. Then, 0.2 ml of suspension was spread on
PDA and cultures of six isolates of Bacillus spp. were
dropped in a circle. Inhibition zones were measured after 7
days’ incubation at 25°C. This trial was replicated five
times.

2.3 Genotypic differentiation of Bacillus spp.
2.3.1 DNA extraction

Three strains of Bacillus and 17 isolates of
ampicillin-resistant mutants were cultured as described
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above. Then, 1.0 ml of bacterial suspensions was
centrifuged at 4000 g for 5 min and the supernatant was
removed. Cell pellets were resuspended in 0.5 ml of sterile
distilled water and boiled for 15 min. After centrifugation at
3500 g for 3 min, 1 pl of supernatant fluid was used as
template DNA in PCR assay (Li and Mustapha, 2002).

2.3.2165-23S rDNA ITS-PCR

Amplification of the 16S-23S ITS region was carried out
as described by Ouoba et al. (2004): 25 pl of the reaction
mixture containing 1 pl of DNA template, 2.5 pl of 10x
PCR buffer (100 mM Tris-HCL, pH 8.3, 500 mM KCI, 15
mM MgCl, and 0.01% gelatin), 0.5 pl of dNTPs (10 mM
dATP, 10 mM dCTP, 10 mM GTP, 10 mM TTP), 1 ul of the
forward primer 16S-1500F (50 pmol/ul) (5'-AA G TC GTA
ACA AGG AA-3’), 1 pl of the reverse primer 23S-32R (50
pmol/pl) (5'-GCC ARG GCA TGG ACC-3’), 0.25 units of
Taq polymerase (Sigma Genosys Japan Inc., Japan), and
18.75 ul of autoclaved Milli-Q water were used. Negative
controls (no DNA template) were included in each trial to
clarify that no contamination by DNA or reagents occurred.

The cycling program was started with an initial
denaturation at 94°C for 5 min followed by 10 cycles of
denaturation at 94°C for 30 s, annealing at 48°C for 30 s,
and elongation at 72°C for 30 s. Then, we performed 25
cycles of denaturation at 94°C for 30 s, annealing at 55°C
for 30 s and elongation at 72°C for 30 s. The PCR was
ended with a final extension at 72°C for 7 min. The
amplified product was cooled at 4°C using a thermal cycler
(iCycler; Bio-Rad Laboratories Inc., CA, USA).

To visualize the DNA fingerprint, 3 pul of amplification
products were separated by electrophoresis in 2.0%
agarose-TBE gels in 2 h 20 min at 50 V and visualized after
staining with ethidium bromide under UV.

2.3.316S-23S rDNA ITS-PCR-RFLP

ITS-PCR-RFLP analyses were also performed as
described by Ouoba et al. (2004). Each 5 pl of PCR product
was digested for 16 h at 65°C by mixing 1 pl of NE buffer
for Taq (10%), 1 pl of bovine serum albumin (BSA 100x),
and 0.38 pl of Taq (TaKaRa Holdings Inc., Japan). The
final volume was adjusted to 10 pul using sterile water. The
DNA fragments were separated by applying 4.5 ul of each
PCR product with 1 pl of loading buffer to 3% agarose gel
for 4 h at 35 V. A 100 b DNA ladder (Takara) was used as a
molecular size marker. The gel was soaked in ethidium
bromide solution and DNA was visualized under UV light.

2.34 ERIC-PCR

To distinguish among all strains of Bacillus, ERIC-PCR
was carried out using the ERICIR primer (5'-ATG TAA
GCT CCT GGG GAT TCA C-3’) using methods described
by Versalovic et al. (1991). The reaction mixture (25 pl
volume) contained 2.5U of Taq polymerase, 2.5 ul of PCR
buffer (10x), 0.5 pl of dNTPs, 1 ul of single primer, and
Milli-Q water. We included negative control of

contaminants in the reagents and reaction mixture.
Amplification was performed using a thermal cycler with
temperature ramping as follows: 95°C for 3 min to denature
the template; 40 cycles of 94°C for 1 min, 50°C for 1 min,
and 72°C for 2 min; and final incubation at 72°C for 10 min.
Finally, 3 ul of amplification products with 1 pl of loading
buffer were separated using agarose gel electrophoresis in
2.0% agarose gels in 2 h 20 min, and visualized using UV
light.
RESULTS

3.1 Greenhouse experiment

The first experiment in the greenhouse showed the
suppressive effect of three isolates of Bacillus on
Verticillium black spot caused by V. dahliae, as shown in
Fig. 1. All bacteria strains exhibited restrained disease
incidence; three isolates of Bacillus and V. dahliae control
showed statistically significant differences. Of them, KB-3
was the most efficient, by approximately 30%, in reducing
disease severity in V. dahliae -inoculated plants.

70 1
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disease incidence index (%)
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0
KB-1 KB-2 KB-3 Cont P.Cont

treatment
Fig. 1. Effect of Bacillus spp. in controlling Verticillium black spot

under first greenhouse condition.  Vertical bar indicates S.D.

Table 1. Comparisons of efficacy of biological control agents in
control of V. dahliae, fresh plant weight and fresh root
weight under second greenhouse conditions.

Treatment DS Fresh plant Fresh root
(0-5)* weight weight
(g/plant) (g/plant)

KB-1 3.1a 53.6a 12.6a
KB-2 3.7a 61.6ab 19.1ab
KB-3 2.9a 59.2a 16.7a

V. dahliae 3.9a 56.8a 14.3a
control 0b 89.4b 33.3b

Means designated with the same letter are not significantly
different as determined using Scheffe’s F test (P<0.05).
*Scale 0—5 where: 0, healthy root; 1, about 20% of roots infected;
2, about 40% of roots infected; 3, about 60% of roots
infected; 4, about 80% of roots infected; 5, 100% infected

In the second greenhouse study, three strains of Bacillus
inoculation reduced disease symptoms in comparison with
the untreated control (Table 1). Lesions on Japanese
radishes treated with Bacillus spp. were smaller and less
severe than those of Japanese radishes that had been treated
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with V. dahliae alone. Superior disease control was obtained
when KB-3 was applied. Furthermore, KB-2 and KB-3
inoculation increased plant flesh weight and plant root
weight compared with the untreated control (Table 1).
However, no treatments showed statistically significant
differences.

3.2 Biocontrol of Verticillium black spot under field
conditions

Three strains of Bacillus reduced disease incidence in the
field experiment after 2 months (Fig. 2). Especially, KB-2
was the most effective against Verticillium black spot in
three strains of bacteria. This strain showed 19% protection
efficiency. Furthermore, KB-1 and KB-3 also showed
suppressive effects against V. dahliae. These results suggest
that these strains of Bacillus offer the potential for use as
BCAs against soil-borne plant pathogens. However, no
treatments showed statistically significant differences.

60
50
40 t
30 -

20

diseae incidence index (%)

KB-1 KB-2 KB-3 Cont.
treatment
Fig. 2. Efficacy of three isolates of Bacillus in control of
Verticillium black spot in a field experiment. Vertical bar
indicated S.D.

Table 2. Efficacy of biological control agents in fresh plant weight,
fresh root weight and commercialization rate.

Treatment Fresh plant  Fresh root Commercial-
weight weight ization
(g/plant) (g/plant) rate (%)
KB-1 883.3 561.8 51.4
KB-2 880.2 599.7 57.3
KB-3 946.0 649.8 64.2
Verticillium 888.8 634.5 52.0

Effects of antagonistic treatment on plant fresh weight,
root fresh weight, and the commercialization rate of
Japanese radish are listed in Table 2. Results of KB-3
inoculation suggest that it presents the possibility for PGPR.
However, no significant difference from the control
treatment was found in any treatments of Bacillus spp.
inoculation.

3.3 PCR analysis

To classify the isolates, ITS-PCR and ITS-PCR RFLP
were used. Using ITS-PCR, KB-1 and 10 strains of isolates
from KB-1 were characterized by two bands of 456 and 282
bp (Fig. 3). Of those, 1-I and 1-J showed a slight difference
from two additional bands, but it was not always
reproducible. Three strains of isolates from KB-2 were
characterized respectively by three bands of 456, 342 and
282 bp (Fig. 4). Also, KB-2 showed only a band of 282 bp,
but in another experiment, other bands appeared (data not
shown). Three others, KB-3, 3-A and 3-B, were
characterized by three bands as well as the strains of
isolates from KB-2 (Fig. 4). Also, 3-C showed only a band
of 282 bp, but in another experiment, the remaining two
bands appeared (data not shown). Using ITS-PCR RFLP
(Fig. 5) KB-2, 2-A, 2-B and 2-D showed four bands of 339,
233, 159 and 154 bp. In addition, 3-A and 3-C showed the
same bands as strains of KB-2, but KB-3 showed four
bands of 275, 233, 159 and 154 bp. The strains of isolates
from KB-1 showed 233, 159 and 154 bp (Fig. 6). However,
another band was not clearly evident despite repeated
attempts.

Fig. 3. Agarose gel of ITS-PCR products of strains selected from
KB-1.Lanes 1,2, 3,4,5,6,7,8,9, 10: KB-1, 1-A, 1-B, 1-C,

1-D, 1-E, 1-G, 1-H, I-I, 1-J, respectively.
Lane m, 100 bp DNA ladder

Fig. 4. Agarose gel of ITS-PCR products of isolates of Bacillus.
Lanes 1, 2, 3,4, 5, 6, 7, 8, 9: KB-2, 2-A, 2-B, 2-D, KB-3,
3-A, 3-B, 3-C, 1-F, respectively. Lanes m, 100 bp DNA
ladder

Fig. 5. Agarose gel of ITS-PCR RFLP products of strains of isolates
from KB-2 and KB-3. Lanes 1, 2, 3,4, 5, 6, 7: KB-2, 2-A,
2-B, 2-D, KB-3, 3-A, 3-C, respectively. Lanes m, DNA
size marker
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ml 2 3 4 5 6 7 8B

Fig. 6. Agarose gel of ITS-PCR RFLP products of strains of isolates
from KB-1.
Lanes 1, 2, 3,4, 5, 6,7, 8: 1-A, 1-C, 1-D, 1-E, 1-G, 1-H, 1-],
1-J, respectively.
Lanes m, 100 bp DNA ladder

ml 2 % ¢ 56 7 80 101112151416 16 17181920

Fig. 7. ERIC-PCR genomic fingerprints of Bacillus spp. Lanes
1-20: KB-1, KB-2, KB-3, 1-A, 1-B, 1-C, 1.D, 1-F, 1-G, 1-H,
1-1, 1-], 2-A, 2-B, 2-C, 2-D, 3-A, 3-B, 3-C.
Lanes m, 100 bp DNA ladder.

