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Summary

In the Philippines, rootcrops play a significant role in providing livelihood and food security
among the resource poor people living in fragile upland environment, which comprise about 65% of
the total agricultural land in the country. This paper will present the factors which play into farmers’
decision-making strategies for varietal adoption, particularly of sweetpotato and cassava in Visayas
Region, Philippines. Relative importance of factors as they are considered in the farmers’ decision-
making process vary according to user-orientation (i.e. subsistent, semi-commercial and commercial)
because such would have varietal trait specifications, scale of operations, and consequently, resource
needs. In largely market or industry-oriented systems, the economic factor is observed to be more
important. The market requirement of varieties is enough motivation to grow a variety subject
to resource constraints. Further, the degree of intensity of factor or constraint could be location
specific due to natural endowments (e.g. land quality), farming systems, and social relations. But
in the absence of markets or profitable use, adoption of a new variety is a difficult choice. Overall,
given the complexity of circumstances that are factored in the farmers’ decision-making strategies
to sustainably adopt varieties from the farmers’ own sphere to that of the institutions (i.e. Research
and Development policies), any research and development activity that hopes to eventually make
the farmers’ lives better through the adoption of technologies should be designed with a greater

partnership between the natural-technical and social scientists, the local partners and communities.
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1. Introduction

Rootcrop is a group of crops, also known as root

and tuber crops, which produce underground tubers or

corms. Among these are major rootcrops such as cassava
(Manihot esculenta), sweetpotato (Ipomoea batatas), potato
(Solanum tuberusum), and yams (Dioscorea esculenta).
Others classified as minor rootcrops include the edible
aroids (faro, Colocasia esculenta, yautia, Xanthosoma
sagittifolium; giant taro, Alocasia macrorrhiza; swamp
taro, Cyrtosperma chamissonis; elephant foot yam,
Amophophallus campanulatus) and the lesser yams
(Dioscorea alata, D. bulbifera, D. hispida).

In the Philippines, rootcrops play a significant
role in providing livelihood and food security among the
resource poor people living in fragile upland environment,
which comprise about 65% of the total agricultural land
in the country. They are grown usually in patches in a
wide range of agro-ecological environment since they can
grow in adverse conditions and amenable to low input-
farming. Most grow them in degraded uplands using
traditional varieties and without the benefit of technical
interventions. Rootcrops are associated with poverty as
they are grown largely by poor upland farmers. These
economically vulnerable subsistent farmers grow rootcrops
mainly for food as well as income supplement (Pardales ef
al. 2001; Pardales and Roa, 2002).

Expectedly, pockets of commercial rootcrop farming
are more sophisticated than the subsistent and semi-
subsistent ones. These apply technological innovations
like the high-yielding varieties, fertilization and cultural
management techniques (Scott et al. 2000). Commercial
growing of sweetpotato in Central Luzon and cassava in
Mindanao are grown mainly for the fresh roots market
or the starch factories. Commercial growers are profit-
oriented and usually have the resources to respond to
interventions for increased output (Data ef al. 1997,
Pardales et al. 2001).

At the time of the Green Revolution in Asia,
rootcrops were taken for granted. When given attention

starting in the mid-1970’s in order to help the “poorest
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of the poor” , scientists assumed that the small,
economically deprived farmers can readily adopt whatever
technology introduced to them. Neither were the research
efforts sensitive to indigenous knowledge/practices and
market preferences in the development of technologies.
This high-minded attitude resulted in the development
of rootcrop production technologies not suitable to the
biophysical environment, the economic condition, and
the socio-cultural context of the local people (Pardales
and Yamauchi, 1999; Pardales ef al. 2001). This greatly
contributed to the resistance, or at least hesitance of the
intended beneficiary farmers to subsequent introduced
interventions.

In twenty-five years, the Philippine Rootcrop
Research and Training Center has developed a number of
high yielding rootcrop varieties, but adoption is sparsely
scattered, or only in the relatively small pockets of
commercial areas. In addition to the “non-user oriented”
basis of technology development, very low adoption was
also attributed to limited access to credit and technical
support by poor farmers; as well as poor market match.
But for long, the constraints to adoption have not been
strongly articulated as to help rationalize the rootcrop
breeding program. This is mainly because systematic
diffusion studies met serious logistics constraints.

This paper will present the factors which play
into farmers’ decision-making strategies for varietal
adoption, particularly of sweetpotato and cassava, the
major rootcrops which received the bulk of the breeding
budget. In particular, findings support the thrust of the
collaborative project between Nagoya University, Japan
and the Philippine Rootcrop Research and Training Center
(Leyte State University, Philippines) on rootcrop breeding
for drought resistance/tolerance. In particular, this paper
will seek: 1) to describe how small scale farmers select
and maintain a root crop variety; 2) to identify farmer’s

preferences of root crop varieties and the reasons for such;

and 3) to explore the strategic role of the collaborating
research institutes with due relevance to improvements in

variety improvement and adaptation.

2. Materials and Methods

The research applied a mix of tools (i.e. the informal
survey, focused group discussions and the focused
formal survey) both qualitative and quantitative, to elicit

information.

2-1. Selection of research sites and study

design

Three case areas were selected in Leyte island, Eastern
Visayas region: Pamahawan, Bontoc (mainly for cassava),
Rawis, Dulag (sweetpotato) and Elevado-San Salvador,

Matalom (sweetpotato)(Fig.1). In addition, earlier related

e

L. T

[E] sl

Fig.1. A map showing five study sites in Visayas Region,

Philippines
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Table 1. Research sites, why chosen, land type and use system

Site Why chosen/ context/ Terrain of Soil tupe Main crop Production
period HYV introduced | rootcrop farm yp system orientation

Pamahawan, | Pilot feedmill project; | Undulating to | Acidic, Coconut Semi-

Bontoc hybrid cassava | sloping clayey Corn- cassava commercial,
production among industrial (not
cooperative members sustained)
(1994-1999)

Rawis, Hybrid sweetpotato | Flat Clay to | Sweetpotato- commercial

Dulag production for starch sandy-loam | corn- squash-
company (1996-2001) vegetables

Coconut

San Sweetpotato farm trials | Undulating to | Acidic, Upland rice- | Subsistence,

Salvador, in farming  systems | sloping clayey sweetpotato- corn | semi-

Matalom project (1990’s) Coconut commercial

Tudela, Pilot feedmill project; | Undulating to | Acidic, Coconut Semi-

Camotes Hybrid cassava | sloping clayey Corn-cassava commercial,
production among coop industrial
members (1996-2001)

Central Hybrid cassava | Undulating to | Acidic, clay | Corn-cassava- Semi-

Bohol production for starch | sloping loam, sandy | peanuts commercial,
(since mid-1980’s) loam industrial

surveys of the collaborative project in Camotes island interviewed in March 2003 to get insights on the
and central Bohol, Central Visayas region, mainly for community, households, farming systems, research

cassava, were integrated into the analysis to provide more
information and perspective to the problem (Fig. 1).
The research sites were selected based on two criteria; 1)
introduction of high yielding varieties (i.e. through projects
between the research institution and local community)
and 2) sufficiency of time elapsed after the introduction;
enough time to permit feedback on the constraints/factors
on adoption (non-adoption) (Table 1). Sampling was
purposive and based on the representativeness of these five
village clusters as to rootcrop growing system in Eastern
and Central Visayas which are leading rootcrop growing

regions in the country.

2-2. Key informant interviews and focused
group discussion
After a review of relevant secondary data,

project documents and selected papers, key informants

(e.g. researchers, local officials and technicians) were

activities at the sites, varieties introduced and adopted.
Linkages established in the villages facilitate the conduct
of two focused group discussions (FGD) with a group of
12-18 men/women farmers per site; a total of six FGDs.
The FGD was semi-structured where a guide was prepared
yet allowed free interaction of relevant points not included

in the guide.

2-3. Questionnaire survey

A questionnaire was prepared and tested. This
included topics such as the farming household identity
and socio-demographics characteristics, farm and farming
practices data, support systems, and varietal preferences.
Thirty households from each location (n=90) were
randomly selected for interviews. It took a total of three
weeks in April and May 2003 to conduct the surveys
by two enumerators who were trained the week before

fielding. Data cleaning and inputting took a total of eight
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weeks. These were computer inputted and processed using
descriptive type of analyses. Data from two previous
surveys in Bohol and Camotes (respondent n =53) were
processed and analysed to increase the number of case
areas. Overall total number of respondents which serve as

base for the varietal adoption issue was 143.
3. Results and Discussion
farmer decision-

3-1. Putting in context:
making and varietal preference

It is important to clarify that the question on decision-
making strategies by farmers on sustained adoption of a
variety is different from the question of preference to grow
a certain variety; though the latter could be part of the
former. The former involves a multi-faceted process; the
latter refers to simple choice. Varietal preference refers to
the choice of a certain cultivar or variety, based mainly
on preferred traits like skin or flesh color, cooked flesh
texture, sweetness, for salad, fit to priming system, etc.
which may be hypothetical in an exercise done for the
purpose, or active selection by growing. While decision-
making strategies involve more than just traits preference;
and includes other considerations, such as resources,
availability of planting materials, use and market,
perceived or actual physical or environmental constraints,
etc.. In this context, preferred cultivars may not be grown
at any one time, or grown but not sustained, as a result of
this mix of factors or constraints.

This difference is crucial in understanding the
processes and choices made by farmers and users in order
to contextualize the results discussed here. To scientists/
researchers, and breeders particularly, it should make
sense to distinguish between varietal traits preference
under minimal-constraint or ideal conditions, and the

decision processes involved under realistic farming

conditions especially among resource-poor small farmers.

3-2. Factors and constraints to farmer

decision-making to varietal adoption

In the three Leyte sites, sixty-seven percent (67 %)
were users of hybrids, mainly cassava in Bontoc and
mainly sweetpotato in Dulag and Matalom. About 20%
were cooperators in project or varietal trials. In Bohol
and Camotes, about 98% of respondents were cassava
growers, 75 % sweetpotato on the average. Other rootcrops
such as ubi, taro, palawan were grown only by 2-5% of

respondents.

1) Socio—demographic factors

Age and gender: The respondent farmer household
heads are all in middle age, a range of 45-50 years. With
this demographic structure, most children are either in
school, or out seeking off-farm work since the opportunities
of farming are very limited. Others start their own families.
All this resulted in dearth of family labor, which is the
main form of labor in rootcrop growing areas. In the case
of high dependency stage, the wife spends most time with
taking care of a child and other home chores, leaving only
the male to work. Those with married children contribute
to dependency as they usually stay with the parents at
early stage, and usually already started a family with
a baby. The young adults mostly go out to seek other
opportunities in non-farm work. Intensification of farming
is thus constrained by the dearth of family labor, and
the lack of capital to hire labor. This can limit adoption
of technology such as the High Yield Variety (HYV),
which requires enough labor at appropriate timing of
activities (e.g. proper selection of planting materials,
fertilization, weeding and cultivation). In subsistent and

semi-commercial farming, the labor of both husband and
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wife are critical since each undertake specific activities: the
heavier tasks such as land preparation, and harvesting of
cassava done by the men; and women more in weeding
and cultivation. Planting, cultivating and harvesting
are common activities. They support a household of 5-6

members, which is just about the national average.

Education: Most farmers have completed up to the
elementary or some secondary years. But a good percentage
of farmers in Bontoc (30%) and Matalom (36.7%) are
college graduates. Also, most farmers are members of
farmer and other organizations, which indicates a socially
conscious behavior. But there are more farmers who are
users of hybrids in Dulag, about 97 %, than either Bontoc
or Matalom, about 83% for both. The implication is that
non-adoption of technology could not be due to a difficulty
to understand the technology nor a lack of community

awareness since the basic orientation is there.

2) Economic factors

Markets and use-orientation: The discussions and
surveys showed that the market factor and favorable
growing conditions are quite strong incentives for varietal
adoption. Dulag farmers are well linked to markets and,
thus, grow rootcrops with relatively greater commercial
uses. The flat land terrain and soil conditions (i.e. alluvial,
clay-loam to sandy) of farms in Dulag contribute to better
yields. Thus, the returns to investment of the hybrids
and other inputs are likely to be assured. In Camotes
and Bohol, the feedmill and starch factory, respectively,
provide guaranteed markets and, together with this
guaranteed production scheme are enough incentive for
farmers to adopt the introduced cassava varieties (Pardales
and Yamauchi, 2001). In these commercially growing
areas, the matching of varieties to the requirements of the

market, whether it is fresh roots or industry, is critical.

It will be noted that the semi-commercial and subsistent
farms in Matalom, Bontoc and Camotes tended to grow
a number of cultivars/varieties at any one time compared
to the more market-oriented farmers in Dulag and Bohol.
The former were also able to keep, though minimally, the
preferred traditional cultivars. The more subsistence the
orientation, the wider is the range of cultivars grown. The
commercial growers tended to have only one or very much
less number of cultivars as they grow only that which the

market prefers or has a wider range of use.