All the ERIC-PCR types of 20 isolated Bacillus spp. were
unique (Fig. 7). Several DNA band patterns were observed.
Sequencing of the 16S rDNA allowed the identification at
KB-1 and all strains of isolates from KB-1. Furthermore,
KB-2 and all strains of isolates from KB-2 were also
identified. However, KB-3 and two strains of isolates from
KB-3 were shown to be different and similar to KB-2 by
their ITS-PCR RFLP results.

3.4 Antagonistic activity of biocontrol agent against
soil-borne pathogens in vitro

Table 3. Inhibitions of hyphae growth in Fusarium oxysporum by

Bacillus spp.
Isolates Inhibition | Isolates Inhibition

KB-1 A - KB-1J +
B + KB-2 A -
C + B -
D + C R
E - D -
F +
G - KB-3 A ++
H - B ++

I + C -

Size of inhibition zone: -, no inhibition zone; +, 0-2 mm; ++, 2-4
mm; +++, 4-6 mm; ++++, more than 6 mm

Fig. 8. Inhibition zone between Bacillus spp. (A, the strain of A
was derived from KB-1, B, the strain of D was
selected from KB-2) and Fusarium oxysporum.

F. oxysporum

Table 3 shows results of in vitro tests of antagonism
toward F. oxysporum, a plant pathogen, using a dual culture
technique on a PDA plate. The inhibition zone surrounding
a colony of Bacillus spp. was identified clearly. The 13
isolates of 20 Bacillus spp. showed antifungal activity
against F. oxysporum. The B ¢ D strains were derived from
KB-2; those of A « B « C that were derived from KB-3
inhibited the growth of FOM significantly (Fig. 8). In
addition, a collection of eight bacterial strains was given the
suppression of spore germination, and especially the strain
of A ¢ B derived from KB-3 displayed greatly inhibited
spore germination (Table 4).

Table 4. Suppressions of F. oxysporum spore germination by

Bacillus spp.
Isolates Inhibition Isolates Inhibition

KB-1 A + KB-17J -
B + KB-2 A -
C + B +H+
D + C -
E + D -+
F +
G + KB-3 A A+
H + B -+

I - C ot

Sign meanings: -, no inhibition; +, inhibition;
++, clear inhibition

V. dahliae

All Bacillus strains suppressed V. dahliae growth
significantly; inhibition zone diameters were greater than 6
mm (Table 5). Inhibition was considerable in the
surrounding a colony of Bacillus spp. (Fig. 9). The 12
isolates of Bacillus spp. controlled spore germination in the
pathogen. The F strain, derived from KB-1, and A, which
was derived from KB-3, were more clearly suppressed to V.
dahliae than other isolated bacteria (Table 6).
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Table 5. Screening for antagonistic activity of Bacillus spp. to V.

dahliae.
Isolates Inhibition Isolates Inhibition
KB-1 A -+ KB-11J -+
B -+ KB-2 A -+
C -+ B +H+
D -+ C -+
E -+ D -+
F -+t
G -+ KB-3 A -+
H -+ B -+
1 -+ C -+

Size of inhibition zone: -, no inhibition; +, 0-2 mm;
++, 2-4 mm; +++, 4-6 mm; ++++, more than 6 mm

Fig. 9.

Inhibition zone between Bacillus spp. (A, the strain  of
A was selected from KB-1; B, the strain of D was
derived from KB-2; C, the strain of A was derived from
KB-3) and \Verticillium dahliae.

Table 6. Inhibitions of spore germination in V. dahliae by Bacillus

spp.
Isolates Inhibition Isolates Inhibition
KB-1 A + KB-11J +

B + KB-2 A -

C + B -

D - C -

E - D +

F ++

G + KB-3 A ++

H + B +

1 + C +

Sign meanings: -, no inhibition; +, inhibition;
++, clear inhibition

DISCUSSION

This paper reports the usefulness of three strains of
Bacillus spp. of our laboratory for suppression of
Verticillium black spot. Two greenhouse studies and a field
study were conducted to analyze control effects.

In the first pot assay in a greenhouse, all isolates of
Bacillus reduced leaf wilting significantly in comparison
with V. dahliae-inoculated specimens. Three strains of
bacteria that reduced symptom development reached
18-26% compared to treatments with no bacteria.
Particularly, the Bacillus sp. isolate KB-3 suppressed
diseases caused by all bacteria.

The second greenhouse experiment showed nearly healthy
Japanese radish plants in bacterium-inoculated plots, but all
plants in V. dahliae inoculated plots showed disease.
Bacillus spp. showed suppression effects against V. dahliae,
but the difference from control plants was not significant.
We infer that the high density of the pathogen population
used this study caused this result. Despite that situation,
KB-3 better suppressed disease occurrence by about 20%
than pathogen inoculation. Because the goal was to control
disease symptoms in plant roots, these results suggest that
Bacillus can colonize in roots and suppress V. dahliae.
Several works indicate that colonization behavior of BCA is
related to modes of disease suppression (Islam et al., 2005).

These results indicated that three strains of Bacillus spp.
present the possibility for control soil-borne plant
pathogens. Other works report that Bacillus subtilis were
able to suppress wilt diseases of maize (Cavaglieri, 2005)
and damping-off of tomato and cucumber (Kita et al., 2005).
In addition, the ability of PGPR in growth promotion and
resistance induction in various crops is well known and
many studies have been conducted (Guo et al., 2004; Ji et
al., 2006). Therefore, Bacillus spp. are adequate bacteria for
commercialization as BCA. The experiment was conducted
in a field that resembles that of an agricultural system to
reflect this method’s potential use for commercialization.

In the field trial, reduction in symptom development of
18.6% was achieved by inoculating KB-2 and 15.3% by
KB-3 compared to untreated controls under V. dahliae
polluted soil. However not all strains of bacteria
significantly suppressed soil-borne plant pathogens.
Moreover, disease suppression and PGPR effects in the
field were not as marked as those observed in the
greenhouse. Because of environmental stresses and various
populations of soil-inhabiting fungi, it might be difficult to
study these phenomena in field conditions (Estevez de
Jensen et al., 2002). Myriad microorganisms live in soil.
Accordingly, competition occurs in the rhizosphere and at
the root surface of plants, which offer suitable
environments for almost all microorganisms and
environmental resources (Cavaglieri et al., 2004). Therefore,
limited important resources and
colonization in proper environments are the primary

competition  for

antagonism mechanisms. Two greenhouse experiments
showed that Bacillus spp. is capable of controlling plant
pathogens. Therefore, future studies should establish a
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greater understanding of the dynamics of applied beneficial
organisms under field conditions to optimize their
application methods and timing. It is also important to
understand the effects of applied biological control strains
on populations of indigenous beneficial bacteria and known
to suppress pathogen establishment and disease
(Kokalis-Burelle et al., 2006).

Ampicillin-resistant Bacilli were selected using UV
irradiation to examine how Bacilli suppress plant disease
pathogens and how much are they colonize soils and plants.
Therefore, this treatment would simplify re-isolation from
soils and plants and facilitate more precise studies. In this
study, 17 strains of ampicillin-resistant mutant of Bacillus
were selected. Bacillus spp. is known to control soil-borne
pathogens because they produce antibiotics that suppress
the growth of competing microorganisms (Asaka and Shoda,
1996). To examine whether Bacillus spp. can control
soil-borne pathogens or not, dual culture inhibition assays
were conducted. All isolates of bacteria were examined for
antibiotic activity; some strains showed excellent effects to
V. dahliae and F. oxysporum. Strains of Bacillus derived
from KB-3 showed better suppression effects to pathogens
than the original bacterium (unpublished data).
Ampicillin-resistant mutants are inferred to show increased
ability to produce antibiotics. Antifungal activity of Bacillus
spp. was resistant to high temperature, a wide range of pH,
and the action of many hydrolytic enzymes (Souto et al.,
2004). These characteristics indicate that mutants might
control plant pathogens not only in a greenhouse, but also
in the field, with its attendant complex conditions.

This study investigated original bacteria and strains of
isolates from roots. The genotypic characterization of
ampicillin-resistant mutants was investigated using
ITS-PCR, ITS-PCR RFLP and ERIC-PCR. Results
obtained by ITS-PCR analyses showed that all strains of
mutant were identity of each of origin bacteria. Interestingly,
B. subtilis (KB-1 and KB-2) and B. vallismortis (KB-3)
showed identical bands. Recent taxonomic studies have
revealed that B. subtilis is heterogeneous and should be
considered as a complex of closely related species (Reva et
al., 2004). Isolates that had been previously classified as B.
subtilis are now recognized as B. atrophaeus, B. mojavensis,
and B. vallismortis. Furthermore, B. subtilis in turn has
been classified into two subspecies: B. subtilis subsp.
subtilis and B. subtilis subsp. spizizenii (Nakamura et al.,
1999). Because B. subtilis and B. vallismortis are
phenotypically similar species, the results of PCR assay
showed no differentiation among species.

Genotypic analyses of the rDNA region have been used to
distinguish strains. RFLP analyses of the spacer region
between the 16S and 23S rDNA gene provides a useful
method for classification within species (Haque and Russell
2005). In this study, the type strain of 3-A and 3-C
originates from KB-3 inoculated plants. However, the
results demonstrated that these strains were assigned
distinctly from KB-3 and similar to KB-2. The strains of
3-A and 3-C were inferred to be Bacillus subtilis, which is
present in soils and colonizes roots. These strains had
higher antibiotic activity to soil-borne plant pathogens than

other strains. For that reason, they are new promising
candidate strains as BCAs and should be examined in vitro
and in a greenhouse.