Income: Incomes of the farming households include
farm, off-farm and non-farm sources. Farm incomes is
taken from own production and sale of crops and by-
products, while off-farm income includes wage in cash
or kind from working in other farms. Non-farm income
includes remittances from children working outside of
the home community, trading or tending sari-sari store,
peddling or handicrafts (e.g. sinamay or twine making in
Matalom). On average, about 83% of farming households
get 50-80% of incomes from the farm; about 60% get
10-40% from off-farm sources; and 25% get 10-20%
from non-farm sources. Bontoc farmers got more from
off-farm work while 50% in Dulag did not have off-farm
sources. About 75% of farmers in Bontoc and Matalom
do not have much non-farm sources, or simply lack such
opportunities. Although only about 34% of farmers
overall have non-farm incomes such as remittances and
handicrafts, they claimed that these sources really helped
much. These differences are due to the different farm
work alternatives, proximity to urban markets and outside

farm opportunities open to them.

Livelihood: In Dulag and Matalom more farmers
(27%, 25%) have sweetpotato sharing 60-80% of farm
income; and 20% of Dulag farmers have sweetpotato

sharing 50-70 % of total income. In Bontoc, cassava shares
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an important part of total income (51% farmers with 50-
80% share). 87% and 33% of respondents in Dulag and
Matalom did not grow cassava. Overall, both sweetpotato
(47%) and cassava (42%, only in Bontoc) share 50-80 %
of total income. The fact that rootcrops play an important
role in the livelihoods of farmers is not a guarantee per se
that introduced varieties will be sustainably adopted as the
surveys results suggest because of the checkered pattern of

adoption. But that is the starting point in most cases.

Food source: Using the $1-a-day World Bank food
threshold as indicator of poverty, the survey showed that
the average food consumption for Bontoc, Dulag and
Matalom lie just a little above at $1.57, $1.64 and $1.43
respectively. Food sources, however, come from own
production, bought, collected from the wild, or given.
Survey showed that 97% of households in Bontoc, 70%
in Dulag, and 97% in Matalom get about 30% of food
consumed from own production. Most of the rest are
bought. At times, about 40% of households collect 5% of

the food from the wild, or given.

Energy sources: Rootcrops constitute an important
part of own produced food especially among the
subsistence and semi-commercial farmers. The native
sweetpotato cultivars are preferred to be mealy and
not so sweet when used as alternative to rice or corn;
while the mealy, yellow fleshed and sweet cultivars are
preferred for snacks. The young cassava at 5-7 months
of the early maturing hybrids is also preferred for food.
So the cassava hybrids get higher percentage adoption or
field continuance compared to sweetpotato as it answers
both the food and industry preferred traits. Also, hybrids
which are similar to the preferred roots used for the home
will have a high likelihood of being grown and adopted.
In addition, for the purely subsistent farmers the priming

nature of harvesting the sweetpotato roots is important

criterion. An opportunity for breeders would be to
produce varieties that would provide nutrient supplement
by enriching rootcrops such as playing around vitamin A
and anthocyanin together with the mix of other preferred

traits.

Feeds: The cassava-based feed pilot projects in
Bontoc and Camotes have shown that cassava could be
used in grower pig rations with comparable efficiency
to that of the existing commercial feeds. But the
sustainability of the cooperative-run enterprises rest
on a number of critical factors like the development of
markets, business skills and effective links with the farmer
suppliers. The latter depended on the price attractiveness
of dried cassava chips as raw materials which was not
quite successful in these pilot areas. This resulted in very
limited success of the business, well below target. Yet
still, the cassava hybrids are grown by 83% (Bohol) and
95% (Camotes) of respondents. This sustained adoption
of the introduced cassava is due to the fit of its industrial
and home use desired traits such as high yielding, early
maturity and good eating quality. Sweetpotato vines and

“reject”  very small roots are also used as supplemental
feed for pigs raised in the backyard; a seasonal source
though, especially in Dulag and Matalom. In Dulag, a
few households raise 2-5 pigs in their backyard which
are fattened every 4-5 months and sold live-weight in the
market. Sweetpotato vines and roots are reported to be of
substantial importance in pig and cattle rations only in the
Northern Highlands, Central Luzon and Catanduanes. In

Bohol, the introduced hybrids in the mid-1980’s

Land: 70%. 76%, 87% of respondents’ farms in
Bontoc, Dulag and Matalom respectively, are less than
0.5 ha, which consist of 2-3 parcels, rainfed and are not
of prime land quality. Same situation is observed in Bohol

and Camotes. Poor soil quality coupled with very limited
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capital as well as user responsibility associated with the
tenancy arrangements dampens farmer motivation to
really work on improved management of the crop which is

really required of the hybrids.

Labor: In the small landholder systems family labor
is the most important and commonly available asset.
Hired labor is availed of only in the cassava farms which
supply the starch factory in Bohol but this is limited and
dependent on scarce finance. Dearth of labor is often the
case because of ageing farmers, permanent and seasonal
migration of the young to work outside the farm, family
care demands among women and divided attention given
to multi-cropping system. As a result, weeding and
cultivation often are not done adequately if at all. This
mix defies what often is reported in literature as “surplus
rural labor” , which is really a myth, as found in the
case areas. Labor constraint also negatively impacts on

the adoption of varieties.

Capital: 100% percent of the respondents reported
that financial capital is one resource they lack or do not
have. Many are on the des-saving range and perpetually
indebted to landlords, money lenders and/or local stores.
They are beyond the question of “access” opportunity
since the financial market can be accessed only by the
bankable small sector. Capital is needed at least to buy
fertilizer and pay some labor in the critical management
stages. Since the hybrids require fertilizer and care inputs,
the lack or absence of capital is a major constraint to

adoption.

3) Technical and biophysical factors

Farmers include in their decision matrix a number
of technical and biophysical factors such as yield,

maturity, losses due to drought, pest and diseases, and

availability of planting materials. Yield depends on the
variety itself and its response and adaptability to the
physical environment such as soil quality and moisture,
and cultural management. The HYV could not achieve
its potential yield without the needed inputs. Since most
farmers are resource-poor and could not provide the
required inputs and care, it is difficult for them to achieve
and appreciate this potential. With this, adoption is not
even a point to consider though they may try growing
given planting materials. Except Dulag where some fields
are alluvial and sandy loam, most soils are nutrient-
deficient. Farmers in Bohol, Camotes, Dulag and Bontoc
apply fertilizer but often not the recommended amounts
due to high fertilizer cost relative to deficient finances.
Thus, farmers do not get the expected yield of the
hybrids. This and the other cultural management inputs
are not enough proof to convince them of the benefits of
the HYVs. Sparingly, one or two innovative farmers get
the desired output but they are perceived as exceptions
with usually some resources and face less constraints; not
models the ordinary resource-poor farmer can emulate. In
such a constrained land resource, spreading the benefits of
the HYV’s without the much needed system of support is
indeed a big task. This has not been achieved. The poor
land quality is a contributory given for the non-adoption
of the variety as it sets the first stumbling block.

A range of 45-100% of respondent farmers report
drought comes very often with worst cases in Bohol and
Bontoc-Matalom sites. This condition is common in
rainfed upland areas where most rootcrops are grown.
Cassava grown in drought conditions were reported to
have stunted growth by 65-95% of farmers; poor yield,
15-73%; yellowing of leaves, 6-65%; defoliation and
wilting, 6% ; grown crop mortality, 13%. 16% reported
to have grown drought tolerant cultivars such as Maruri
and Kapulutan. Sweetpotato grown in drought conditions

were more seriously affected with high levels of mortality
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and weevil attack up to 90% . Drought is reported to have
wiped out most cultivars and varieties. Considering the
normal dry-wet season cycle, farmers time the planting
of a crop depending on its respective moisture need like
sweetpotato is grown by most towards the end of the
wet season when just enough moisture is needed for its
establishment; and cassava. But with drought, farmers on
the whole do nothing to minimize its effect. Farmers grow
cultivars which planting materials are available. 100% get
these from local farmers or relatives from other places.
On the average, 21% in Leyte and 43-56% in Camotes
and Bohol respondents were able to secure hybrids
from government projects; As discussed above, planting
materials are largely reduced or wiped out due to drought.
The local cultivars which still are existing (e.g. Maruri,

Kapulutan) are observed to be more tolerant to drought.

3-3. Specific varietal preferences

Reasons for keeping varieties are for food, 92%;
for market, 56%; as emergency crop, 37%; as animal
feeds, 35%; less input or capital, 18%; recommended
by technician, 18%; for barter with other foods, 18%;
and supplemental income, 18%. In all sites for market-
oriented growing, farmers prefer sweetpotato which are
early maturing, high yielding (both main plant and the
runner) and has good eating quality (sweet and mealy).
But for staple and eaten with fish salad or lechon, the not
so sweet mealy ones are preferred; the thick-skinned for
pig feeds, using the skin peelings. In addition, Matalom
growers also consider tolerance to drought and weevil.
Farmers are more sensitive to the root and growing traits
of sweetpotato, and the adequacy of demand for cassava.
This is because cassava is used more as industrial crop
while sweetpotato more as a food crop. In Bohol and
Camotes, not surprisingly, the preferred traits for both

cassava and sweetpotato is eating quality, 85% and

73%, respectively since its major use is for food. For
cassava, especially, drought resistance (60%; 5% for
sweetpotato) is an important trait because the growing
period for cassava is longer than sweetpotato, then, high
yield (cassava, 39% and sweetpotato, 24%). Other minor
considerations include early maturing (7.5%), tolerance
to weevil (5.7%), pest and diseases (1.8%), multiple use
(1.8%), recommended by the technician (1.8 %), or fit for

food processing (1.1%).

Sweetpotato: A total of 66 sweetpotato cultivars were
reportedly grown in a span of fifty years in Leyte sites:
Dulag farmers having tried 29 (44%) cultivars/varieties;
Bontoc, 19 (29%), and Matalom, 43 (65%). Of these,
only 10 (16%) cultivars/varieties are still being grown.
These cultivars are shown in Table 2. Of these, the first
two are local cultivars followed by hybrids recommended
for starch to supply to the factories. Each site has its
own preference like Kadavao, Tinugabang and Siete
Flores in Bontoc; Kasapad, Minamon and Siete Flores
in Dulag; Siete Flores stood out in Matalom. Siete flores
is commonly popular among farmers in all sites though
not early maturing nor high yielding because of its eating
quality (sweet, dark yellow flesh, red skin, mealy) and a
sturdy cultivar as it is still grown. It is also harvested by
priming and fits the non-intensive system of growers. Any
of these not grown, and also with the rest of the 66, were
mostly due to being wiped out by intermittent drought
months. Farmers have observed that varieties reduce
yield after about ten years of growing, so they try new
varieties. They look for replacements whatever sells well
in the market and use the roots for planting materials.
There usually is a dominant variety during each phase.
They said that before researchers from ViSCA come to
introduce their varieties but over time they come to ask
a lot of information from the farmers and engage them

In various Interactive activities; even Invite to act as
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Table 2. Percentage of farmers per area growing selected popular cultivars/ varieties

Cultivar Type Desired traits Bontoc | Dulag | Matalom

Kasapad native Eating quality, high yielding, early 0 100 0
maturing, high starch

Minamon native Eating quality 0 97

Kadavao native Eating quality (highly preferred), 93 83
early maturing

VSP 3 hybrid Eating quality, high yielding, early 0 73 0
maturing

Tinugabang native Eating quality 70 43 3

VSP 17 hybrid Industrial use, high yielding 67 40 27

Siete Flores native Eating quality 57 87 83

VSP 16 hybrid High yielding 60

Kaligaya native Eating quality 60

Katimpa native Eating quality, high vyield, early 50 0 30
maturing

resource persons. They have a system of producing and
sustaining planting materials. In fact, they have tried
supplying planting materials to other places during the
wide propagation of sweetpotato for the starch factory.
Farmers exchange varieties among themselves. They use
some kind of plot rotation and exchange to sustain their

need of planting materials.

Cassava: Farmers reported to have grown eight
cultivars/varieties of cassava in Leyte sites, three in
Camotes and six in Bohol in about ten years or more.
Two are recommended varieties, namely the Golden
Yellow and Lakan, used for the starch factory in Bohol,
pig feeds in Camotes; and mainly for food in Leyte. The
variety requirement of industry motivates the farmer to
grow that which is needed, thus the lesser number of
varieties grown and the adoption of the recommended high
yielding varieties. The fit between use-markets and the
desirable traits of HYV’s (early maturing, high yielding,
good eating quality) both for industry and food motivated
growers to adopt them soon after they were introduced.
The preferred high HCN content, 12-month maturing
varieties in the early 1980’s to prevent stealing of cassava

grown for starch were later replaced by the 8-10-month
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maturing HYV’s. Still the food oriented semi-commercial
and subsistent farmers in Leyte maintain the local cultivars
with good eating quality such as the Kapulutan, Maruri
and Elorde, especially the first two which were observed to

be drought tolerant.

Other rootcrops: These include taro mostly in Dulag
where it is a commercial crop; palawan and ubi for food.
Eight cultivars of taro were reportedly grown in Dulag
with the local Kabhilsot as preferred more because of its
aroma and sticky-mealy texture; making it traditionally
preferred by consumers. Consumers, too, have taro as
popular part of their diet: from the petioles and leaves to

the rhizome.