The molecular typing technique based on the presence of
repetitive DNA sequences that are dispersed throughout the
genome of diverse bacterial species, such as REP-PCR and
BOX-PCR, were used to discriminate various Bacillus
species (Herman et al., 1998; Kim et al., 2001). In addition,
ERIC-PCR was used as an approach based on targeting of
repeated DNA sequences. It was used for characterization
(Shangkuan et al., 2001). The data presented here indicate
that ERIC-PCR can differentiate the isolates of strains. This
result suggests that ERIC-PCR assay enabled classification
of closely related strains of Bacillus isolate and that it can
be useful in greenhouse and field studies as a molecular
ecological marker.

In this study, these results suggest that Bacillus spp. had
the ability to control V. dahliae. However, for practical use,
Bacillus spp. must be more enhanced in their inhibition
effects. Therefore, we hope that studies are conducted to
explore mechanisms for control and the relationship
between BCAs and plant pathogens in the rhizosphere and
endorhizosphere. The application of ampicillin-resistant
mutants will be an effective method in study. This kind of
research has relevance to minimize the use of synthetic
fungicides, thereby contributing to preservation of the
environment.
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ABSTRACT

The effects of the addition of decomposing forest litter, collected from Podzolic soil organic layers (Oi, Oe and Oa)
and Brown Forest soil Oe layers, on the amounts and composition of low molecular weight aliphatic carboxylic acids
(LACAS5) in soils were investigated by incubation experiments for 4 weeks. The total amounts of LACAs were greater
at the beginning of incubation (384 to 1155 pmol kg™"), but decreased abruptly after 1 week, becoming relatively stable
for a period of 1 to 4 weeks (299 to 377 umol kg™). The average amounts (without 0 weeks) of LACAs, especially
acetic acid and citric acid, in soils incubated with forest litter under moderately moist conditions, were smaller than in
the blank soil. Larger amounts of LACAs, especially formic acid, succinic acid, and citric acid, accumulated in soils
incubated with forest litter under slightly wet conditions than in the blank soil. Changes in soil microflora and their
activities induced by the differences in soil moisture conditions and incorporated decomposing forest litter can affect
the balance of LACAs between production and decomposition in soils. Two types of decomposing forest litter
collected from two Brown Forest soils, which are under almost the same vegetation and climatic conditions, but are
from distinctly different parent materials, had nearly similar effects on the dynamics of LACAs. Three types of
decomposing forest litter obtained from three layers of the Podzolic soil, which are substantially different in their
decomposition degree, induced several changes in the composition of LACAs. The findings in the present study led to
the conclusion that the decomposing forest litter derived from the vegetation present, the soil moisture conditions, and

accompanying changes in soil microflora greatly influence the amounts and composition of LACAs in forest soils.

Key words: decomposing forest litter, forest soils, incubation experiment, low-molecular-weight aliphatic carboxylic

acid (LACA), soil microflora
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INTRODUCT ION

It is interesting to evaluate the effects of the dynamics of
low-molecular-weight aliphatic carboxylic acids (LACAs) in
forest soils, which are essential to soil chemical processes
and soil environmental quality (Stevenson, 1967; Fox, 1995).
Most LACAs in forest soils probably are produced and
brought into the soil of microbial metabolism, leachate from

forest litter, and also as root exudates of higher plants (Fox,

1995). In acidic forest soil conditions, LACAs in the soil
solution of O horizons, which consist of decomposing forest
litter, play an important role in the speciation of aluminum
and other metal ions with the ability of forming complexes
(Pohlman and McColl, 1988; Tam and McColl, 1991; van
Hees et al., 1996). LACAs are also thought to exert an
important role on the natural acidity of soils, which is not
negligible (Devévre et al., 1996; Slattery et al., 1998).

Some studies have shown that low-molecular-weight
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organic acids were abundant in litter and soil extracts from
podzolic soils, and these acids were thought to be concerned
with the podzolization process (Fox and Comerford, 1990;
Lundstrom, 1993; van Hees et al., 2000; Bergelin et al.,
2000). Fox and Comerford (1990) have reported that oxalate
concentrations in soil solutions of Spodosols were greater in
the Bh and Bt horizons than in the A horizon. The total
amount of LACAs in the soil-water extract of a Typic
Podzolic soil in Japan was much larger in the O horizon than
in the Bh horizon (Tani et al., 1993). Thus, high
concentrations of LACAs in the O horizons enriched by the
litter decomposed product might be decomposed and/or
immobilized, occurring in the mineral horizons under
"dynamic equilibrium" conditions between production and
decomposition (Huang and Violante, 1986; Lundstrom et al.,
1995; van Hees et al., 2003a; 2003b).

It has been determined from field experiments that the
vegetation and plant materials included in forest litter layers
may play an important part in determining the amount and
composition of LACASs in the mineral horizons of a Podzolic
soil and Brown Forest soils (Tani et al., 1993; Tani and
Higashi, 1999). It is essential to prove the effect of
decomposing forest litter on the distribution of LACAs in the
mineral soil horizons for the further evaluation of the role of
LACAs in forest ecosystems. In this study, the amount and
composition of LACAs in soils incubated with five different
decomposing forest litters under different water regimes
were determined. The viable counts of microorganisms were

also measured to examine the relationship of LACAs

dynamics with soil microflora and their activities.

MATERIALS AND METHODS

Soil and decomposing forest litter samples

The soil sample used for the incubation experiment was
collected from the surface 10 cm of a fallow upland soil. The
soil was a light-colored Andosol (Umbric-Dystric Andosols
in WRB system, 1998), collected at the Agricultural and
Forestry Research Center, University of Tsukuba, Ibaraki
Prefecture, Japan. The soil sample was air-dried and passed
through a 2-mm sieve. The decomposing forest litter samples
were collected from the Oi, Oe and Oa layers of a Typic
Podzolic soil, which has a thick mor-type humus layer and
supports a coniferous forest (Haplic Podzols in WRB system,
1998), and from the Oe layers of two Brown Forest soils,
which are found under almost the same vegetation and
climatic conditions, but are derived from different parent
materials (one from graywacke and another from volcanic
ash). They have relatively thin, mull-type humus layers and
support a typical deciduous forest (Dystric Cambisols and
Fulvic Andosols in WRB system, 1998). A detailed
description of these soil profiles and their vegetation were
given in previous papers (Tani et al., 1993; Tani and Higashi,
1999). The forest litter samples were ground in a coffee
grinder and passed through a 0.5-mm sieve. Their total
carbon and nitrogen contents are shown in Table 1. The C/N
rations of the Podzolic soil humus layers were higher in the
upper Oi layer than in the lower Oa layer, reflecting the
decomposition degrees of forest floor leaves and roots. The
C/N rations of the two Brown Forest soil Oe layers
resembled each other, and were lower than the Podzolic soil

humus layers.

Table 1. Properties of the decomposing forest litter samples.

Soil type Vegetation Layer Depth T-C? T-N? C/N ratio
(cm) (ke

Podzolic soil Coniferous forest Oi +21 - +14 513 14.8 34.6

[Haplic Podzols]® Oe +14 - +4 500 15.6 32.1
Oa +4 -0 461 16.6 27.7

Brown Forest soil 1~ Deciduous forest Oe +4 -0 427 17.9 239

[Dystric Cambisols]

Brown Forest soil 2 Deciduous forest Oe +5 -0 474 20.3 234

[Humic Cambisols]

# Total carbon and nitrogen determined by dry combustion method.

°® WRB system (FAO, 1998)

Incubation experiment

Air-dried soil samples equivalent to 50 g of oven-dried soil
were placed in polypropylene vessels (500 ml) and mixed
with 2.5 g of each of the forest litter samples. Each vessel

was watered with ultra-pure water to maintain the moisture

content of the soil sample at approximately 60 % or 80 % of
the maximum water-holding-capacity (WHC). Vessels
containing soil samples incorporated with decomposing
forest litter were capped with aluminum foil bored to make a

small air hole, and were then left in an incubator for 4 weeks
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at 28 C. Every week, ultra-pure water was added to each
vessel to maintain the initial water content. The soil samples
were served for the analysis of LACAs at 0, 1, 2 and 4 weeks
after incubation. Overnight pre-incubation was conducted as
for the 0 week's samples. Duplicate vessels on a reduced
scale were also prepared to investigate the changes in the
viable counts of bacteria and fungi at the same time. Over
five kinds of forest litter samples were mixed and incubated
at 60 % of the maximum WHC. To investigate the effect of
the moisture content on the amounts and composition of
LACA:s, three kinds of Oe layer samples of each soil type
were added at 80 % of the maximum WHC. Both incubation
experiments under the different moisture conditions included
blank soil samples that were not incorporated with any forest

litter samples.

LACAs analysis

Phosphate buffer (pH 2) was used to extract the
water-soluble LACAs fraction and the weakly adsorbed
fraction (Tani et al., 1993). Incubated soil was extracted with
ammonium phosphate buffer (pH 2), which was added to
each vessel so as to obtain a combined total volume of added
extractants and a moisture level reaching 200 ml. The
procedures used to obtain the crude extract and concentrate,
and to purify the extracted solution, were the same as those
used by Tani et al. (1993), where ten kinds of LACAs,
namely formic acid, acetic acid, propionic acid, butyric acid,
lactic acid, oxalic acid, fumaric acid, succinic acid, malic
acid, and citric acid were identified and determined by

HPLC.

Viable counts of bacteria and fungi

The viable counts of microorganisms were determined by
the dilution-plate method as an index of microbial activity.
Egg-albumin agar medium and rose-bengal agar medium
were used for the counts of bacteria and fungi, respectively

(Committee of Soil Microorganism Research, 1977).

RESULTS

Amount and composition of LACAs

The amounts of LACAs in the incubated soil samples,
where the soil moisture content was maintained at 60 % of
the maximum water-holding-capacity (WHC), as obtained by
the extraction with a phosphate buffer solution are given in

Table 2. Formic acid, acetic acid, and lactic acid were

dominant among the volatile monocarboxylic acids in almost
all the soil samples. The amounts of formic acid ranged from
79.6 to 122.8 umol kg™, being not so changeable throughout
the incubation period as those of the acetic acid. The
amounts of acetic acid were quite variable, ranging from 33.3
to 712.7 pmol kg™, These amounts were generally larger at
the beginning of incubation, and were drastically reduced
after 1 week in the soils incubated with forest litter from the
Podzolic soil Oi and the Brown Forest soil Oe layers.
Propionic acid and butyric acid were less than the other
monocarboxylic acids or not detected. The nonvolatile
dicarboxylic and tricarboxylic acids consisted mainly of
oxalic acid, succinic acid, and citric acid. Sharp fluctuations
were not observed for the amounts of oxalic acid and
succinic acid during the whole period of incubation, and
ranged from 39.2 to 69.6 and from 31.2 to 101.8 pmol kg,
respectively. The pattern of changes in the amounts of citric
acid was relatively similar to that of the acetic acid. They
were the largest in the soil pre-incubated soils at 0 week,
decreasing abruptly after 1 week, and gradually after 2 or 4
weeks.