3-4. Decision—-making strategies for
varietal adoption

Relative importance of factors as they are considered
in the farmers’ decision-making process vary according
to use-orientation (i.e. subsistent, semi-commercial
and commercial) because such would have varietal trait
specifications, scale of operations, and, consequently,

resource needs. In largely market or industry-oriented
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systems, the economic factor is observed to be more
important. The market requirement of varieties is enough
motivation to grow a variety subject to resource constraints.
Further, the degree of intensity of factor or constraint
could be location specific due to natural endowments (e.g.
land quality), farming systems, and social relations. But
in the absence of markets or profitable use, adoption of a
new variety is a difficult choice.

In short, any breeding attempt or efforts at
introducing a variety should consider first the use and/or
market of such. Then, understanding the realities of farmer
physical and socio-economic conditions, a support system
for production resource inputs fit for small farmers should
be in place. Developing stable markets, creating/providing
the needed support environment and the institutional
innovation to effect these have had very limited success
in the past. The pilot projects (which were vehicles for
varietal introduction) were part of the research phase to
still fine tune the technologies and develop markets. This
is an important point since any loophole or weakness in
the process was bound to result in either market failure, or
technology gap. Since the usefulness of the recommended
variety at the farmer-user level was a derived one,
adoption could only result from established use of the
variety (assuming fitness to farmer circumstances) and
a reasonable support system. That the HYV’s have not
been sustainably adopted is not surprising. It is just
like a “chicken-and-egg” question when dealing with
resource-poor farmers caught in a complex web of multi-
sided constraints. Such is the dilemma of his quite limited
decision options that the farmers often resort to the status

quo. To the poor farmer facing a multitude of constraints,

it simply takes too much to change.

4. Implication and Conclusions

From the surveys and FGDs, it will be noted that
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the expressed preferences of farmers on certain varietal

traits have not always watered down to sustained
adoption. Technical, socio-demographic, economic factors
and biophysical conditions are interwoven in the farmers’
decision-making sphere. Rootcrop growers were found to
be earning just a little above the food threshold. Thus,
they are resource-poor; they farm on non-prime quality,
fragmented lands; and most only have use rights. Such
dearth in resources and fragility of physical givens are
disincentives to the adoption of the introduced hybrids
despite promising results of farmers’ field experimentation.
Labor, which is their most abundant resource, is pushed
towards non-farm options because the productivity of their
farms have dwindled over the years without the benefit of
enhancing inputs and the latter due to serious resources
constraints.

Results of varietal preference exercise such as that
done during the focused group discussions with farmers
in the sites, or field days elsewhere, are not guarantee
for adoption. It is helpful as informative guide and tool
to understand their choices; a really “iffy” situation.
Sustained adoption is beyond simple preference, and
is discussed here in terms of the interplay of a web of
factors and constraints. Understanding these would be a
plus to any breeding program. The demand for varieties
is a derived demand. Without relevant use and effective
markets, there can be no sustained adoption; only try-outs.
Under the cases here, only the hybrid cassava varieties
(i.e. Golden Yellow, Lakan) were reasonably adopted
because of their fit to farmers’ preferred traits, uses and
markets.

It is clear that because small rootcrop farmers are
resource-poor and live in complex, diverse environment,
any effort to work with them especially with varietal
in an environment with

introduction should be done

reasonable support system made possible by some

institutional innovation. This is a policy concern that
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research and development institutions should consider.
These are policies that deals with demand (e.g. market
development, development of related technologies like
processing, distribution and promotion strategies), supply
(e.g. production inputs like fertilizer and capital as part
of support system), and linkage policies (e.g. extension/
training approach, institutional creativity, organization
skills).

Where does the question on drought tolerance fit?
The bio-physical factor is a first-order condition since the
physical environment (e.g. climate, terrain, soil quality)
is a given in the short run. Thus, the farmer-decision
maker takes this also as given in his own sphere. He only
makes with whatever planting material is left after a dry
spell. Since, most of rootcrop growing areas face at any
one time risks of drought, screening for drought tolerance
would indeed be relevant to the farmer’s problematic
environment and resources. Overall, given the complexity
of circumstances that are factored in the farmers’ decision-
making strategies to sustainably adopt varieties from
the farmers’ own sphere to that of the institutions (i.e.
Research and Development policies), any research and
development activity that hopes to eventually make the
farmers’ lives better through the adoption of technologies
should be designed with a greater partnership between
the natural-technical and social scientists and the local

partners and communities.
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ABSTRACT

The enzyme activity of polyphenol oxidase (PPO) for Japanese processing potatoes, Toyoshiro
(bruise-resistant variety) and Norin No.1 (susceptible one), was measured at different pHs or
substrates to investigate pH or substrate-specificity dependence. The pH-optimum of Toyoshiro
PPO was pH 6.2-6.6, whereas that of Norin No.1 was 5.4.  In addition, the PPO activity level of
Norin No.1 was approximately 6 times higher (p<0.01) than that of Toyoshiro, when the specific
activities were determined by using tyrosine as a substrate. This result implies that less tyrosine
content of potatoes could reduce blackspot bruise. This information may be useful for breeders in

developing new blackspot-bruise-resistant varieties.
[Key words] potato tuber, PPO, pH, substrate
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Introduction

Potato tubers are largely parenchymatous, lacking

specialized secondary thickened tissues (Peterson et

al. 1985).  As a result, they are susceptible to various
forms of damage during commercial production including
external and internal defects. Internal damage (blackspot
bruise) resulting from the effects of impact on tubers
during harvesting operations alone may cause losses in
excess of 20% (Storey et al. 1992).  Although it may
be a simple matter to grade out tubers showing external
damage, blackspot bruise is not visible until after peeling
(McGarry et al. 1996). Thus, blackspot bruise is a major
quality problem that causes substantial economic damage
to potato breeders and the potato processing industry
worldwide (Stevens et al. 1997).

Studies  associating enzymes with  blackspot
susceptibility have been concerned primarily with PPO
(Mondy et al. 1960; Weaver et al. 1970). Several
researchers reported that a positive correlation had been
found between PPO and blackspot incidence (Vertregt
1968;Mapson et al. 1963).

The reaction rates for enzymatic blackening depend
on pH and substrate specificity. Although there are many
reports about pH-dependence and substrate specificity of
potato PPO in many countries, these properties of the
Japanese processing potato PPO has not been determined.
Thus, this study was initiated to investigate the properties

of PPO activity for two Japanese processing potato

varieties.

MATERIALS AND METHODS

Source and tuber preparation

Two varieties of processing potatoes were used:

Toyoshiro (bruise-resistant variety) and Norin No.1
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(susceptible one). Toyoshiro and Norin No.1 potatoes were
harvested on Sep. 17, 1996 and Oct. 9, 1996, respectively.
After harvesting, these potatoes were stored at 6°C (above
Both potato varieties approximately 150g in

90%RH).

size were used for experiment.

Sample preparation

Four potatoes were selected for analysis at random,
washed, and the basal portion of the tuber was cut for
Then, the potatoes were peeled and diced into

analysis.

approximately 5 mm cubes.

Preparation of crude homogenate

Preparation of the crude homogenate was utilized
the method described by Hsu et al. (1988). Potato cubes
(25g) were homogenated in a waring blender at high speed
for 90 sec with 25 ml of M/15 cold sodium phosphate
buffer (pH 6.8). The homogenate was rapidly filtered
through four layers of cheese cloth. The filtrate was

centrifuged at 18,000 X g for 10 min at 0°C. The resulting

supernatant was served as the crude homogenate.

Sephadex G-25 chromatography

Two ml of crude homogenate were rapidly applied to
a Sephadex G-25 column (i.d. 1.5 cm X 10 c¢m), and eluted
with M/15 of sodium phosphate buffer, pH 6.8 (flow rate:
1 ml/min.). After chromatography, the void fractions

were combined and used to determine PPO activity and

protein content.

Protein assays

Protein content was determined to find the specific

PPO activity. Protein content was determined using CBB
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(Coomassie Brilliant Blue G250) regent as described by
Bradford (1976). Omne half ml of the void fractions were
diluted with up to 5 ml of distilled water. To 1 ml of this
solution, 5 ml of CBB regent were added. The mixture was
shaken well, and allowed to stand for 10 min. At 595 nm,

the absorbance was measured. The protein content was

determined by using bovine albumin as the standard.

Determination of PPO activities

The procedure described by Hsu et al. (1984) and
Weaver et al. (1970) was used to determine the PPO
activity.

PPO activity was determined using tyrosine,

chlorogenic acid and 3, 4-Dihydroxyphenyl alanine
(DOPA) as substrates. The reaction mixture with tyrosine
was 3.0 ml of M/15 sodium phosphate buffer, pH 6.8,
containing 6.7 UM of tyrosine. The reaction mixture
was added into glass cell containing 0.75 ml of enzyme
solution. The changes in optical density at 410 nm were
followed at 15 min intervals for 150 min (Weaver et al.
1970) at room temperature (20°C). With chlorogenic acid
as the substrate, the reaction mixture was 3.0 ml of the
same phosphate buffer (pH 6.8) containing 21.4 uM of
chlorogenic acid. The reaction mixture was added into a
glass cell containing 0.75 ml of the enzyme solution, the
changes in absorbance at 390 nm (Weaver et al. 1970)
were determined at 1 min intervals for 11 min at room
temperature (20°C). Using DOPA as the substrate, the
reaction mixture was 3.0 ml of the phosphate buffer at
different pHs (M/15: pH 5.0 , 5.4, 5.8, 6.2, 6.6, 6.8 and
also 7.0) contained 15.0 puM of DOPA. The mixture
was added into a glass cell containing 0.75 ml of the
enzyme solution, the change in absorbance at 420 nm
was determined at 1 min intervals for 11 mins at room
temperature (Hsu et al. 1988). Under these conditions,

one unit is defined as the change in absorbance divided by

the determination time.
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RESULTS

pH-optimum of PPO activity

Fig. 1 shows the effect of pH levels on PPO activity
of the Toyoshiro variety. The change in activity shows

a maximum from pH 6.2 to 6.6. The activity decreased
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Fig.1. Effect of pH on PPO activity(Toyoshiro)
below pH 6.2 and above pH 6.6. Fig. 2 shows the effect
of pH levels on PPO activity of the Norin No.1 variety.
The activity levels peaked at pH 5.4, and gradually
declined until pH 6.6, and then rapidly dropped above

pH 6.6.
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Table 1. Substrate specificity of specific PPO activity
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(units/mg protein)

Substrate Toyoshiro Norin No.1
o-Diphenols
Chlorogenic acid 0.752a 0.662a*
DOPA 0.460b 0.607a
Monophenol
L-tyrosine 4.43X10°b 2.42X10%

*Means in each row with same letter are not significantly different (p<0.01)

Substrate specificity of processing potato
PPO activity

Table 1 lists the substrate specificity of the PPO
of processing potatoes. During the course of reaction,
brown, red and finally black pigments were formed by
tyrosine and DOPA, whereas lighter colored (yellow-
green) pigments were produced by the chlorogenic acid.

The PPO activities of Norin No.l1 variety were
considerably higher (P<0.01) than those of Toyoshiro
variety excepting the activities with chlorogenic acid,.
In particular, when tyrosine was used as a substrate, the
activity of Norin No.1 variety was about 6 times higher

than that of Toyoshiro variety.

DISCUSSION

Figs 1 and 2 indicated the pH-optimum of PPO
activity. PPO of Toyoshiro variety showed a maximum
activity from pH 6.2 to 6.6, and Norin No.1 variety peaked
at pH 5.4. These plots are similar in shape to the one
obtained by Alleghina (1964) and Suresh (1965). It is well
known that enzymatic browning is more rapid at higher
pHs, whereas it is slower at lower pHs (Muneta, 1977).
However, in the Norin No.1 variety, maximum activity
was observed at pH 5.4. This result is in agreement with
the results reported in an earlier study on the Kennebec
variety (Suresh et al. 1965).

Table 1 indicated the substrate specificity of the PPO.

The specific activity of both varietys with chlorogenic acid
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and DOPA (O-diphenols) as the substrate was higher

than those with tyrosine (monophenol). This supports

the results reported by Suresh (1965). The conversion
of tyrosine to DOPA by PPO takes several minutes and
chlorogenic acid oxidized almost immediately. PPO
shows two different enzyme activities in vitro (Takeuchi
et al. 1996). One is the oxidation activity and the other
is hydroxylate activity. PPO oxidizes O-diphenols to O-
quinones in the absence of an electron donor, while it
hydroxylates various monophenols to diphenols in the
presence of an electron donor such as L-ascorbic acid.
The PPO of Norin No.1 (bruise-susceptible variety) had
about a 6 times higher activity level for tyrosine than that
of Toyoshiro (bruise-resistant one) (Table 1). Thus,
these results can propose that hydroxylate activity of PPO
is a key activity for enzymatic browning in the potato.
Hughes (1974) reported that the major phenolic substrates
in potatoes are chlogenic acid and tyrosine. Therefore,
less tyrosine content of potatoes could reduce blackspot
bruise.  This information may be useful for breeders in

developing new processing potato varieties resistant to

blackspot bruise.

SUMMARY

The enzyme activity of PPO for Japanese processing
potatoes, Toyoshiro and Norin No.1, was measured at
different pHs or substrates to investigate pH or substrate-
specificity dependence.