The total amounts of LACAs in the blank soils and the
incubated soils with forest litter from the Podzolic soil Oi
and the Brown Forest soil Oe layers were considerably larger
at the beginning of incubation at 0 week, since they
contained large amounts of acetic acid and citric acid (Fig. la
and 1b; Table 2). Almost all soil samples incubated at 60 %
of the maximum WHC revealed a similar range of the total
amounts of LACAs at 1 week. At the end of 4 weeks of
incubation, the total LACAS in the incubated soils with forest
litter from the Podzolic soil organic layers slowly increased
like in the blank soil, while those from the Brown Forest soil
Oe layers continued to gradually decrease.

The amounts of LACAs in the incubated soils, where the
soil moisture contents were maintained at 80 % of the
maximum WHC, are given in Table 3. Like in Table 2,
formic acid, acetic acid, and lactic acid predominated among
the volatile monocarboxylic acids in almost all of the soils.
The amounts of both formic acid and acetic acid were not as
variable throughout the whole incubation period, compared
to those in Table 2, and ranged from 85.8 to 124.8 and from
45.0 to 68.6 umol kg, respectively. The amount of acetic
acid was not always larger at the beginning of the incubation
at 80 % of the maximum WHC. The amount of oxalic acid,

which was one of the major nonvolatile acids, ranged from
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Fig. 1. Changes in the total amounts of

LACAEs in soils incubated with or without decomposing forest litter of (a) Podzolic soil (Oi, Oe and Oa layers), and (b) Brown Forest
soils (Oe layers) at 60 % of maximum water-holding-capacity, and (c) Podzolic soil and Brown Forest soils (Oe layers) at 80 % of
maximum water-holding-capacity.

Table 2. LACAs in the incubated soil samples where moisture content was maintained at 60% of maximum water-holding capacity.

Incubation LACAs (umol kg™
Soil samples periods Formic  Acetic Propionic Butyric  Lactic  Oxalic Fumaric Succinic Malic Citric
(weeks) acid acid acid acid acid acid acid acid acid acid
Blank 0 116.0 350.3 9.3 Tr.Y 35.2 50.9 0.7 48.8 3.6 137.1
1 114.2 105.3 N.D. Tr. 17.3 46.5 0.4 37.6 39 81.6
2 84.2 50.4 N.D.* Tr. 14.2 54.8 0.2 342 2.0 77.1
4 105.9 69.7 N.D N.D. 15.6 69.6 0.3 31.2 2.7 78.9
Podozolic soil 0 122.8 556.6 26.1 Tr. 47.7 51.5 1.2 82.1 2.8 170.1
Oi 1 104.7 70.9 14.4 Tr. 14.6 41.7 0.5 374 3.8 82.2
2 85.5 71.8 14.6 Tr. 15.7 442 0.3 37.5 1.9 73.7
4 112.4 72.8 10.8 Tr. 15.5 60.6 0.3 355 2.1 67.3
Podozolic soil 0 91.5 49.8 8.0 Tr. 22.1 50.0 0.4 62.1 1.2 1345
Oe 1 108.5 64.8 10.7 Tr. 13.9 49.9 0.4 43.0 4.1 77.0
2 83.4 445 N.D. Tr. 13.6 47.4 0.2 38.8 1.9 71.9
4 94.7 54.6 9.1 N.D. 13.3 58.7 0.3 41.7 2.3 54.9
Podozolic soil 0 88.0 44.9 N.D. Tr. 17.7 45.9 0.3 51.6 1.5 134.1
Oa 1 102.0 74.1 N.D. Tr. 15.2 39.2 0.4 354 3.8 72.6
2 85.1 39.6 N.D. Tr. 13.8 49.5 0.3 41.2 1.9 73.5
4 93.7 47.8 N.D N.D. 12.2 66.6 0.3 87.1 2.0 51.9
Brown Forest 0 119.0 662.0 Tr. Tr. 26.9 40.5 1.0 92.7 2.0 139.6
soil 1 Oe 1 100.1 53.2 N.D. Tr. 12.7 454 0.4 63.8 3.1 59.0
2 97.4 41.0 N.D. Tr. 9.7 46.4 0.3 59.5 33 57.7
4 82.2 39.7 N.D. N.D. 10.5 56.9 0.2 53.8 2.3 53.8
Brown Forest 0 118.2 712.7 Tr. Tr. 32.0 442 1.1 101.8 3.0 141.7
so0il 2 Oe 1 109.2 57.8 N.D N.D. 13.1 45.0 0.5 82.5 3.6 64.4
2 98.7 434 N.D. N.D. 11.2 49.7 0.3 62.3 2.6 62.3
4 79.6 333 N.D. N.D. 7.3 59.7 0.2 79.9 1.7 46.3

"N.D., no peak detected; "Tr., trace amount

Table 3. LACAs in the incubated soil samples where moisture content was maintained at 80% of maximum water-holding capacity.

Incubation LACAs (umol kg'l)

Soil samples periods Formic  Acetic Propionic Butyric  Lactic =~ Oxalic Fumaric Succinic Malic Citric
(weeks) acid acid acid acid acid acid acid acid acid acid

Blank 0 100.1 46.9 N.D.? Tr” 11.6 54.9 0.3 60.8 2.6 90.9
1 106.9 56.6 N.D. Tr. 11.7 49.4 0.4 69.4 3.2 63.0

2 102.9 62.7 N.D. N.D. 5.5 51.2 0.4 67.8 3.4 66.2

4 85.8 45.8 N.D. N.D. 10.1 70.6 0.2 68.5 2.6 54.5

Podozolic soil 0 111.4 68.6 N.D. Tr. 22.6 54.1 0.4 107.4 2.6 123.0
Oe 1 107.6 65.3 N.D. N.D. 14.8 49.1 0.4 68.6 2.6 63.0
2 107.1 50.9 N.D. N.D. 6.2 54.6 0.4 82.5 3.8 67.7

4 108.0 57.1 N.D. N.D. 7.9 62.0 0.3 68.1 3.8 60.0

Brown Forest 0 118.9 45.0 N.D. Tr. 16.4 57.0 0.4 119.0 3.0 117.3
soil 1 Oe 1 107.3 454 N.D. Tr. 12.6 46.7 0.4 74.7 35 64.4
2 99.7 452 N.D. Tr. 11.0 57.7 0.4 80.7 3.1 61.3

4 105.0 53.7 N.D. N.D. 6.6 75.5 0.4 63.1 3.3 67.6

Brown Forest 0 124.8 46.4 N.D Tr. 14.0 62.7 0.5 122.0 2.5 113.0
so0il 2 Oe 1 103.9 45.8 N.D N.D 11.5 45.6 0.4 75.9 3.0 58.3
2 104.5 59.0 N.D. N.D. 6.9 50.7 0.4 77.1 3.4 63.0

4 103.6 48.9 N.D. N.D. 6.5 71.8 0.4 68.8 3.4 65.4

"N.D., no peak detected; "Tr., trace amount



63

Low-molecular-weight aliphatic carboxylic acids in soils incubated with decomposing forest litter

45.6 to 75.5 umol kg, and was always larger in the soils
incubated for 4 weeks than in those at the beginning of
incubation, 0 week. In contrast, the amounts of abundant
succinic acid and citric acid were larger in the 0 week
incubated soils, and decreased at 1 week. In most of the
incubated soils, the amounts of succinic acid were relatively
larger than those of citric acid, which differed from the
results in Table 2. Thus, different soil moisture regimes can
alter the balance between the production and decomposition
of LACAs, resulting in different compositions of LACAs.
The total amounts of LACAs in the blank soil incubated at
80 % of the maximum WHC barely changed during the
period of incubation (Fig. 1c). The pattern of changes in the
total amounts of LACAs in the incubated soils with
decomposing forest litter closely resembled each other. They
were slightly larger at the beginning of incubation 0 week.
They decreased after 1 week, and remained stable until 4
weeks. The difference between the incubated soils in the

amended forest litter was slight.

Effect of decomposing forest litter and soil moisture regime

It was suggested that the "dynamic equilibrium"
conditions under the production and decomposition of
LACAs had become stable in an earlier stage of incubation.
As a wide variation in the total amounts of LACAs and each
individual acid was observed in the pre-incubated soils at 0
week (Fig. 1), the average amounts of the predominant five
LACAs, which were formic acid, acetic acid, oxalic acid,
succinic acid and citric acid from 1 week to 4 weeks were
compared to assess the effect of decomposing forest litters
and soil moisture regimes on the amounts and composition of
LACA:s.

The amounts of formic acid ranged from 93.2 to 107.6
pmol kg, and were similar to each other (Fig. 2a). There
was a slightly larger amount of formic acid in the blank soil
than in the soils incubated with decomposing forest litters at
60 % of the maximum WHC, while the amended soils
contained larger amounts of formic acid to some extent at
80 % of the maximum WHC. The average amounts of acetic
acid were relatively lower than those of formic acid, ranging
from 44.6 to 75.1 pmol kg (Fig. 2b). At 60 % of the
maximum WHC, the largest amount was observed in the
blank soil. The soils incubated with forest litter from the
Podzolic soil contained larger amounts of acetic acid than

those from the two Brown Forest soils. Among the forest

Formic acid (pmol kg'l)
@ 0 20 40 60 80 100

60 % of maximum water-holding capaci

Blank

Podzolic soil Oi
Podzolic soil Oe
Podzolic soil Oa
Brown Forest soil 1 Oe
Brown Forest soil 2 Oe
80 % of maximum water-holding capacity
Blank

Podzolic soil Oe
Brown Forest soil 1 Oe
Brown Forest soil 2 Oe

Acetic acid (umol kg')

(b)

Blank

Podzolic soil Oi

Oe

Oa

Brown Forest soil 1 Oe
Brown Forest soil 2 Oe

Blank

Podzolic soil Oe
Brown Forest soil 1 Oe
Brown Forest soil 2 Oe

Fig. 2. Average amounts of (a) formic acid and (b) acetic acid in
soils incubated for the period of 1 to 4 weeks.

litter collected from three organic layers of the Podzolic soil,
the amount of acetic acid decreased from the Oi to Oa layer,
being especially larger in the soil amended with the Oi layer
litter. The soils incubated with intermediately decomposing
forest litter obtained from three Oe layers contained a
relatively larger amount of acetic acid at 80 % of the

maximum WHC than at 60 %.
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Oxalic acid (umol kg'l)
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N N N
60 % of maximum water-holding capacity
Blank [
Podzolic soil Oi [
Podzolic soil Oe E
Podzolic soil Oa [
Brown Forest soil 1 Oe [
Brown Forest soil 2 Oe [
80 % of maximum wate
Blank |rmmmesm
Podzolic soil Oe [
Brown Forest soil 1 Oe [
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Fig. 3. Average amounts of (a) oxalic acid, (b) succinic acid and (c)
citric acid in soils incubated for the period of 1 to 4 weeks.