The pH-optimum of Toyoshiro

PPO was pH 6.2-6.6, whereas that of Norin No.1 was 5.4.
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The PPO activity level of Norin No.1 was approximately
6 times higher (P<0.01) than that of Toyoshiro when the
specific activities were determined by using tyrosine as

substrate.
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ABSTRACT
The pH, polyphenol content and polyphenol oxidase (PPO) activity in stem end, middle, and bud
end of Norin No. 1 potatoes, one of processing varieties in Japan, were measured to investigate their
respective distributions. The stem end area had a higher pH and PPO activity in the three areas.
This result points out that careful harvesting and postharvest handling are needed especially at the

stem end area of potatoes because of its high PPO activity.

[Key words] distribution, potato tuber, pH, polyphenol, polyphenol oxidase
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a major quality problem and causes substantial economic
damage to the potato breeder and the potato processing
industry worldwide (Stevens et al. 1997).

Three million tons of potatoes are produced annually
in Japan(Ministry of Agriculture, Forestry and Fisheries
of Japan 2004) and blackspot bruise of potatoes possesses
a serious problem.  As for the biochemical properties
of blackspot bruise, Mathesis (1997) pointed out the
following three factors: polyphenol content, polyphenol
oxidase (PPO) activity and pH. Hironaka et al. (2006)
reported that PPO activity is the main factor causing the
bruising.

Various studies have been reported on pH (Iritani et
al. 1974; Smith 1987), phenol content (Reyes et al. 2005;
Reeve et al. 1974; AL-Saikhan et al. 1995; Corsini et
al. 1992) and PPO activity (Reeve et al. 1974) involving
distribution of the above three factors within a potato
tuber. Japanese potato growers and processors need to
know the respective distribution of these factors within
tubers in order to reduce the blackspot bruise during
harvesting, transport and storage. = However, there is
no published research on the distribution of these factors
in the Japanese potato tuber. The aim of this study is

therefore to investigate the distribution of pH, polyphenol

content and PPO activity in the Japanese potato tuber.

MATERIALS AND METHODS

Materials

Tubers of Norin No. 1 cultivar, which is one of
processing potatoes in Japan, were harvested at a farmer’s
field in Obihiro in October, 1994. After harvesting,
30 tubers were put into each mesh onion bag, and these
potatoes were then stored at 12°C and 90-95% RH for 105

days. Samples used in this experiment were approximately

150 g.
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Preparation of crude enzyme solution

The homogenate was prepared according to the
method described by Hsu et al. (1988).  FEach of the
five unbruised potato tubers in the bag was separated into
three tuber areas: stem end, middle and bud end (Fig.

1).

5 mm cubes.

Each divided potato was then peeled and cut into
After mixing the cubes completely, 25 g
samples (cubes) were homogenized in a Waring blender
at high speed for 90 sec with 25 ml of cold M/15 sodium
phosphate buffer (pH 6.8). The homogenate was rapidly

filtered through four layers of cheesecloth, and the filtrate

was then centrifuged at 18,000 X g for 10 min at 0°C.

Middle Bud and

| |

Stem end

Fig.1. Potato tuber areas

Two ml of the supernatant was rapidly applied to a
Sephadex G-25 column (i.d. 1.5 cm X 10 cm), and eluted
with M/15 of sodium phosphate buffer, pH 6.8 (flow
rate: 1 ml/min). The higher molecular weight fractions

of the eluate were combined and served as crude enzyme

solution.

Determination of PPO activities

The procedure described by Hsu et al. (1988) and
Weaver et al. (1970) was used to determine the PPO

activity. PPO activity was determined using DOPA (3,
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4-Dihydroxyphenyl alanine) as a substrate. The reaction
mixture consisted of 3.0 ml of M/15 sodium phosphate
buffer, pH 6.8, containing 15.0 M of DOPA.  The
mixture was added to a glass cell containing 0.75 ml of the
crude enzyme solution, and the changes in absorbance at
420 nm were determined at 1-min intervals for 11 min at
room temperature.

One unit was defined as the change

in absorbance divided by the determination time.

Determination of total phenol contents

Phenols were determined using a modification
of the protocol proposed by Walter et al. (1979). The
lower molecular fractions eluted from the Sephadex G-
25 column were added to 0.5 ml of Folin-Dennis reagent
(Swain et al. 1959), and thoroughly agitated. After 3
min, 1 ml of saturated sodium bicarbonate solution was
added to the mixture, and then thoroughly agitated. After
allowing to stand for 1 hr, blue discolored fractions were
mixed, degassed for 10 min, and the absorbance at 725

nm was measured. The phenol content was determined

using chlorogenic acid as the standard.

Measurement of pH

The procedure described by Iritani et al. (1974)
was used to determine pH of tubers. Potato cubes were
homogenized in a Waring blender for 1 min. pH was
measured by placing a pH meter electrode into the potato
pulp slurry.

All chemical analyses (phenol content, PPO activity

and pH) were performed six times.

Data analysis

Data were analyzed by means of one-way analysis of

variance (ANOVA) and a two-tailed t-test (SPSS 1992) to

determine significant differences.

RESULTS AND DISCUSSION

Fig. 2 and Table 1 indicate the differences in pHs
among stem end, middle, and bud end areas. As shown
in Fig. 2, pHs increased approximately from 5.9 to 6.6
during storage. Iritani et al. (1974) indicated that pH of
potatoes ranged between 6.0 and 6.3. Mathesis (1977)
also reported that the pH of potatoes ranges between 5.6
and 6.4. The pH range in the present study was almost
similar to those of these previous reports (Iritani et al.
(1974); Mathesis (1977)). The stem end had a higher pH
than the bud end (Table 1). This result agreed with the
previous findings (Iritani et al. (1974); Smith (1987)) that
pHs of the stem end of potatoes were higher than those of

the bud end.

10

W Stem and - Middle & Bud and

H_E._

pH

6.0

55 = T | ] T T
i 20 40 il &b 100 120
Storage time {days)

Fig.2. pH of potatoes stored at 12°C
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Table 1. Mean pH of stem end, middle, and bud end of potatoes over storage period

Area pH
Stem end 6.31a*
Middle 6.17ab
Bud end 6.12b*

*Means with same letter are not significantly different (p<0.05)

The difference in polyphenol content among tuber
areas was shown in Fig. 3 and Table 2. As shown in this
figure, the polyphenol content of each tuber area increased
during storage.  The increase in polyphenol content of
potatoes during storage was earlier reported by Hironaka
et al. (2006). There were no differences in polyphenol
content among the three areas (Table 2) while a higher
concentration of polyphenol was found at the stem end

than the bud (Reyes et al. 2005; Reeve et al. 1974; AL-

Saikhan et al. 1995; Corsini et al. 1992).
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Fig.3. Polyphenol contents of potatoes stored at 12°C

The PPO activities of each area are shown in Fig.
4 and Table 3. PPO activities remained constant or
slightly decreased during storage (Fig. 4). The stem end
had a higher PPO activity than the bud end (Table 3).
This result agreed with the study of Reeve et al. (1974)
indicating that PPO activity of the stem end was higher

than that of the bud end.

200
B Stam and @ Middls & Bud and

2

PPO sctivity [uwnel! 100y frowt)
=
]

ﬁl:l T ] ] 1 T
i B0 B0 100
Storage time (days)

120

Fig.4. Polyphenol contents of potatoes stored at 12°C

Table 2. Mean polyphenol content of stem end, middle, and bud end of potatoes over storage period

Area Content (g/100g fr. wt.)
Stem end 0.78a*
Middle 0.63a
Bud end 0.57a

*Means with same letter are not significantly different (p<0.05)
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Table 3. Mean PPO activity of stem end, middle, and bud end of potatoes over storage period

Area Activity (unit/100g fr. wt.)
Stem end 1.54a*
Middle 1.40ab
Bud end 1.37b

*Means with same letter are not significantly different (p<0.05)

As to the relationship between pH and PPO activity,
Suresh et al. (1965) reported that potato PPO has a
maximum activity at pH 5 with a relatively high activity
around pH 6. In Fig. 1, pHs of Norin No. 1 potatoes
roughly ranged between 5.9 and 6.6. Thus, potato PPO
could work comparatively active at the present pH range
(5.9-6.6). Moreover, the average polyphenol content of
the bud end (lowest area) was 0.57 g/100g fr.wt. in Table 2.
This value can be converted to 22.1 mM of chlogenic acid
with chlogenic acid being a main polyphenol in potatoes
(Swain et al. 1959) and the mean moisture content of the
Norin No. 1 variety being 73 % (Hironaka et al. 1974).
Km value of potato PPO is 1.7 mM as a substrate of
chlogenic acid (Kiattisak et al. 1999), and the value of
22.1 mM in this study is roughly 13 times higher than the
Km value (1.7 mM). Therefore, all areas in the present
study had abundant polyphenol contents for PPO activity.
In Table 3, the stem end had a higher PPO activity than
other areas.  Hironaka et al. (2006) reported that PPO
activity is a limiting factor for bruising. = Thus, when
tuber cells beneath the surface of a potato are damaged,
blackspot bruise occurs more at the stem end than in other
areas. This result suggests that careful harvesting and

postharvest handling are needed especially at the stem end

area of potatoes because of its high PPO activity.

SUMMARY

The pH, polyphenol content and polyphenol oxidase
(PPO) activity in stem end, middle, and bud end of Norin

No. 1 potatoes were measured to investigate their respective

distributions.  The stem end area had a higher pH and
PPO activity in the three areas, whereas no difference in

polyphenol content exists among the three areas.
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Table 1 Extract’s weight, polyphenol contents and relative antioxidant- and radical scavenzing activities of

Adzuki beans extracts.

Condition(1)’ Condition(2)’ Condition(3)’
Ex A Ex B Ex C Ex D Ex E Ex F
Extract (mg)' 62.2 43.4 101.0 18.0 59.2 49.2
Polyphenol (mg) 7.7 5.2 10.8 2.0 7.2 5.9
(a) DPPH (%)’ 62.6 76.9 81.9 73.5 57.1 71.0
(b) NBT (%)’ 38.1 47.9 33.5 38.5 31.8 39.3

! Extract show extract’s weight of 5g seeds.

®Relative antioxidant and radical scavenzing activities measured with (a)250 (g and (b)50 g of each extract.
*Ex A is extracts at 20°C condition during 24hours from 5g seeds.

Ex B is extracts at 100°C condition during lhour from seed coat of treated seeds.

Ex C is extracts at 50°C condition during 5Shours from 5g seeds.

Ex D is extracts at 100°C condition during 1hour from seed coat of treated seeds.

Ex E is extracts at 100°C condition during 15minutes from 5g seeds.

Ex F is extracts at 100°C condition during 1hour from seed coat of treated seeds.

Table 2 Seed characterizations and polyphenol contents of 13 varieties of Adzuki bean seeds.

L*a*b* value' Polyphenol Polyphenol

No. Varieties Skin color L* a* b*  C* (mg/100g seeds) (mg/100 grains)
1 Erimosyouzu Garnet Brown 34.04 23.14 13.43 26.75  227.2 £ 10.6 38.6 £ 1.8
2 Akanedainagon Garnet Brown 32.42 21.83 12.7 25.25 175.2 £ 4.0 35.0 £ 0.8
3 Kamuidainagon dark Garnet Brown 32.23 21.64 11.13 24.34 236.0 = 4.6 31.5 £ 1.2
4 Tokei 38gou light Garnet Brown 45.5 16.66 22.27 27.8 161.8 = 3.2 32.4 £ 0.6
5 Kurosyouzu Black 20.18 1.75 -1.07 2.05 290.6 £ 9.0 43.6 = 1.4
6 391-PI157633 Black 21.93 1.14 -1.44 1.84 337.4 £ 8.4 37.1 £0.9
7 Hokkaishirosyouzu Ivory Yellow 68.63 0.29 25.08 25.08 85.6 £ 9.2 129+ 1.4
8 Kaihakukei-4 pale Olive Buff 59.96 4.5 23.72 23.72 159.2 = 5.2 30.3 £ 1.0
9 Midorisyouzu bull Green Yelllow 53.16 -3.23 27.23 27.42 132.6 £ 2.4 22.5 £ 0.4
10 Buchisyouryukei-1 Garnet Brown, mottled - - - - 265.6 = 5.8 23.9£0.5
11 Kumamoto zai63 bull Green Yelllow, mottled - - - - 225.2 £ 12.2 21.3 £ 0.6
12 Anekokei-1 Ivory Yellow, partly Garnet Brown - - - - 128.8 + 8.8 245 £ 1.6
13 382-PI157633 Ivory Yellow, partly Black - - - - 211.2 + 8.2 33.7+1.3

' Values show average for more than 50seeds. C* = (a*2 + b*Q)
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1D oORY 7

M Table 2D FHFfE No. 12X L TW5), F/=, R 7

Table 3 RP-HPLC profile of 13 varieties of Adzuki bean seed polyphenols.