The amounts of oxalic acid ranged from 48.8 to 60.0 umol
kg, and not much difference was observed between each
soil sample (Fig. 3a). The amount of oxalic acid in the soils
incubated with forest litter at 80 % of the maximum WHC
was slightly larger than at 60 %. The effect of the
decomposing forest litter addition on the amounts of succinic
acid at 60 % of the maximum WHC was obviously observed,
being smallest in the blank soil (34.3 pmol kg™), and larger
in the soils incorporated with the forest litter from the
Podzolic soil Oa layer and the Brown Forest soil Oe layers
(54.6 - 74.9 pumol kg'; Fig. 3b). Among the forest litter
layers, the amounts of succinic acid were larger in the soils
incubated with the Brown Forest soil Oe layers than the
Podzolic soil organic layers, and they increased from the Oi
to Oa layer of the Podzolic soil. While at 80 % of the
maximum WHC the amounts of succinic acid were generally
larger than at 60 %, there was little difference between the
blank soil and the incubated soils with forest litter (Fig. 3b).
The average amounts of citric acid were comparatively

similar to those of succinic acid, ranging from 57.7 to 79.2

pmol kg'1 (Fig. 3c), although the effect of the addition of
decomposing forest litter at 60 % of the maximum WHC was
in sharp contrast to that of succinic acid. Namely, the blank
soil was the largest in the whole soil samples; the soils added
with forest litter from the Podzolic soil contained larger citric
acid than from the Brown Forest soils, and the amounts of
citric acid decreased from the Oi to Oa layer of the Podzolic
soil. At 80 % of the maximum WHC, a great difference in the
amounts of citric acid was not found.

The average amounts of total LACAs in the soils
incubated with the intermediately decomposing forest litter
of Oe layers from the Podzolic soil, and the Brown Forest
soil 1 and 2, at 60 % of the maximum WHC, for a period
from 1 to 4 weeks (i.e. without 0 week), were 335, 318 and
338 pumol kg™, respectively. Those incubated at 80 % of the
maximum WHC were larger, being 371, 363 and 359 pmol
kg™, respectively, so that 6.3 to 14.4 percent increases were
observed when the soils were incubated with forest litter

under slightly wet conditions.

DISCUSSION

The total amounts of LACAs in the whole soil samples
were larger at the beginning of incubation (0 week), abruptly
decreasing after only 1 week and remaining relatively
unchanged in the latter half of incubation (2 and 4 weeks).
These patterns were consistent with those of dissolved
organic carbon biodegradation in the forest floor leachates
obtained in a beech - fir mixed forest (Boissier and
Fontvielle, 1993). The LACAs are assimilated by various
heterotrophic microorganisms, and so may occur in soils
under dynamic equilibrium conditions between their
production and decomposition (Huang and Violante, 1986;
Lundstrom et al., 1995). Almost all soil samples revealed a
similar range of the total LACAs after 1 week, suggesting
that the production and decomposition of LACAs in the
incubated soils had already equilibrated in a short period.

The addition of decomposing forest litter caused a
negative effect on the amounts of acetic acid and citric acid
under the moderately moist conditions. Their reductions
were more remarkable in the soils in which the forest litter
from the Brown Forest soils was incorporated. Among the
Podzolic soil organic layers, the soil added with the Oi layer
contained slightly larger amounts of acetic acid and citric
acid than the Oe and Oa layers. It is inferred from these

results that the C/N ratio of the decomposing forest litter will
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be relevant to the balance between the production and
decomposition of acetic acid and citric acid. In contrast, the
addition of decomposing forest litter, especially that obtained
from the Podzolic soil Oa layer and the Brown Forest soil Oe

layers, leads to an increase in the amount of succinic acid.
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Fig. 4. Correlation of viable counts of (a) fungi and (b) bacteria
with amounts of oxalic acid and citric acid in soils
incubated with decomposing forest litter obtained from
Podzolic soil organic layers at 60 % of maximum
water-holding-capacity for the period of 1 to 4 weeks.

Thus, the addition of decomposing forest litter could
induce changes in the amount and composition of LACAs in
the soils, as Alin et al. (1997) suggested when they pointed
out that the amendment of plant residues also resulted in
similar changes. It is expected that microbial activities will
relate to these changes. In Fig. 4 you can see a diagram
which shows the relationship between viable counts of
microorganisms and the amounts of oxalic acid and citric
acid in the soils incubated with the forest litter of the
Podzolic soil at 60 % of the maximum WHC from 1 to 4
weeks. As for oxalic acid, the positive correlation with
viable counts of fungi and the negative correlation with those
of bacteria were found, despite the fact that they were not
always statistically significant. However, just the opposite
relationship was observed in citric acid. When these
parameters were tested with multiple regression analysis, a

statistically significant correlation was observed as below:

Aoxa = 1.86x10° C; — 4.51x107 Cy + 77.9 (> = 0.665, p
=0.038)

Ag = —1.60x10° C;+ 5.62x107 C, + 30.8 (> = 0.761, p
=0.014)

Aoxa> Acit © Amounts of oxalic acid and citric acid (umol
kg™, respectively.

Cg Cp : Viable counts of fungi and bacteria (cfu g'l),
respectively.

For example, the positive regression coefficient between
the amounts of oxalic acid and viable counts of fungi
(1.86x107) suggests that fungi contribute to the production
of oxalic acid in the soil environment, as pointed out by
many researchers (Graustein et al., 1977; Cromack et al.,
1979; Malajczuk and Cromack, 1982; van Hees et al., 2003a;
2003b).

Larger amounts of LACAs, especially formic acid,
succinic acid, and citric acid, accumulated in the soils
incubated with decomposing forest litter under the slightly
wet moisture condition (at 80 % of the maximum WHC).
Since viable counts of fungi were generally lower at 80 % of
the maximum WHC than at 60 %, it was supposed that the
decomposition of LACAs by fungi could be suppressed, and
would result in the change of balance between the production
and decomposition of LACAs.

Two types of decomposing forest litter collected from two
subtypes of the Brown Forest soils, which are about 200 m
apart and under the almost same vegetation and climatic
condition, however from distinctly different parent materials,
had nearly similar effects on the amount and composition of
LACAs. Three types of decomposing forest litter obtained
from the Oi, Oe and Oa layers of the Podzolic soil, which are
substantially different in their decomposition degree and C/N
ratio, induced several changes in the composition of LACAs
under experimental conditions.

As Fox (1995) suggested, factors affecting the types and
amounts of low molecular weight organic acids present in the
soil include the vegetation present, soil type, depth in the
profile, proximity to roots, and soil aeration. We conclude
that the decomposing forest litter derived from the vegetation
present, accompanying soil microflora and their activity, and
the soil moisture conditions, which control the balance
between production and decomposition of LACAs in soils,
exert a great influence on the amounts and composition of

LACAs in forest soils.
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WD 13, IR ADFTA I K D KREUHS 23 30 17
LT3 (Mizutani, 2002)

AHFFED BHIE, & =7 mF A 2361 D REUSHS A3
A ORBIZRIZTEB LR LN T L LD
%o BEIOTRIRTETIX, 7 =7 ®EMTEDO T 1 F
TIIZEBNT, 3 —r v /S NI K 2 IR & 1k
D& K B/ NG AR (35 1) 2 AR REBR B AR .
BLO, HHFIHOBRABIE LA 2 —IT LY
2005456 H 11 A25 6 A 26 HE TA L, KBS
O T HFI AR ASREAE DHERFIZ SR T2 LT 258 2 2
AR 52 Z L 2 AL LT,

2. A&Eh
T4 FETRITBNT, I—1 v/ 3N LD KBS
& LCa vy A % Lolldaiga ranch %, 7E3RD A % 12 X
L/ NERERGE & L TA LR LA SEY Tl-polei community 2
HH L LT FKEEERD AR OHRE A B 2o 7
(X1,

2-1. 74 XETROKREMH
TAXETRIIREE FTh L0, HE ERIRN—4F
EELTCUIT—ELTND, T4 FETRTIE, HROFE
D 10 PPN TH D, —J7, Kk 1300 m—1500 m O

mHUCH D720 (K 2), FESKIRAER Z@ LT 15°CHll
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& & MEREILRIBEANC H D, BT 22°CRitR & 72 %, B LA DRI 22 < 72 5,

2-2. KBS - u XA I

OVEA TEGE, A XV ANDE T T A e g R
Dagrus Hinde FiZ &~ T 1929 4E(CBIfR &Nz, S
2,000 ha T > 723, BRI 2 JEi0 70 BIR 2 I H WO BT
BITECIIr VA A TG ORTEFRTE 20,000 ha I[ZF > T
%, BUE, ZOIKRZRHBSE T, 7 4590 80, &3 4,500
9H, 77 2 150 AR LT\ 5, FRIFESEOE Y LY
FETTO 110 & U THBIERIE TS & (AARHY
2. 1985), Bt 1ha 4V 7 025 BHCHIEZE I TN D