(%)

No. Varieties CG C PC OMG ODG QTG Unknown
1 Erimosyouzu 27.2 19.2 24.9 3.4 6.4 10.4 8.5
2 Akanedainagon 19.8 46.5 12.9 1.7 - 9.9 9.1
3 Kamuidainagon 36.0 31.8 15.5 - - 4.7 11.9
4 Tokei 38gou 19.3 31.6 11.4 0.5 1.5 7.7 27.8
5 Kurosyouzu 22.3 40.7 9.8 1.2 3.3 11.1 11.7
6 391-PI157633 24.7 44 .4 14.8 - 2.1 10.2 3.8
7 Hokkaishirosyouzu - 40.0 6.1 2.8 1.3 11.5 38.3
8 Kaihakukei-4 61.1 19.9 11.4 - - - 7.6
9 Midorisyouzu 39.9 25.7 15.7 - 1.1 4.5 13.1
10 Buchisyouryukei-1 18.9 35.6 15.0 2.0 3.6 13.9 11.1
11 Kumamoto zai63 37.2 39.0 6.5 - 1.0 6.0 10.1
12 Anekokei-1 18.6 53.3 10.4 - 1.5 7.0 9.3
13 382-PI157633 17.2 46.4 10.1 1.0 1.5 13.2 10.6

Abbreviation; CG: Catechin 7-glucoside, C: Catechin, PC: Procyanidins, QMG: Quercetin monoglycosides,

ODG: Quercetin diglycosides,
-:Not detected
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Fig.1 Correlation between (A)DPPH radical scavenging activity, (B)superoxide scavenging activity and polyphenol of

Adzuki bean extracts.

(®) show Ex C and (<) show Ex D from No.1-13 samples at Table 2, respectively.
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Abstract

We examined the correlation between polyphenol
content and antioxidant activity of about seed coat-colored
different 13 varieties Adzuki beans. Two hypothetical
methods are proposed as the method of appraising the
antioxidant activity of Adzuki beans. (1) Except bicolor
Adzuki beans, polyphenol is included much so that the
seed coat color is dark, in other words, the L value is small.
(2) As polyphenol content is large, antioxidant activity are
high. Polyphenol is two successive extracts were prepared
from Adzuki beans as follows: the total that extracts with
50°C water for 5 hours from seed, and subsequent extracts
with 100°C water for 1 hour from seed coat of treated

seeds. This evaluation method can apply to both mono-

color and bicolor Adzuki beans.
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Blood glucose level rise control and pancreatic lipase inhibition of small fruits polyphenol
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—ORY T = )= E BT T ACE X2 2 A, A =T ARY—DRY T = ) /LT
MBEE EFHIHER 23D S8, Ly BT AR —OFFUSITBEERERNRD SR o1,
TR T =oEm R LK) NR—BIEEDL0%ME LR TARY 7 = — VR (1C,) & ORIZIEIE
OMER, AV A~v—BRY 7 = ) —LOEIEG LY N —BIEED0% HEL RTRY 7= ) —
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SR FERE AL PR R A R RE PR S S
(vLaboratory of Food Nutritional Science, 2?Laboratory of Food Engineering. Department of Food Production Science, School
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Hokkaido,Japan. *»Divisions of Bioprocess Engineering Specialties of Science of Bioresources, United Graduate School of
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(McDougall et al. 2005) 72 & &7~ 2 LS SN TND,
Flo, T RT =YD T = ) =B E LT,
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2000) 7 EaR T 2L bWMESNTWD, i, T ANY
—DFEVRGToD T AR = N AT THA oD
SRS CRY, 7Y A oD 3EREDNE
HIRBEN RSB B (LD 2003 5 SFH S 2003),
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\21E, R, HEKOREAOREEE - o N GFIE
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RY—=LHPDOT T v 7 XY —RFET, BRLTHAZN
L HIZAN R WERTEGICKAIT S Z N TE 5,
ARFFETIE, R CEREGTREZ/NRFEDOR Y 7 =
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TEHRICRITTHBEH NI L LD L LT,

KRBEMHR VA X

1. INREDEFE L
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AN 3, SATANGE,
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Rubus idaeus, 4% : Waindar-bayred, Skyna, Neutoka),
2O 2 —F ANY — (3 —n v/ FAF,
Rubus idaeus, 5:FE4 : Fargold, Golden-emperor) 3 kX
CIRFED T T 7 FARY —(F—8m y ¥ A F,
Rubus idaeus, AR &7 T v 7 XY — (A3 V
Y7 A F 2, Rubus fruticosus, fEisA~H), 7 A~Y
— (kA =3 v RZ Y, Ribes uva-crispa, ShfE4 ), L
v RH—F2 N TZH ATV, Ribes rubrum, S-Fi4AH),
TH=_XY—(Fua~A /X, Vaccinium uliginosum,
nhFEA AN,
vitis-idaea, ShTEARW]) ORIET, HELTHRSOF H =
5T 8 AN b 10 OUUHEE NI LTe, &/ DRFEITA
IR, SRELIFV—CTHREITA AL T 2—
b—& L, 12.5g ISR 3MEED 5 XM A L/ — /v %]

Vg Ry —(arex, Vaccinium

RACT v N T =V EEEDRRY 7= —/VEEZ I L
72 UMD 2005), ZOOFRIEE, FEROEIEL 3EILE
MR L ChitR 250, IRMER ICIBRIRATE LTz, &4
Higie —4 ) —= R L—% —CREEE L, —Es
DRI\ EIRS%, HP20H T L (40 X 15mm) (ZffE L, 7%
HAKRTHRIFR TS /) — il 2 iR ) 7= ) —n e
L7z, F722O—EIFRM I LH-204 7 2 (40 X 15mm)
LT, =&/ —)b, XAZ ) —=LBRT60%T &
TR L CHE 9 A ST IS AW (FFE S 2007)

2. MHEEDAE

I3l DM~ v A (ddY &, HA SLC) & —AM OBk
B CNES  2007), 16HFEOMAER, %5 A
—RERY 7 = ) — /L H3250mg/ kg (REIT72 D L O ITH
L= bOERERG D300 7 TRAKE L, B
Wi (2g/ kg thf, TU7 v ROIATu—R)2h 27,
B hE%, 3055
FLvYa QLD (TARy Mickymh s ra—2a
EZRE Uiz, B EBRIIHIL S E R EBY R E B

KORBEBT, HA FTA AT T2,

, 604557143 LN 204514 12 BRI L C,

3. WOREREEEEEROAE
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V= bu b U FOLEKERTR GEEH) &I 2 T L0 [HIdhE
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FIGHEXAE U8 RN O RN Lz, £z,
a v 2 — IR E I,
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PR 121, 5ml 0. IM Y g
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b ) FOVERARE IR (GE A 202 T10455 Hubige
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TIRERDBRIEE F2hi L 7= BROAE & 07 X 0 W REE SR T
PEOPLER (%) KON ICH R H LT,

4. RYIx/—L, 7Y rITZUBLURBLEE
DBRIE
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BEF b U U LEINATHEBE, 30COT 4+ —F—/2
T304 MRS L7z, 3000rpm |2 X % 3 L 3% D 760nm 1
FefEZ R, FEEEI0g 4 OATF U YELE LT
WY 7z —VwmERH L, 872 M7 =i

pH-differential % (Subramani et al. 2002) [ZfEV>, #F
ffEF100g MV DT =V 3-7rav RELLT
B Uz, 70 o7 = AR, 90H HPLC (R ERTRY)
THHT Lz, 40°COWiFE% Z L ; Phenomenex C18(4. 6mm
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Aoz a7 b= kUL (EEEHEB) 2 AR B 23
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THWZ(E TS 2005), Hrig{biEMEiL, 1, 1-Diphenyl-
2-picrylhydrazyl (DPPH) 7 ¥ 7 /Wi BiE M & U CREAfl
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D 0.5M DPPH- = & / — VIR 2 N % CIRA 14,
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L (B e 2z, BERAEEITOIRE L7, 20u
1 OFEEE R, 30 u1 DORHRFEY 73— (3mg/ml, EC
3.1.1.3, Sigma), 201 OBEFRE DY v 7 VKK %
E<IRFItR, 37°C, 304MKIS &4, 7272512 NEFA-C
T A b7 a— (Reilis) & v ClEsene i &4 e L
Too A2 N — T DR R & O LN D,
JEE ) /S —BIGPEIT R D B (%) L OV IC &2 B Uiz,
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1. MAEED LS MG R UCHEIBEREEOET

Ly RZARY —, fZm—F3 AN —BLURT T
75 ARY —=DRY T = )=k lmilic~ v RS
LT, Tv7rvEEELIEEE, A2 —F AR —0D
RY 7z ) — Vb Uiz~ U 2030453t O b EIZ D
KA/ EFIHINRD b, 2 b r—LDF80% D
%R L7 (Table 1), F72, Azu—A%&HKG Lk
XL, AT —FARY —DRY 7= ) —ViEERE L
TP RIZO A I MAEE LA AR 5h, =
s —EDOKIT5% E R LTz, £z, Ly KT AXY —
T T I TFTARY—ORY) Tz ) —NVEFKE LY
ZOMBEENE, £ EIRER 5605, B 5141205
®IiZ, v he—LOMbEEL Y FEICEWMEZRL,
IMFEE O ST AME T OHIHI 23R 7z (Table 2),

n—=F AR =BT T v I TARY =R Tz /—
NV DB0%IEMEFLERREE (IC) Z|E L& A, Ly R
FARY —RY T x ) —)LD IClF9Tppb, f =11 —
ARY —RY 7 = ) —/LDZ{LUT101ppb, 7T v 7 T X
ANY =R T = /=)L DEFLIL588ppb T o 7= (Table
3)o FERIC @ - 7L a v B —B IR 5 50 %15 MR
FRE(1C) ZMELEZA, Ly RTARY =K
7 x ) —/DFHNIFTAT9ppb, 4 T —F ARY —R Y
7z ) —I)VDZERIE34ppb THH T2, T T v I T K
RY—RY 7z = /VITEFBAFEHARNZE A ERO BN
7eho Tz (Table 3), in vitro ERRIZEBNT, Ly RTX
RY—=RY) Tz ) —WFA 2 —F AR =K 7=/
— /b & R EENZWE iR DI DR SIS, in vivo
FRTIEA = —F AN =K 7= /) —/MIDHHR
R fREE 7 OIHETER S8 b, ThbdZ &

Table 1 Blood glucose level (mg/dl) in short-term administration of RRBP, YRBP

and BRBP after feeding with starch

Time (min) Control RRBP YRBP BRBP
0 87.5 + 22.7 92.8 £ 9.3 85.8 = 4.6 92.5 + 12.9
30 300.0 = 28.3  303.0 £ 26.3 239.0 + 34.0* 313.8 = 28.1
60 267.5 £62.2  240.0 = 35.4 205.8 £ 26.4  253.0 = 54.6
120 109.3 = 25.7 106.8 £ 15.4 96.0 £ 14.4  100.8 = 15.5

Abbreviations : RRBP, Red raspberry polyphenol ; YRBP, Yellow raspberry
polyphenol ; BRBP, Black raspberry polyphenol.

Values are means =+ standard deviations for 4mice.

*p<0.05.

Table 2 Blood glucose level (mg/dl) in short-term administration of RRBP, YRBP

and BRBP after feeding with sucrose

Time(min) Control RRBP YRBP BRBP
0 86.0 = 11.5 92.0 = 29.3 80.8 = 15.8 93.3 £ 10.6
30 187.5 £+ 16.1 191.5 = 19.3  141.5 = 20.7* 181.0 = 10.6
60 155.3 =£12.8  199.0 £ 31.9* 160.8 + 32.7  178.3 = 15.9
120 100.5 £ 9.9 112.5 = 16.1 116.5 £ 37.2  122.3 £ 17.7*

Abbreviations : RRBP, Red raspberry polyphenol ; YRBP, Yellow raspberry
polyphenol ; BRBP, Black raspberry polyphenol.
Values are means *+ standard deviations for 4mice.

*p<0.05.
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8.3332, R*=0.6364), ZI O DfERNL, INREDH

FEALIGMEIEAR Y 7 = 7 — VERICHBET 5 2 L VRS
7o LU, /DNREHITIIRY 7 = 7 — VDML
EPEERT T RAaL e @goehas ) A R EREENR
TWBHDT, ZhbEDOHEEERICONT LA H%IRGTT
LIMLEDNDA D,

INREORTT > b T = EBRNRLE N T-0
7T TANY —(416.2+17. 1ug/g) TH Y, K
TT7H~_VY—(130.7£6.7Tug/g), 77 v 7 XY —
(121.0+4.9pg/g), VT ~_U—(106.0+1. 44 g/g)
Th otz (Tabled), 7 F 7 = U E MR L7
LZAH Ly RTARY—D1IETHDLUA X —N
— L v R T Cyanidin-3-sophorosid, Cyanidin-3-
glucorutinoside, Cyanidin-3-glucoside, Cyanidin-3-
rutinoside 2%, 77 v 7 7 A~V —TClX Pelargonidin—
3-glucorutinoside X° Cyanidin-3-rutinoside 7%, 7
v 7 5 XY —T|% Pelargonidin-3-glucorutinoside
DERDELTROON, 7T 97 FARY —TEIh
LSO bEEERO bz, A TR —TF ARY —2
AT, MORELIBRLTT Y Mo T =& EN D
KA (77 ==L R ;2.0+4.0pug/g, T—LT
YL NRT—0.920.0ug/g), AV AT—RRY T =
J =V DEIE IR ERED R STz,

FINREDORY 7 = ) —/V% Sephadex LH-2071 T A
vm< b7 74— Tl L7z, Sephadex LH-20
HhThra~ NTT7 =K DEREARZ =%, KE
MIRARY 7 = ) =N Do (ERE) DFEWERT I L
DS N T D (Takahata et al. 2001), $72bbh,
T4 ) —VEHESNE, T R T L,
AL = VBN TERESEDORY 7 = ) — V(X

Table 3 Polyphenol concentration which inhibits @ -amylase and

« -glucosidase activity to 50 %

50% inhibition concentration (ICs, ppb)

« -amylase @ -glucosidase
RRBP 97 479
YRBP 101 314
BRBP 583 n.d.

n.d. : not detected
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OB, FERREST, /NG

VEUVERE A IR T =) —), 60% T
T RV
INDEHEINTNWD, 7T 7 TFTAXNY —RY 7=
J =)L Z i AL
b, BIEDINY%DRY 7= ) — LRI R ) —)T
wEH LTz,
PUEDOKRY 7= ) —ARTH ) — VTR LIz, LinL

WEEEAEDORY 7 = ) — VHENEH

BRIl R Tx ) —E

—ARY 7=/ —)LTiE, 50%

Ly K7 RRY

2 MDA e —F AXRY —Tl|L, 77—I—/)L N T24

%
B ) — VR H ]

=)L T L _NT—T3M4%DRY) 7 = ) —)L)RT

/\ =
\—wh

Wbz, iz, f=r—F AN
V=R 7= /) —/LOFT, 60%7 & o TIHEH LR
U7 x ) —ILOEE

1$69% & milroTeDlzxt LT, 77

v 7 TGANY =T v _RY =R T = ) —DEAIT
1%UFThHol, FARY =LY —3RY 7
=/ =ML, AZ =NV THEHLERY 7=/ — L0
HAB5%U LERL, fOREL (TR DRHHAE T LI
(Table 4), ZIHDZ EMbA T r—F XY —LISk
DODREORY 7 = 7 — /L, £/ ~—RRZ R
WZHY, BT T vy TARY =7 =Y — Tl
Fio® ) ~—HBIRY 7 = ) — AR EOEERE RO N
HEER ST, FloRFIEPIAY I~v—RKRY 7 =
AR EER, REORHICLY, EHENRRRDZ
EWRE SN, A,
DI RGPS S LD,

F ) dw—TRY) 7= ) — VA

W, AL, NEE

3. BEUN—EEEDOEE
HBNRERY 72 ) — LOREY S—BIEPEIC R S

50% EMERLE IR E (1C) 3Rz & Z5H, A =Tr—TF X

R —D 7 7 —A2—)L K28 2ppn, T—/LF LT

N7 —T3LT7ppm KOy RTAXRY —DX— ~HT
32. Tppm 7R L, @YU R—EiEEE %7~ L7z (Table
B Y R—PIE

IZIEDOAHRI S

5, £z, FNRFEOT LV N T=UF
PEBH T 0050 % 15 HEBH F I B (1C5) & DRI
B b (y=3.0444x —205.5, R*=0.6744), F£7=, &
)R Y 7 = ) =V OEIE LY R—BIEHELE O
50%TEMERLE I (1Cx) & ORI HIEDFAR (v =1. 0784x
+4.8117, R*=0.7013) 3@ bilz, LovL, AV =
~—BRY 7 = )= A OEIG EREY S—EBEE D50%IE
PR (1C5) & ORNZITAOHBENE D vz (y =
—1.08478x +95.586, R*=0.702), ZhbHDI Lnb,
JEY NR—BIEMEOREX T T =2 E0E ) v —
BRY 7= )= TlERel, AV Iv—RBIKRY 7= /) —
IR AT D Z L MR STz,

i

AT U IR B PFER 2140 COE 7 1 775 LRFZE oD —
BRELTITWE Lo, F72, slBEREAMEAL T
WA B IO = L E T,

Table 4 Polyphenol and anthocyanin contents of 11 fruits

Polyphenol Proportion of the polyphenol Anthocyanin

Spiece Variety (mg/g FW) A B C (pg/g FW)
Waindarbayred 1.8 £ 0.1 55 1 44 304 £ 2.1

Red raspberry Skyna 1.8 £ 0.0 49 1 50 37.6 £ 1.4
Neutoka 1.8+ 0.1 62 3 35 39.2 +1.1

Yellow raspberry{ Fargold 1.3+ 0.0 24 17 59 2.0+ 0.4
Goldenemperor 0.9 = 0.0 34 22 45 0.9 £0.0
Black raspberry 6.6 £0.2 94 5 1 416.2 = 17.1
Blackberry - 4.6 £ 0.1 75 24 121.0 £ 4.9
Gooseberry - 1.5 £ 0.1 42 38 20 30.6 £ 0.6
Redcurrunt - 1.5 £ 0.0 58 12 30 31.3 £0.8
Asamaberry - 5.9+ 0.0 82 18 <1 130.7 = 6.7
Lingonberry - 6.5 = 0.1 50 44 6 106.0 = 1.4

The elution A ;
LH-20 column.
Values are means * standard deviations.
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etanol fraction, B ; methanol fraction and C ; 60% acetone fraction of the
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Table 5 Antioxidant activity and pancreatic lipase inhibition of 11 fruits

Antioxidant activity

50% inhibition concentration of
pancreatic lipase

Spiece Variety (p mol/g FW) (ICs, ppm)
Waindarbayred 13.8 =2 0.5 47.0
Red raspberry Skyna 13.9 £0.3 442
Neutoka 13.4 £ 0.5 32.7
Fargold 11.3 £ 0.4 28.2
Yellow raspberry{ Goldenemperor 7.9 £0.2 31.7
Black raspberry - 24.8 £ 0.3 81.1
Blackberry - 26.3 £ 0.0 53.6
Gooseberry - 7.8 £1.0 54.6
Redcurrunt - 10.3 = 0.4 46.4
Asamaberry - 18.3 £ 1.1 69.7
Lingonberry - 16.9 = 1.0 41.3

Values are means * standard deviations.
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Summary

In this research, we extracted polyphenol from six
types of raspberry and five kinds of small fruits, and the
composition and the functionality were compared. The
content of the polyphenol was different according to the
small fruits kind, and a big difference was detected in the
composition like the anthocyanins content and the ratio
of the oligomer type polyphenol. When functionalities
were compared, the anti-oxidation revitalization and the
pancreatic lipase obstruction revitalization were different
depending on the kind of small fruits. The correlation was
detected when the content of the polyphenol was compared
with the anti-oxidation revitalization and it was suggested
that the anti-oxidation revitalization originated in the
polyphenol. Moreover, it was suggested that a positive
correlation was admitted between IC50 of the anthocyanins
content and the pancreatic lipase revitalization obstruction,
and a negative correlation was detected between the
ratio of the oligomer type polyphenol and IC50 of the
pancreatic lipase revitalization. The pancreatic lipase
obstruction originated in not a monomeric polyphenol like
anthocyanins but the oligomer type polyphenol. When
the sugar solution enzyme obstruction revitalization was
examined by using the raspberry extracted material with
different red, yellow, black fruits color, a high obstruction
action was detected in a red and yellow raspberry.
However, when the animal experiment was done by using
these raspberries, only the yellow one showed the blood
glucose level rise control action, and a result different from
the in vitro experiment was shown. The application of the
metabolic syndrome control action of these small fruits to
the human will be expected in the future.

(key words) berry, polyphenol, blood glucose level,

pancreatic lipase, metabolic syndrome
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Abstract

Riparian and windbreak forests lie like the mesh of a net
in the farming area of the Tokai district of Hokkaido. These
forests play an important role as an ecological corridor for
wild animals. In recent years, however, many windbreak
forests have disappeared, resulting in the fragmentation

and isolation of these corridors. It is therefore likely that a
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difference will arise between the isolated windbreak forests
and those adjoining the riparian forests in terms of their
utilization by mammals. From May to October 2007 we
used cameras with infrared sensors to survey this difference.
Vulpes vulpes schrencki, Cervus nippon yesoensis, Ursus
arctos yezoensis, Lepus timidus ainu, Martes zibellina
brachyura, Procyon lotor, Sciurus vulgaris orientis, bats,
and mice and voles were photographed. Mammals were
photographed with the highest frequency in the isolated
windbreak forests, but these forests had little heterogeneity
of species composition, with V. v. schrencki being most
commonly found. In contrast, the diversity of species
was greater in the riparian forests and in the adjoining
windbreak forests than in the isolated windbreak forests.
The species compositions that used the riparian forests and

the adjoining windbreak forests were similar.

[Key words] windbreak forest, riparian forest, mammal,

ecological corridor, sensor camera
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Abstract

The purpose of this study was to clarify quantitatively
Japanese consumers’ valuation of bovine spongiform

encephalopathy (BSE) tested domestic beef. One hundred



e R U IS
and thirty seven consumers living in Obihiro City,
Hokkaido, served as respondents. Three different types
of beef (domestic Wagyu beef, domestic dairy beef, and
imported Australian beef) were analyzed in a contingent
rating experiment using a rank logit model. The following
results were obtained: 1) Marginal willingness to pay for
the fact that domestic dairy beef has been BSE-tested,
for respondents that were very sensitive to the safety of
domestic beef, was twice as large as that for domestic
Wagyu beef. 2) The respondents who did not think the
continuation of blanket testing to necessary were equally

willing to pay for BSE-tested or untested Wagyu beef.

Key words: BSE test, domestic beef, consumer valuation,

contingent rating experiment, rank logit model
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Abstract

The ability of Verticillium lecanii (Lecanicillium muscarium; B-2) to induce host resistance and
defense responses against subsequent challenge with cucumber powdery mildews was examined in a
glasshouse. A root test showed that, after inoculation with V. lecanii blastspore on cucumber roots,
induction of systemic resistance in those V. lecanii pre-inoculated plants engendered significantly
fewer lesions and reduced disease severity compared with non-inoculated plants. Furthermore,
in plants inoculated with V. lecanii blastspore on their roots, the fungi showed high colonizing
ability on cucumber rhizoplane and inside root tissues. Nevertheless, activities of peroxidase (PO)
and phenylalanine ammonia-lyase (PAL) increased slightly, but not significantly. In a leaf test of
inoculation with V. lecanii, activity of PAL tended to increase when powdery mildew was inoculated,
but the PO activity did not change significantly. These results indicated that an isolate of V. lecanii
(B-2) potentially induced host resistance to cucumber and is an effective candidate for biological

control of cucumber powdery mildews, even in inoculation into soil.

Key words; induced resistance; Lecanicillium muscarium; Powdery Mildew; Verticillium lecanii
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1. Introduction

Numerous reports have highlighted the remarkable
potential of Verticillium lecanii (A. Zimmerm.) Vie’gas
(Recently renamed to Lecanicillium muscarium) as a
powerful biocontrol agent against several arthropod pests
and some plant pathogens. It has a very wide host range:
it is especially parasitic of aphids and whiteflies - two of
the most common greenhouse pests (Askary et al., 1999;
Drummonds et al., 1987; Koike et al., 2004; Spencer
et al. 1981). This ability has been used for production
of commercial preparations: Vertalec and Mycotal. V.
lecanii also is an effective mycoparasite of several rust
fungi, green mold and fungi casing root rot diseases
(Pythium ultimum), as well as of some powdery mildew
pathogens (Askary et al., 1997; Benhaumau & Brodeur,
2000; Koike et al., 2004; Spencer et al., 1981; Verhaap
et al., 1996). Numerous studies have mainly investigated
morphological and functional aspects underlying microbial
interaction (Benhaumau & Brodeur, 2000). Therefore,
whether V. lecanii can interact with host plants and

whether the fungi can induce disease resistance and
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pathogen defense responses systemically is an issue that
demands investigation.

Systemic acquired resistance (SAR), localized
exposure of plants to certain avirulent microbes (He et
al., 2002; Ryu et al., 2003; Shimamoto & Watanabe,
2004) or treatment with certain biotic or chemical agents
(Cools & Ishii, 2002; Katz et al., 1998; Ryu et al., 2003)
can render an entire plant resistant to further infection
by virulent pathogens. In addition, SAR is associated
with hypersensitive reaction (HR) and with increased
expression of many defense response mechanisms, such
as R gene-mediated resistance. It causes accumulation of
pathogenesis-related proteins (PR protein) (Cools & Ishii,
2002; He et al.,2002; Juen et al., 2003; Katz et al., 1998;
Koike et al., 2001; Meera et al., 1994, Ongena et al.,
2000; Ryals et al.,1996). Subsequently, SAR reduces the
size and number of lesions that develop after inoculation
with virulent pathogens (He et al.,2002). The signal
transduction pathway in SAR is shown to be dependent
on salicylic acid (SA) (Juen et al., 2003; Ryals et al., 1996;
Ryu et al., 2003). Another form of resistance, induced
systemic resistance (ISR), is induced mostly by root-
inhabiting fungi and endophytes, especially plant growth-
promoting rhizobacteria and fungi (PGPR and PGPF)
(Juen et al., 2003; Koike et al., 2001; Meera et al., 1994;
Ongena, 2000) ; ISR is distinguished from SAR by its
different signal pathway. In short, ethylene and jasmonic
acid (JA) have a role in the signal pathway of ISR (Katz
et al., 1998; Ryu et al., 2003). These mechanisms are
particularly attractive as strategies for control of plant
diseases, especially amid growing concerns over adverse
impacts of conventional pesticides on the environment,
and the capacity of pathogens to generate resistance to
these compounds (He et al.,2002).