) LIS D, KA FHE T R IE TR & %

& / ELTVDZLNEMEND, ZOEVEHIEDRIET,

p- 8 AT 5 = & 72 < TR TR Mt 2
xﬁ' | . ;3 22 THBENCFE LR LTV D,

HENL
M3, r=TEZA F7REME O OFERMEEALE (o)
Higlt : Jaetzold R. and Schmidt H., 1983. 3 in.; SAAIREE 2 BRI (T E< OF LTt
RELERT .
=T ORKEIZ, A 2 FERFI. BLO\ Emnis VA TS TR N B & SR R HIN %

KRBIEHONTEL 2D, 7 =7 (L PRI & AT & MBI BRAR S 4U, FM 1 ha {720 72 0255
1,000 m LA Eoommtiasiei< . FHEAKRIL, =7 Lo EVIIRWIED £ £ THI-FIHA B Z abh TE
fKHITIE 300 mm % FEID A3, FEPEELO@mHIOZ < Tk 7o B AEEY) & B AERE) & 3D T RAHICHERF ST
700 mm LA L, o =7 [WED 7R B4 & 2 AT 2,000 mm D EERME LU I~ oX ) T I AV,
UEbHD (®3), F7AF 7 ROFMBEKREIT, LR BN EFRBE A 60 TR, SFEANK 300 FEAEE T S
07 B R TEEBIC 23 TR 400 mm 2> 5 900 mm -~ & HERE S Lo (M 4), r=7DAxDHEETIE, T KO
%, FERREEL, 4 H—5 A2 ToXRES, 10 A-11 ABIPNEL L ERNT ORI L EEETDH L KB
A O/NREOER 2 BIORERH D, 7 A5 8 AITHNT TEECE B AR DRI THREREH 2 R LT
THEARD L 72D DIE, KEEOBRKEDHETHD, = WHEWVWZ D,
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B - TR -

2-3. /INBUERGE - A N-RLUAE%

A =R LA B OFRBIEFRIT 2,000 ha TH Y |
A, AFF 2850 ABSREL TS, AR LA HEHKIT~
AL BT DAAXIZL > THRINIZEETHY K
~VA

2275

BEAEL L TEICAEF LTS (Sankan, 1971),

IKAILE -

FAARZE - /NG - e RERR

BUSND A% & LTI RO Z =27 =T RS
¥ PRIV AL T RSB ZHEE LT 2,
Fo, BEo@mEtLR L LT, r=7dHoreT o —1
BEROERL RS, LU, FNBO A~ 13EN DT
MTHY | A N-RUA LRI VA EDONx DEFK LN

ST LU,

£1. ANV-BRUVAEHK QI5HitE) TORBEEOREL EHTEK
i v [ s 7% =T RV
Y Y Ry Y PRy Yy vy het Wt VY ey VTR MYk HEYx YA
MYJEH 2H 1.4 5.1 1.3 1.1 8.8 19.4 8.7 28.1 40. 8 7.2 48.0 0.3 5.2
SD 2.2 8.6 2.4 1.6 12.9 29.8 14. 1 40. 3 40. 8 8.3 45.8 1.0 6.0
275 A HEEEESL  383.8 1,393.1 344.5 299.2 2,420.6 5,333.8 2,399.5 7,733.2 11,217.6 1,988.5 13,206.0 90. 7 1,441.5

=

f7 L TV D5 O L IS BET 5 7 — 213
275 WHFOWN, 91 #HEFDIA LR LA EHKRIRP O A
THIFETK

L. 7 88F129FH, BV 28.1+403 0, TX 480+

FOE, 91 BHHZ AV TO A2 )

45880, 72740311080, =V RV 52460 N Th-7-
(F 1), 91 HHE Iy OFEAEFIRDL 2 B\ A V- LA Fa
42275 MR OR SRR EHET D &, v 2421 B,
B>V 7,733, YX 1320695, 72 X 918H, =V LY
LAR BHE T2 B, v VAR, TREEOe YV - v¥%
DD RBLF
FIBEEEATNDZEBDN D, 77 4=V

Hule LT 2 FHThHD YV ik L

BT DAL IR ST-DIE, bzt THD (f1-
A EERIRFME)
FRIFEO LY VLY XE2 O 110 & L THEESR

BHET 5L, FH L ha 4720 73 226 AR ST
HZ e D, AN-RUAEETOBBIEIZRVEA T
Bk b 9.0 50 RE < M) TR VIUE T & il
ELTWDLZEMEREIND, 2D XD RHHETIT, A
ERT R SRIICHEAT S5 2 & & e B,

3. FZT7ERIZEITHHEL & L F A O
3-1. A4 FETRITRT 5 HHFI A & EARE ORISR
KB & L COm V& A TG & /NS s

. BRI AR
DB EMRITRET L TR D 2 LITT D,

VA A FBSE N AN & FZETESEMIC L > TH

L LTOAN-R LA EEEFHNIT

PRIEAEDREL SN D LA AR LR LT 2 A TH B,

L7nd, Bl 1 ha 24720 R T D 2 0.25 B &) 9 K
VVEHEE D § F HHIA 2336 Z 2ot TE T,
B AR DS BITE b D T RAFCHERF ST, Ao+
HFIHAT & A ERATROWEHT T, £ 27 A FD Olea

FDI=8

europaea (#2EAY —7) &t 2 %D Juniperus procera

(X X Juniper O—FE) OJFAERIET L TS, DT,
=71l (5,199 m) 225 bT 8T 4 7L (3,000 m ik
DIUHEHE) F T Juniper DM o7- & Eh, 4 TiEn
WA TS D X5 To RO CENL AR FE - T
DDIHEIR>TWD (K2), O.europaea & J. procera DJi
AR CIE, KD RAEMRDOHE TSN D720, TIE
DEARED T BSOS FANIL < | BB B < Hkae
Lo Tnd (X5),

Es
FEA) —TORERHE.

T HF A3 ETe & | O. europaea & J. procera OJFAMRIT
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RKEMBL. b T ARD Acaciaspp. (7 H 7)) B
HICHELL, RBIZTERT 2 L0125 (K 6), HHE
DRV REETOT 1 & THA CTld, Kt o@D & <
BT A REE L & Lo REFARMEY A FIE 2k
T 5, BHEDR N V& A TR0 < OFFTIE. 20
T H T MR E REE ARG O AA DT OREA & 785 T
Wb, L0 EHFIHOEATEE Z AT, TV T8
HEAED O & 78> T DTS BT Hivd, AR
O HFHAHETe & O. europaea + J. procera JRAEMD D
T AT RS EMTHRATT B 00T 3R L <UEho T

Wy,

il
BEFEOREERETCOTHL THEE.

=7
WEOREERETOTHL 7L,

—J, AN-RUAEEOYS, Fii 1 ha 4=V #fET
73226 BHE W IO TEWIBIE TESE2FE L TV
%, HEAIX, Acaciaspp. NEBAEEK L, A XBZ L&
U 7 S B A 23 T T 2 FE AR LT 2 TR 7 S s
HYE L ZAHTIE, Acaciaspp3FEFET D HLOD, FA
IR SN TUTEAE R 2D (X7),

UEDZ s, =7 @RI 2 Ao HHF HIC

R OMAEDEBERBEAHEE T 2 Z L TE D, AHAEL
FIH L TOWRWEHITIE, ARAA#EY) TiX O. europaea & J.
procera & 3 & U7z JRARRDS BAKEY) CIERSUAMRSHY
(AR . SRR T, MR8 T B A L7 B B A3 AR
B L. WiEORME L BREAERRLT 2 (X 8), 2o
B SRHE AR TR FE oD IR 23040 5 & . O. europaea & J.
procera MRS Acacia I IE EHibo V) | R EANEY)
& DMBEDEORENLIES D, T4 X &7 O]
DA, BIMEAELL ST, Acacia spp. 2MEAFEY)
EWVND &I D, FITHRW AR O EHFIHRMD S &
Acacia K & B ELEAKEY OREAE~ LIBT3 2, i e i
1T L7256, Acacia HRIFFRAFT 5 b OO, FANMITIE &
A EBRAF LRV & 72,

=7 EMD T A F v BT, R AR ET o
TOHMMEEDEMER2BTIE, U LD K HIZER LT
<bDEHEESND,

32, BIVE A TG & A V- LA EIECTOMATHE
Dyskstethuis (1949) 1%, AROHHIFIHIZ L > TAHK
RAEDS
Ml 27O DET N EBER LT, ZOET VLT, ML

DOEFEZ 100, x5 & U ToERIThiA DMl S ke
0 &L, Zomfihz 4 FRHL, EEHORNENG

E IR

BRI GEA FOIBIT LT B AREA ORE R

Excellent (100—75), Good (75—50) . Fair (50—25) . Poor
(25—0) &fiE-SF 7= (X8), Dysksterhuis i, Fair LA |
DOEMEBRZHELE LT 5, A3k Dysksterhuis OE 7 /L
VIR BIAF I o THR LTV A28, RS Cldagmmici
A GO BAFRT — 2 DRI L T D7 FRIE L 72 D
REAREAE R TG S CEMERIRT L=,

VA TR ORI, AR (BRRANEREA) |
Acacia #k (BRIRDSRHEA) | £ LT, JHFTHIIC Acacia #k
(MR EREAR) (2K > TSI TV D, fliAI,
Excellent 77> Fair ORAE TR S 41, £ <13 Good DIRTE
THHEN TV LFHMETE S (M8), Bl ha X720
73025 AR & S RWVERE ThIUR, EAEITITIE
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FHEGL « FIFRER - AREIOE « IARZE « /NEETE - EER

Good DIRRETEH IND Z LRSI ND,

0 25 50 75 100
I I
HEEER Poor | Fair | Good | Excellent
: L an
s B @AY (——— & |
1B é g
& i a 3
T FI A w% . | |1ﬁ|{‘5u|:||'h R .,
Acackspp, Acackspp.  Acackspp. “f.lﬁr;‘[:iﬂ’:;;i
HEIERE R S
0Ly 1 Htis &
" | —
:}g;ﬁ;#%% A =L i QLA A HiH

TLED ZEERERMATH D,

=T EROBEICE. CRNE TR L TEZEY . K
HUBHOG I W T O A~ 53l - FETRIE, B
AT & BRI OIRAIT D728 > TV B, KRGS &
WS RRETFERERS VT, BB A ~D 53 « R L) B
BRARIZHE LT 2B, 1) EA~OSELEENK
B CTHL T & 2) KEWHCBHIPIC IR & 7= B2
DEREEFELTNDHZ &, 3) KRB O —
I 2 2 L CHICBEI LR bR L T 2 &

wrososasin 4) KRBT LT LE 5 0> R B C R BIELA

LU= Z LFEOBBR DT oD, TIHBBH T
DR BRI, € LT BB 2 MmO £ RICHERE TS
Z&) 2, HE NHAFIH Lo b BBk e R S

_ WHHETHD LBEZOND, =T ®FICEHIT 5 KHUR

i THFIA

8. WEEREZ Lz LizOL ¥ 1 il &1 IV —R L1 1Rz BT

Hli/EARTE & HUR & DB R

iE) Olea europacarPJunipeus procera@ R HRUEERRLE L 20Nz, fuhom
Iz AHE AR & e ORI LIRS LERERD, A%FRL T, Wik%Ho

B fpBexcellent, good, fair. pooréiEas?s (Dysksterhuls, 1949)
—J7. A NN LA EEORAIE, FET Acacia AR (BRER
PERFA) L72oT0%, ZOEHFRIHORE, Fair
725 Poor T D LFHIITE S (X8), BATORM 1 ha 2
72 D HEIT D L 2.26 BAAATE & U D D T\ O BAUE TR
FEAEIE Poor IZAN-> TIMTLTLE D LFHMETE L 9,

4. BHYIZ

B 31T 2 LD AA~D R, ORI,
TIOTDEANLRLT 7V H D% L OHIE TR L T
% (Sneath, 1999 ; ¥ —/ 1/, 2001), FEMERH - AL
(21T 2 B8 N~D 3 - FAA I, BREERAEITIT
DI B T RFTH L L IDEA b A b T2 B THRE R
Do TND, AR DL < DM THAEH DT ILA R L
TWDIFERIE, D EA~DSEHEEA NUL T D Z & |
2) /NSRS N I SO F B M L CLEH 2 &,
3) SN BB & o ORI & SRR 2 e

S DRI R L IR SNB T HELT Htk

FIHOFEF LN LD,

05 AERD N\ K D/ RIS Tl AR T
DIEFRITHELT LT D, R DL < OHIUEC R 5 2 Bk
HRACDORMDOB Z B> TND, 5k, RO AZIZL
%/ NEBBGEETE TR, N DM L, Z AUk
S CHEEFHE BN DR L 72 0 A OFFR R A K
EHERZTL D THA D, Rk, B2 HHIFI I
& % KBS 6k U /NS SR DTER D N % D3 Ji
Hotid A & U COfia KBIEOR R E B IR TS
LHTHAI,

TR0 TR F O KHAHBE T, B AR & P AR
DIRARNTHRD TEHEREF ZRT2 LTV D, M - g
JAERBIIR DN Tdh D, R HHIFIH A 3 272
HIviUE, BAEOTR OZREERNE S B LTLE S,
=T @R CHAEOBEMOZEMEETFLOTH D725
W ENEAR WA T, 5% & b REIBHSEZ BIfEE TD
&9 72 FHIFI T RE THERF S E TV RERH A 5, KHL
PR A D R it~ DB R A NEAEHCE SR> & 5
FoTL 2 EBRBNDISH, REBHEGOREIE, B

poseity

F O BAEOEWEYOEARIT, TG IEICRORZ 0
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AT ZEERBTHAD,
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2

AWFFENL, TRk 17 SERESCERE B A e teaiiBh & (B
WFFEB)2)) TR T 7 U 1 3 o BN 2/ NFIEEFE L
NV COBRFERIA LT 5 EROBIE] (K3 - PR
Db LB I b, nEATRGEDON* . A V=R
LA I D~ YA ERE RO N & TSR LT
STTze ZHDON 2R IEHT %,
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Summary

Vegetational condition and land utilization were surveyed in
the large-scale ranch managed by European farmers and a
small-scale pastoral area used by indigenous peoples in
Laikipia Province of Kenya highland to clarify the role of the
large-scale ranch in the conserving wild animals and plants.
The large-scale ranch was managed under light feeding
condition of 0.25 cattle-unit/ha, and the vegetation was
consisted of 3 vegetational types such as the natural forest with
short herbs, Acacia shrubland with long herbs and scattered
Acacia shrubland with short herbs.
vegetation in the large-scale ranch was evaluated as

The management of

“Excellent” to “Fair” conditions. The low grazing pressure of
0.25 cattle-unittha could maintain a good vegetation
On the other hand, the
small-scale pastoral area was used under heavy feeding

conditional in Kenya highland.

condition of 2.26 cattle-unit/ha, and its vegetation was
evaluated as “Fair” to” Poor” conditions. Such overgrazing
as 2.26 cattle-unit/ha could cause poor vegetational condition
in Kenya highland. It is considered from this case study that
“Lower grazing pressure in a large-scale pasture and highly
grazing mobility” seem to be the important strategy for wildlife
conservation. The feeding system of the large-scale ranch in
Kenya highland is considered as the excellent case of land use
for wildlife conservation in dry/semi-dry areas.

Key words: pastoralism, grazing pressure, vegetation
regression, large-scale ranch, Kenya highland
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An introductory study on Shu Ema‘“Yama no Tami” (3] :
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Summary

To understand milk processing systems in the Kenya
highland and analyze those characteristics, field surveys were
conducted in the households of Kikuyu agro-pastoralists and
Massai pastoralists. The milk processing systems in the
Kenya highland are consisted of both techniques of the
fermented milk processing series and the cream separating
series.  Although butters and butter oils are made for milk fat
preserving, there is no cheese processing system for a milk
protein preserving. By comparison of milk processing
systems in the Kenya highland with East Africa, it appears
that the characteristic of milk processing systems in the
Kenya highland is to adopt the technique of cream separating.
Further studies on the analyses of the milk processing systems
are needed to discuss the background which these kinds of the
milk processing systems had been established in the Kenya
highland.

Key words: milk processing system, Kenya highland,

pastoralist
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A study of quality monitoring by using sampling
unit atached to a head-feeding combine
harvester
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Phylogeography of the Russian flying squirrel
(Pteromys volans ): implication of refugia theory in
arboreal small mammals of Eurasia

A note on a new habitat of the woolly flying squirrel
Eupetaurus cinereus in the northern area of Pakistan

A note on karyotypes of Sorex caecutiens
(Mammalia, Insectivora) from Cheju Island, Korea

Pollen utilization by Bombus hypocrita sapporoensis
colonies in fragmented forests in Hokkaido, Japan

Approximation method for time-integral of
photosynthesis for NPP estimation using remote
sensing data: Case study in Mongolia

An outbreak of food-borne listeriosis due to cheese
in Japan, during 2001

Production of anti-neurotoxin antibody is enhanced
by two subcomponents, HA1 and HA3b, of
Clostridium botulinum type B 16S toxin-
haemagglutinin
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/£ 5 Bl %% Changes in follicular vascularity during the first

follicular wave in lactating cows.

Effect of the dominant follicle aspiration before or
after luteinizing hormone surge on the corpus
luteum formation in the cow.

In vivo evidence that a local cortisol production
increases in the preovulatory follicle in the cow.

Postpartum reproductive management based on the

routine farm records of a dairy herd: relationship
between the metabolic parameters and postpartum
ovarian activity.

Exposure of C57BL/6] male mice to an electric field

improves copulation rates with superovulated
females.

Vascular endothelial growth factor system in the
cow oviduct: A possible involvement in the
regulation of oviductal motility and embryo
transport.

Comparison of estrus induction and subsequent
fertility with two different intravaginal devices in
ewes during the non-breeding season.
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Gene expression of glucose transporter (GLUT) 1, 3 H. NISHIMOTO ]. Endocrinol.

and 4 in bovine follicle and corpus luteum.

Heat stress diminishes gonadotropin receptor
expression and enhances susceptibility to apoptosis

of rat granulosa cells.

Alterations in follicular dynamics and steroidogenic
abilities induced by heat stress during follicular

recruitment in goats.

Changes of mRNA expression of vascular

endothelial growth factor (VEGF), angiopoietins and
their specific receptors during the periovulatory
phase in eCG/hCG-primed immature female rats.

Caffeine promotes premature chromosome

condensation formation and in vitro development in
porcine reconstructed embryos via a high level of
maturation promoting factor activity during nuclear

transfer.

Hormonal regulation of expressions of growth
differentiation factor-9 receptor type I and II genes

in bovine ovarian follicle.

Hormonal regulation and differential expression of
neuropilin (NRP)-1 and -2 genes in bovine granulosa

cells.
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Expression of CD44 and its glycosylation with
polylactosamine on macrophage during follicular
atresia in pig.

Histidine-tagged Shiga toxin B subunit binding
assay: simple and specific determination of Gb3
content in mammalian cells

Fat- and cholesterol-enriched diet feeding affects
gene expression related to cholesterol metaholism
in rats

Effects of adzuki bean extract on hepatic anti-oxidant
enzyme mRNAs In D-galactosamine-treated Rats

The protecive effects of isoflavone extracted from
soybean paste in free radical initiator treated rats

Adzuki resistant starch lowered serum cholesterol
and hepatic HMG-CoA mRNA levels and increased
hepatic LDL-receptor and cholesterol
7alpha-hydroxylase mRNA levels in rats fed

a cholesterol diet
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Amylomyces rouxii Strain CBS 438.75 Affects
Cholesterol Metabolism in Cholesterol-Fed Rats

Stereoselective synthesis of (E)- and (Z)-beta beta-
bromostyrene containing trifluoro-methyldiazirine
for photoaffinity labeling

Post-biotinylation of photocrosslinking by
Staudinger-Bertozzi ligation of preinstalled
alkylazide tag

Diol derivative of 3-trifluoromethyl phenyldiazirine
for post-labeling of photocrosslink
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Two Opposing Worlds in Free Fall : A Search for the
Boundary between a Painter's Freedom and Fall
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University reform and the collaborative activities of
the cooperative research center of Obihiro
University
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Role of integrin-linked kinase in neuronal cells.
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Promotion of ovarian follicular development by
injecting vascular endothelial growth factor (VEGF)
and growth differentiation factor 9 (GDF-9) genes

A potential use of color ultrasound as a tool for
reproductive management: New observations using
color ultrasound scanning that were not possible
with imaging only in black and white.
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Practical use of anaerobically digested dairy slurry
as a soil resource: collaboration with other wastes.
2nd International Conference on Green House
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Effect of novel covering digested dairy slurry store
on ammonia and methane emissions during
subsequent storage.