Management of powdery mildews in glasshouses has

become a challenging research area in plant pathology.

Because of their wide host range and ability to proliferate
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abundantly under favorable environmental conditions that
usually prevail in greenhouses; yields are reduced (Askary
et al., 1997). At least one study has estimated V. lecanii
strains’ high colonization ability on leaf surfaces, along
with their consequent ability to control powdery mildew
on cucumber: spore suspensions (1 X107 spores/ml) were
sprayed on leaf surfaces (Koike et al., 2004). Some strains
demonstrated a significant reduction of powdery mildew.
This evidence suggested that these strains might be
dominant in a phyllosphere microbial community before
the pathogen arrives (Koike et al., 2004). Therefore, not
only parasitism, production of antibiotics, and hydrolytic
enzymes, but also competition (nutrients and space) might
be mechanisms of pathogen inhibition (Benhamou &
Brodeur, 2000). On the other hand, some strains of V.
lecanii showed high ability of colonization on the tomato
rhizoplane and reduced Verticillium wilt, especially the
severity of internal symptoms (Koike et al., 2004). For that
reason, in the rhizosphere, V. lecanii also might reduce
the diseases by equivalent mechanisms on leaf surfaces.
This study is intended to evaluate whether V. lecanii
that could reduce powdery mildews on leaf surfaces of
cucumber have the ability to induce plant resistance by
inoculation on leaf surfaces, and whether the fungi are
effective to control powdery mildews by inoculation on the

rhizosphere.

2.Materials and Methods

2.1.Growth and maintenance of fungi and
plants

Two isolates of V. lecanii were studied: B-2 (L.
muscariunt), which was collected from green peach aphid
in Obihiro (L. longisporum; Koike et al., 2004); and a
commercial preparation of Vertalec (Koppert UK Ltd.,

Wadhurst, East Sussex, UK). Each isolate of V. lecanii
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was cultured on potato dextrose agar (PDA; 200 g of
potatoes, 20 g of glucose, and 20 g of agar /1) in 9-cm petri
dishes and stored at 4°C. Spore suspensions were obtained
from 12-day-old shaken cultures (Potato Dextrose Broth;
Becton, Dickinson and Co., USA) by filtering the culture
medium through gauze. Suspensions were adjusted to
1 X107 spores/ml using a hemocytometer.

Leaves of cucumber (Cucumis sativus L, cv.
Hokushin) that had been intensely, but naturally, infected
with Sphaerotheca fuliginea were collected. Colonized
areas were scrubbed in petri dishes with a brush using
distilled water. Suspensions were obtained by filtering
through gauze. They were adjusted to 1X10° spores/ml
using a hemocytometer. These spore suspensions were
stored at 4°C in darkness for all experiments. V. lecanii
cultures and S. fuliginea cultures were used within 3 days.
Cucumber plants (Cucumis sativus L, cv. Hokushin) were
grown in an incubator at 25°C for 25 days under 8D16 1

for all experiments.

2.2.Control powdery mildew in a glasshouse
by pre-inoculation of cucumber roots

with V. lecanii

This experiment assessed B-2 for its ability to
control cucumber powdery mildew. In previous studies
at our laboratory, B-2 showed high colonizing ability on
tomato rhizospheres and rhizoplanes, along with reduced
severity of internal symptoms of Verticillium wilt (Koike
et al.,2004).

First, the root systems of cucumber plants grown
25 days in individual pots were pre-inoculated with V.
lecanii (1X107 spores/ml, 10 ml or 50 ml) or distilled
water by pouring spore suspensions over the soil. Then,
pre-inoculated plants were sprayed with a fine mist of
S. fuliginea spore suspension (1X10° spores/ml) 24 h or

72 h after pre-inoculation. Following inoculation, plants
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were kept at 25°C under natural light in the glasshouse.
Lesions on each inoculated plant were counted 2, 3 and 4
weeks after inoculation. Diseased areas on all leaves were
estimated visually in two categories: lesions appearing
on leaves emerging during plant growth after spraying
pathogen by airborne infection (called not-sprayed-
occurring) as well as lesions on sprayed leaves (sprayed-
occurring). A score was calculated using the percentage of
leaf area covered by mildew (five disease classes): 0, for
0% mildew area per leaf; 1, < 10%; 2, (10-25%; 3, 25-
50%; 4, 50-75%; and 5, 75-100% . The mildew index of
sprayed-occurring = sum of scores of leaves sprayed with
pathogen / number of leaves sprayed with pathogens. The
mildew index of not-sprayed-occurring = sum of each
score of leaves not-sprayed with pathogen / number of

leaves not-sprayed with pathogen. Each test was performed

in quadruplicate.

2. 3. Colonization test on rhizoplanes and inside
root tissues

Using the plants that had been used to examine the
possibility of B-2 to control powdery mildew by inoculation
in soil, as mentioned above, colonization ability of B-2
on rhizoplanes and inside root tissues was studied using
dilution plate methods. Simultaneously, the possibility of
spores of B-2 treated in soil to stick to leaves by splashing
during plant watering was confirmed.

Roots were taken and washed to remove soil
particles. These roots were rinsed with distilled water.
First, we prepared rhizoplane dilutions. A 1.0X10-
! dilution of rhizoplane was prepared by shaking roots
with sterile distilled water (45 ml) in a test tube, using
a ultrasonic cleaner for 1 min. The root was removed
to a Petri dish, which was used to prepare root tissue

dilutions, and sterilized root surface by momentary dipping

into 70% ethanol and subsequently into 5% sodium
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hypochlorite solution. After sufficient rinsing with sterile
distilled water, the root was homogenized using a blender
with sterile distilled water (10 ml/g). This was a 1.0 X10-
! dilution of root tissue. Then 5 ml of each suspension
was transferred to 45 ml sterile distilled water. This
procedure was continued until a 10-fold dilution series was
obtained ranging from 1.0X 10! to 1.0X10% 0.2 ml of
each 1.0X10% and 1.0X10* dilution were dropped onto
rose-bengal medium containing streptomycin sulfate, and
incubated at 25°C in darkness for 8 days. Then colony-
forming units of B-2 per gram of fresh weight of the roots
were counted. Three replicates were done for each test.
The first leaf and the second leaf were measured similarly
to root assays, as mentioned above.

2.4. Inoculation of cucumber roots with
V.lecanii to evaluate induction of
systemic disease resistance

In this study also, B-2 was examined. The 25-day-
old cucumber plants were uprooted from their pots, and
soil was washed off slowly with tap water. These naked
roots were dipped in a spore suspension of B-2 (1X107
spores/ml, 500 ml) or sterile distilled water for 30 min.
Roots inoculated with B-2 were rinsed out lightly using
tap water. Then each plant was put into a test tube with
sterile distilled water and kept at 25°C under natural light
in a glasshouse. Roots and stems, from the joint with the
root to the cotyledon, were sampled at 0 h, 24 h, 48 h and
72 h after inoculation. All samples were kept in plastic
packs (100 X70 mm) and stored at -80°C. Each test was

performed in quadruplicate.

2.5. PO and PAL assay

An acid peroxidase (PO) and a phenylalanine

ammonia lyase (PAL) are putative biochemical markers for
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SAR. The leaf samples in packs were shattered to pieces
by hand. Then each sample (0.5 g) was homogenized with
liquid nitrogen by grinding in a pestle, and mixed 4.5 ml
of 50 mM Tris-HCI buffer (pH 8.8). The homogenate
was centrifuged at 12,000 g for 5 min at 4°C. The protein
content in crude extracts was determined using the Proteostain
protein quantification kit (Dojindo Molecular Technologies,
Inc.). The PO and PAL activities were measured at room
temperature. Using guaiacol as a substrate, PO was
assayed. The assayed mixture contained 3 ml of 5 mM
guaiacol in 15 mM sodium phosphate buffer (pH 6.8), 5
mM H,0O,. Assays were initiated by addition of the crude
extract (100 ;41) to the mixture and the change in optical
density at 470 nm was measured for 1 min. The PO
activity was calculated as A A,,) nm mg-1 min-1.

Using L-phenylalanine as the substrate, PAL was
assayed. The reaction mixture consisted of 500 p1 of 0.2
% (w/v) L-phenylalanine in 50 mM Tris-HCI buffer (pH
8.8) and 500 i1 of the crude extract. The mixture was
incubated for 1 h at 40°C, and 100 £l of 0.1 N-HCI was
added to stop the reaction. Formation of cinnamic acid
was monitored at 268 nm. PAL activity was expressed as

microgram-order cinnamic acid formation per milligram

of protein. Each test was performed in quadruplicate.

2.6. Pre—inoculation of cucumber plants
with V. lecanii and subsequent inoculation
with pathogen to evaluate induction

of systemic disease resistance

In a glasshouse under natural light (25F1°C)),
suspensions of two isolates of V. lecanii (B-2, selected
because of their ability of high colonization on cucumber
leaf surfaces and of reduction of powdery mildew (Cools &
Ishii, 2002) and Vertalec, selected because of its ability of
low colonizing on cucumber leaf surfaces, for comparison

with B-2, 1X107 spores/ml) were sprayed on leaf surfaces
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of the second leaves of cucumber plants using customized
sprayers. For control, plants were sprayed with distilled
water. The second leaves and third leaves of cucumber
plants were collected immediately after pre-inoculation (0
h) and at designated time intervals thereafter (12 h, 24
h, 48 h, 72 h). On the other hand, the plants treated as
described above were sprayed with the spore suspension of
S. fuliginea (to the second and third leaves, 1 X 10° spores/
ml) 24 h after pre-inoculation of V. lecanii. Similarly, the
second and third leaves of cucumber plants were collected
(0 h - immediately after pre-inoculation; 12 h; 24 h
- immediately after pathogen inoculation; 48 h; and 72
h). Each sample was kept in a plastic pack and stored at

-40°C in darkness. Each test was performed four times.

2.7. Relative, multiplex reverse transcription
PCR

Using an RT-PCR system, the expression of three
defense-related genes in the second leaves, which were
treated B-2 and subsequent inoculation with pathogen, was
examined. These were a PO encoding gene (PO), a gene
encoding a PAL homologue (PALI) and a pathogenesis-
related protein 1 gene homologue (PRI-1a), a commonly
used marker for SAR.

Samples of the second leaves (0 h, 24 h, and 48 h
after inoculation of B-2) that had been frozen at -80°C
were shattered by hand. Using a NucleoSpin® RNA
Plant total RNA purification kit (Macherey-Nagel GmbH,
Germany) according to the manufacturer’s instructions,
RNA was extracted from each sample. The RNA samples
were quantified at 25 (1 g, using a spectrophotometer.

For analyses of PO, PR1-1a, and PAL1 expression,
multiplex reverse transcription PCR (RT-PCR) was used
to simultaneously amplify transcripts of the target gene
and the constitutively expressed reference gene, 3 -actin.

The following primers were used: f3-actin (forward,
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5-GGCCGTTCTGTCCCTCTAC-3’; reverse, 5-
CAGCTCCGATGGTGATGAC-3’ ), PO (forward, 5'-
CTGACATTCTACTAGCCCTTGGTTCT-3’; reverse,
5-TCTGCGTTTGGATTATTGTTTAGG-3"), PRI-
Ila (forward, 5-GGCAGCCCAGACTTCTCAGC-3’;
reverse, 5’-GCATCTCACTTTGGCACATCCTA-3)
and PALI (forward, 5-ATAACGGTTTGCCTTCTAATCTT-3;
reverse, 5’-CATCCTGGTTGTGTTGCTCA-3"). Reactions
were carried out with mRNA selective PCR kit (TaKaRa
BIO Inc., Japan), again according to the manufacturer’s
instructions. Cycle numbers were 30 for all genes.
Conditions for all reactions were the same, with an initiate
RNA reverse transcribe at 45°C for 30 min, followed by
cycles of 85°C for 1 min, 50°C for 1 min, and 72°C for 2
min (Cools & Ishii, 2002).

The PCR products were separated on a 0.2%
agarose gel and visualized by ethidium bromide staining.
Fluorescence values for target genes were measured using
comparison with a fluorescence value of f3-actin gene;

obtained information was processed using a densitometer.

Each test was performed three times.

3. Results

3.1.Control powdery mildew in glasshouse
by pre—inoculation of cucumber roots

with V. lecanii

Cucumber plants pre-inoculated with 50 ml of spore
suspension of B-2 showed the lowest powdery mildew
value in this experiment (Fig. 1). Comparing amounts
of spore suspension, 50 ml was more effective than 10
ml for both sprayed-occurring and not-sprayed-occurring.
Comparison of the period from pre-inoculation with B-
2 to inoculation powdery mildew showed that both were
effective, but plants 24 h post-B-2 inoculation were more

successful than those of 72 h (not shown).
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Fig.1 Powdery mildew value of non-sprayed pathogen leaves
(A) and sprayed pathogen leaves (B), at 24h after
B-2 (Verticillium lecanii) pre-inoculation of V. lecanii
(B-2). * *k, significant difference from control, p= 0.01.

(Scheffe’s I test)

3.2.Colonization test on rhizoplanes and

inside root tissues

The highest colonization on cucumber rhizoplane
was shown by 50 ml of spore suspension of B-2 (Fig. 2):
it was colonized on rhizoplanes less than 1.0 X10% spores/
g in control roots that had been treated with distilled
water. Without affecting plant vitality, B-2 was allowed to

penetrate inside the root tissues and colonize.