2nd International Conference on Green House
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Formation and evaluation of secondary synthesized
humic substances during composting of cattle
manures.
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The 2005 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

. Investigation of factor to influence on beef carcass

price using carcass cross section image
(Keisuke OKAMOTO, Animal Genetics and Reproduction)

. Studies on In Vitro Maturation and In Vitro Culture

of Porcine Oocytes Using Defined Media
(Mariko KOBAYASHI, Animal Genetics and Reproduction)

. Investigations of Optimal Genetic Evaluation Models

for Growth of Suffolk Sheep
(Satoshi NAKAGAWA, Animal Genetics and Reproduction)

. The Expression and Regulation of Glucose Transporters

in the Bovine Ovary
(Hiromi NISHIMOTO, Animal Genetics and Reproduction)

. Improvement of Semen Diluents for Cryopreservation of

Ram and Bryde’ s Whale (Balaenoptera edeni)
Spermatozoa
(Taiki MATSUOKA, Animal Genetics and Reproduction)

. Physiological effects of PYY 3-36 in pigs

(Tetsuya ITO, Animal Metabolism and Physiology)

. Studies on Structural and Functional Characterization

of Leptin Receptor (Ob—R)
(Eri KANNO, Animal Metabolism and Physiology)

. Effect of mixed microbial probiotics(BLCS)

on rumen methane production,
digestibility and nitrogen balance
(Kazuki TAKAURA, Animal Metabolism and Physiology)

. Effects of Seasonal Changes in Feeding Regime for

Dairy Cows on Fatty Acid Profiles and the Conjugated
Linoleic Acid(CLA)in Milk
(Sein LWIM, Animal Metabolism and Physiology)

Regulatory Effects of Feeding State, Insulin and
Leptin on Plasma Ghrelin Levels in Goats
(Neyra Roel MATA, Animal Metabolism and Physiology)

. The lending system of Shikaoi agricultural

cooperative for accumulated debt farmers
(Takashi MATSUDA, Farm Management)

A Classification of Multinomial Populations Based on
Hierarchical Clustering Methods
(Yasuyuki SHINKA, Farm Management)

A study on Individual Evaluation of dairy cattle by
Data Envelopment Analysis

(Akimichi KATO, Agricultural Policy and Resource
Economics)
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131
Master’ s Course of Agro-Environmental Science

. Breeding of Entomopathogenic Fungus Verticillium

lecanii (Lecanicillium spp.)by Protoplast Fusion
Using Nitrate Non-utilizing(n7¢)Mutant
(Daigo AIUCHI, Crop Science)

. Production of Transgenic Maize (Zea mays L.)by

Pollination with Bombarded Pollen
(Fumiya AOYAMA, Crop Science)

. Transformation of Lily (Lilium X formolongi)Seedling

by Pollen Vector Method
(Hirofumi NAKAMURA, Crop Science)

. Inhibition Effects of Larch Litter on the Growth of

Crops and Weeds
(Yuka KIMURA, Grassland Science)

. EFFECT OF FEEDING POTATO PULP SILAGE ON FERMENTATION

IN LARGE INTESTINE OF RUMINANT
(Satoshi MURATA, Grassland Science)

. Sheep Foraging Behaviour in Response to Different

Biomechanical Characteristics of Forage
(Devee ENKHEE, Grassland Science)

. The Tree Species Preferences of Koalas, Phascolarctos

cinereus, on North Stradbroke Island, Queensland
-With Particular Reference to Diet-—

(Miyuki TANIZAKI, Preservation and Management of
Ecosystems)

. Exploiting flower resources of bumblebees, BRombus

(Hym., Apidae) in the agricultural landscape
(Rie OKADA, Preservation and Management of
Ecosystems)

. The Effects of Coexistence of Top and Underground

Parts of Grass and Legume on Light Environment
and Growth of Root System of Both Species

(Ai KARATO, Preservation and Management of
Ecosystems)

. Inspection of Relationship between Stereotypic

Behavior and Foraging Appetites in Captive Leopards
Panthera pardus, and Snow Leopards, P uncia.

(Naoko SUDA, Preservation and Management of
Ecosystems)

Ectomycorrhizal fungi proceed with time in

reforested Prinus thunbergii forest at coastal sand
dune in Erimo—misaki in Hokkaido

(Tomomi NARUSE, Preservation and Management of

Ecosystems)

Ecological studies of ground beetles in city model
fragment forests

—About distribution in particular and connection
with an environmental factor—

(Mitsuru YAMAMOTO, Preservation and Management of
Ecosystems)

Agricultural brook study with Evaluation of high
school environmental education
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(Mitsuru ASHIZAWA, Land Resourse Science and
Engineering)

Shear Characteristics on Soil Specimen Including
Roots of Herbaceous Plants and Measures of Slope
Conservation

(Kazutoshi MOCHIDA, Land Resourse Science and
Engineering)

Formation and function of humic substances during
composting of cattle manures

(LI Xiangzhen, Land Resourse Science and
Engineering)

. The Efficiency of Biogas Supply Controller for Dual

Fuel Biogas Engine
(Kenji AOKI, Engineering in Agricultural and
Biological Systems)

Study on a Biogas Fuel Cell
(Kouta IRIE, Engineering in Agricultural and
Biological Systems)

Study one Effective use of Biomass Tokachi region
(Sadao KIKUCHI, Engineering in Agricultural and
Biological Systems)

A note on survival of Col/i-aerogenes group and
Enterococcus during anaerobic digestion and storage
in full-scale biogas plants

(Atsunori TAKIMOTO, Engineering in Agricultural and
Biological Systems)

Characteristics of heat collection for sun tracking
type solar wall panel

(Hiromi YOKOYAMA, Engineering in Agricultural and
Biological Systems)

Studies on Development of Laser Crop Row Sensor for
Automatic Furrow Guidance System of Tractor
Implements

(Baoming SHEN, Engineering in Agricultural and
Biological Systems)

Studies on Drying of Farm Product Residues Using
Solar Energy and Combustion Heat of Bean Husks
(Rouzi AMUTI, Engineering in Agricultural and
Biological Systems)

Master’ s Course of Bioresource Chemistry

. Establishment of monoclonal antibodies to yeast

glucosylceramides
(Ken—ichi KOIDE, Applied Life Science)

. Biodegradation of Polyhydroxylated aromatic compounds

lignin—substructure model compound and bisphenol A
by liverwort Heteroscyphus planus
(Takashi OHSASA, Applied Molecular Biology)

. Study on Glucosinolates from the Leaves of Rocket

Salad
(Chiami KAWAHARADA, Applied Molecular Biology)

. Influence of the Enhancement of Catalase Activity on
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the Plant Growth Promoting Effects of Alebsiella
oxytoca
(Makiko SUDO, Applied Molecular Biology)

. Expression Analyses of the Bradyrhizobium japonicum

USDA 110 Induced with Soybean Seed Extracts
(Wei Min, Applied Molecular Biology)

. Comparative study on somatic embryogenesis between

two carrot cultivars
(Hatsumi KOBAYASHI, Applied Molecular Biology)

. The effect of lactic acid bacteria isolated and

identified from traditional fermented milk on
inflammatory model
(Tomoyuki SHIMAZU, Food Science and Technology)

Master’ s Course of Animal and Food Hygiene

. Relationships between meat conditioning and muscle

intracellular proteasome—ubiquitin pathway in beef
(Mitsuru KAMITAKAHARA, Meat and Milk Hygiene)

. Examination of the washing method using the carcass

washing equipment for removing the central-nerves
tissue adhering to a carcass
(Naoki KUBO, Meat and Milk Hygiene)

. Survey of Cerebrosides Accumulation in

Lactose—assimilating Yeasts isolated from Milk as
well as Natural fermented milk products
(Michiko SUGAI, Meat and Milk Hygiene)

. Undigested Animal Protein Reduces Serum Lipids in

Rats.
(NARANGODA LIYANAGE Buddhi Ruvini,
Meat and Milk Hygiene)

. Research of Health Functional Ingredients in

Agricultural Products in Tokachi area
(Shoko WATANABE, Meat and Milk Hygiene)

. Study of Corpus Luteum and Angiogenesis in the Cow

—Suppression of early stage of corpus luteum
development and angiogenesis by antibody against
vascular endothelial growth factor in the cow—
(Daichi KAMADA, Animal Production Hygiene)

. Development of photography equipment for the cross

section of beef and investigation of new evaluation
method of meat quality using image analysis
(Kenichiro TAKAHASHI, Animal Production Hygiene)

. Molecular Mechanism of Follicular Development in

Bovine Ovary:Involvement of Growth Differentiation
Factor—9 (GDF-9) and Bone Morphogenetic Protein (BMP)
(Barana C. Jayawardana, Animal Production Hygiene)

. Analysis of Metabolic and Endocrine Factors Related

to Ovulation of the Dominant Follicle at the First
Follicular Wave Postpartum in Dairy Cows
(Saori FUKIHARA, Animal Production Hygiene)

A study of bovine luteolysis using co—ulture system
with three different cell types

—The effect of PGFzaand NO in the increase of blood
flow surrounding the corpus luteum—
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(Dai YAMAMOTO, Animal Production Hygiene)

. Simulating and evaluating the Johne’ s disease

preventive measures in dairy cattle
(Satoko KUBOTA, Food Safety Economics)

Study on the effects of Process Control System in
Seafood Industry
(Naotsugu TAKAHASHI, Food Safety Economics)

Study on a causal relationship between bacillus of
Mastitis and hygiene of surroundings and milking
(Eisuke NISHIJIMA, Food Safety Economics)

. Detection of Shigella from oyster by PCR and

progress for sensitvity
(Shuko MONDEN, Food Microbiology and Animal Hygiene)

Survey of Listeria monocytogenes contamination
in smoked salmon processing plants.
(Noriko HATTORI, Food Microbiology and Animal Hygiene)

Characterization of Monoclonal Antibodies Against
the Argasid Tick Ornithodoros moubata Hemocytes
(Sachie INA, Zoonotic Infections)
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