3.3.P0 and PAL activities in root tissue

Inoculation with B-2 on cucumber roots did not
increase respective PAL and PO activities both in roots and
stems compared with those of uninoculated control plants
(Fig. 3). Very little difference existed between activities of

plants inoculated with B-2 and distilled water.
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Fig.2.

Colonization of V. lecanii on cucumber rhizoplane

and inside the root tissues. *, significant difference

from control, p = 0.05. (Scheffe’s I test)
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Fig.3. Induction of peroxdase (PO) (A,C) and phenylalanine ammonia-lyase (PAL) (B,D) activities in cucumber stems

(A,B) and roots (C,D) inoculated with B-2 (Verticillium lecanii) . Standard errors are shown.

3.4.P0 and PAL activities in leaf tissue

Inoculation with each of the two V. lecanii strains
did not increase PO and PAL activities in the second
and third leaves as compared with those of uninoculated
control plants (Figs. 4A and 4B). In this case, PO activity

of both second and third leaves inoculated with B-2 was

almost always highest over the 3-day sample period for all
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treatments (Fig. 4A). Comparing the second leaves with
the third leaves in plants inoculated with B-2, the PO
activity was higher at all times in the second leaves than in
the third leaves (Fig. 4C).

In response to powdery mildew challenge, although
very little difference existed between plants inoculated
with V. lecanii and control plants, PAL activity tended

to increase: plants inoculated with B-2 showed 2.97-fold
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Fig.4. Induction of peroxidase (PO)(A,C) and phenylalanine ammonia-lyase (PAL)(B,D) activities in cucumber leaves
inoculated with 2 isolates of V. lecanii (A,B). The second leaves and the third leaves of cucumber plants inoculated

with B-2 (C,D). Standard errors are shown.
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Fig.6. RT-PCR analysis of PO(A), PALI(B) and PR1-1a(C) expressions in plants inoculated with pathogen after pre-

inoculation with B-2(a) or DW(b). Gels shown are representative of one of the three replicates tested per treatment.

Standard errors are shown. Arrow indicates the time of inoculation.

at h-after-inoculation with B-2 from 24 h to 48 h (Fig.
5B). The PAL activity of the second leaves inoculated
with B-2 showed a sharper increase than that of the third
leaves (Fig. 5D). No significant changes in PO activity
were observed in the second leaves and the third leaves of
all plants (Fig. 5A). Comparing the second leaves with the
third leaves in plant-inoculated B-2, the PO activity was
also higher at all times in the second leaves than in the

third leaves (Fig. 5C).
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3.5.Activation of PO, PAL1 and PR1-1a
expression in inoculated plant leaf
tissue

No significant differences were observed in activation
of PO, PALI and PRI-1a expression in the second leaves
of cucumber plants inoculated with pathogen after pre-

inoculation with B-2 (Fig. 6).
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4. Discussion

This study revealed that V. lecanii suppressed
cucumber powdery mildew. Application of V. lecanii
maintained mildew severity below 20% in terms of
infected area per leaf for 4 weeks after inoculation with
S. fuliginea. Disease suppression appeared to be systemic:
roots were treated with V. lecanii and the pathogen was
challenged by leaf-inoculation, thereby separating the two
spatially. V. lecanii did not recover from regions growing
above the ground; V. lecanii also colonized root surfaces
strongly and penetrated the root tissues. Moreover, the
more strongly the fungi colonized root tissues, the more
the disease abated, comparing the quantity of spore
suspension of B-2. In the leaf test, comparing plants treated
B-2 or Vertalec, enzyme activities tended to increase
higher in B-2 treated plants. In previous studies at our
laboratory, as mentioned above, B-2 showed a high ability
to colonize cucumber leaves. In contrast, Vertalec showed
no colonization ability on cucumber leaves (Koike et al.,
2004), suggesting that a longer period of their association
with plants was necessary for induction of resistance
(Meera et al., 1994). On the other hand, growth promotion
might be independent of root colonization ability (Koike
et al., 2001), so that additional examination is needed of
the ability of V. lecanii as a plant growth promoting fungi
(PGPF) for cucumber.

Comparison was made of the mildew levels of plants
inoculated with pathogen 24 h after pre-inoculation with
B-2 with 72 h after pre-inoculation with B-2: although both
were effective, the former was better at controlling disease.
These results suggest that this biocontrol treatment had to
be repeated to protect plants from pathogens over a long
period. How often the treatments are required and how
long the effect of this treatment persists remains unclear,
so additional study is needed.

Verhaar et indicated that

al.(1999) humidity
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conditions at the plant surface are probably the most
important factor influencing germination, growth and
survival of V. lecanii in this habitat. Consequently, high
humidity conditions seemed to be of great importance
to obtain good control. In commercial glasshouses,
conditions are rarely favorable for good development of V.
lecanii. Relative humidity during the daytime is low and
temperatures can rise to high levels (Verhaar et al., 1996).
In short, when V. lecanii spores are sprayed onto leaves in
a water suspension, evaporation of the water carrier might
be too rapid for germination in free water. Thereby, V.
lecanii becomes dependent on the air humidity.

In this paper, however, V. lecanii showed satisfactory
control of cucumber powdery mildew by inoculation of
fungi to soil. Therefore, using this method of inoculation
to soil, not to leaves, seems to solve problems of humidity
in the case of cucumber powdery mildew.

Although plants inoculated with B-2 to their roots
reduced lesions that developed after inoculation with
powdery mildew, surprisingly, the activities of defense-
related enzymes such as PO and PAL were not considerably
enhanced; PO is involved in cross-linking extension
molecules to form lignin (He et al., 2002). Increased
lignin deposition is believed to play a role in barricading
the pathogen from invading the plant through physical
exclusion. In addition, PAL activity is associated with the
biosynthesis of toxic metabolites, such as phytoalexins,
phenols, lignins, and salicylic acid (SA), in plant defense
pathways (He et al., 2002; Ryals et al., 1996). In addition,
the biosynthetic pathway of SA appears to begin with
the conversion of phenylalanine to trans-cinnamic acid
catalyzed by PAL. Therefore, PAL accumulation in roots
might reduce phenylalanine, which is necessary for several
pathogens’ growth and development (He et al., 2002).
Accordingly, PO and PALI and PRI-1a are categorized
as SAR genes - known markers for SAR in cucumber:

PO and PAL are marker enzymes for SAR. Elicitation
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of induced resistance by pathogens is termed SAR and
some other signal pathways have been reported. However,
precise mechanisms of induced resistance are not yet
clearly understood.

Especially in the root tests presented in this paper,
the possibility exists that ISR was induced, not SAR.
As mentioned above, ISR is distinguished from SAR by
a different signal pathway, which is independent of SA
accumulation. Marker enzymes (PO and PAL) might
not be enhanced if the resistance induced by V. lecanii
inoculated to soil is ISR. On the other hand, leaf tests
showed PAL tended to increase on inoculating pathogens.
One group of enzymes, including anionic peroxidase,
is directly responsive to inducer. Another set of defense
enzymes, including PAL, is not directly activated by
exogenous inducer, but rather, is alerted to subsequent
elicitor. This capacity has recently been defined as the
“primed” state of a plant (Cools et al., 2002). Priming is
reportedly an important component of SAR. Although PO
activity was not changed, at least, increase of PAL activity
in this study might be related to primed state.

Generally speaking, there is association SA with acid
pathogenesis-related proteins (PR protein) (Shimamoto
& Watanabe, 2004; Strange, 2003). In most cases,
accumulation of SA causes accumulation of acid PR
proteins (Jeun et al., 2003). However, in this study,
expression of PALI did not increase and expression of
PRI-1a was not recognized.

To reiterate, little is known about specific mechanisms
of induced host resistance. For example, contradictory
results were obtained in attempts to associate ISR with
PR protein accumulation, a marker often used for SAR
expression (Ongena et al., 2000). The ISR induced by
Pseudomonas fluorescens CHAO in tobacco is coupled with
stimulation of PR protein synthesis, whereas such proteins
did not accumulate in radish and Arabidopsis-expressing

PGPR-mediated ISR (Juen et al., 2003; Ongena et al.,
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2000). The above-mentioned facts represent only some
instances. In addition, induced systemic resistance was also
expressed in cucumber upon challenge with PGPR prior
to infection by the pathogen, but no specific mechanisms
were suggested to explain the observed protective effect
(Ongena et al., 2000), the cases of PGPF are as numerous
as those of PGPR. In short, further work targeting other
genes and enzymes is likely to be worthwhile . The
possibility exists that induced resistance by inoculation
with V. lecanii is associated with SA pathway and/or JA,
ethylene pathway and/or new pathway, which have not
been reported previously (Ryu et al., 2003). Cytological
results demonstrate that the beneficial effect of V. lecanii
in repressing Pythium ingress in root tissues relies on a
strong antifungal activity associated with an induction
of structural (formation of elongated wall appositions,
resembling papillae) and biochemical (occlusion of some
intercellular spaces by an amorphous material or phenolic
compound) barriers in host tissues (Benhamou et al.,
2001).

Although the exact mechanisms remain unclear,
this is the first report describing the effect by which V.
lecanii can suppress and control powdery mildew by
inoculation to soil. Results suggest that V. lecanii is
capable of inducing systemic protection against powdery
mildew by root or leaf colonization, or by other means of
triggering the host defense mechanism, which are based on
systemic activation of natural plant defense mechanisms.
A detailed investigation is under way to understand the
exact mechanism of systemic resistance in cucumber using
biocontrol agents. Further work is needed to identify
mechanisms of host resistance by treating V. lecanii.
Induced host resistance is considered to offer broad-
spectrum resistance against many pathogens. V. lecanii
also has an ability of plant colonization, penetration of
root tissues, pathogen antagonism, antimicrobial activity,

mycoparasitism, and stimulating plant defense systems. It
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might therefore become a valuable alternative to current
management of plant pathogens as well as a preferred
method of management of cucumber powdery mildew in a

glasshouse.
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the Graduate School of Obihiro
University of Agriculture and
Veterinary Medicine

Master®s Course of Animal Production
and Agricultural Economics

Study on Improvement of Evaluation Method of the Public Works
Project in the Agricultural and Rural Development
(Toshiyuki KOMORICI Animal Production and Agricultural Economics

Study on Changes in the mRNA Transcripts of Placental Genes in
Bovine Embryos Derived from Parthenogenetic Activation
(Hiroki NAGAICI Animal Production and Agricultural Economics)

Evaluation of Glycerol as an Energy Substrate in Bovine Oocyte
Maturation and Early Development
(Sumika OKAWARACI Animal Production and Agricultural Economics)

Studies on Expression Dynamics of Estrogen Receptor Alpha and
Beta and Effect of FSH on Expressions of Estrogen Receptors
(Fumiyo KATO, Animal Production and Agricultural Economics)

Estimation of heritability for milk urea nitrogen and genetic
correlations of milk urea nitrogen with milk production and
reproductive traits in Hokkaido Holsteins

(Yuta SHIMOYAMAC] Animal Production and Agricultural Economics)

Glucose metabolic variation in bovine granulosa cells during
luteinization in vitro and effects of glucose concentration on
the luteinization

(Youhei BABALl Bioresource Science)

A Classification of Populations Based on Hierarchical
Clustering Methods
(Yutaka ONUKICJ Animal Production and Agricultural Economics)

Master®s Course of Agro-Environmental Science

Study on treatments of lily(Li/ium longifiorun)Pollen for
improvement of efficiency on gene transformation using pollen
vector method

(Masaki SUNAMIC] Agro-Envirommental Science)
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Development of White-grained Lines with High Levels of Grain
Dormancy and Screening of Molecular Markers in Wheat
(Shinnichi TAKAOO Agro-Envirommental Science)

Efficiency of Molecular Markers Linked to Grain Dormancy QLTS
in Different Popurations Derived from Extremely Preharvest
Sprouting Tolerant Varieties

(Akiko TOKIWA, Agro-Envirommental Science)

Structure and Expression Analysis of ATP-Binding [Jassette
(ABC) Protein WBC/ABCG Subfamily Genes in Rice(Onza sativa L.)
(Atsushi FUNABIKICI Agro-Envirommental Science)

Distribution and Traveling Distance of Lactating Dairy Cows
Under Continuous Stocking
(Kazutaka HAMABEC] Agro-Envirommental Science)

Relationship between vegetation and soil moisture of spring-
fed wetland
(Kasumi HAYASHI[I Agro-Envirommental Science)

Study on Biomechanical Property of Grass Leaves
(Jambal Tumurkhuyag(l Agro-Envirommental Science)

Environmental enrichment for the medium-sized carnivores in
the Obihiro Zoo
(Morika ISHIKAWAC Agro-Envirommental Science)

Effects of water pollution on aquatic insects -Comparison of
two streams-
(Kohei KUJIRAIC] Agro-Envirommental Science)

Building and testing HIS models of Siberian flying squirrels
in Obihiro, Hokkaido
(Noriko KOJIMALI Agro-Envirommental Science)

Use of a recorded Sika Deer alarm call to prevent deer-vehicle
collisions
(Takane SHIKANOC] Agro-Envirommental Science)

Foraging habitat selection of Japanese large noctule bats,
Nyctalus aviator, in urban/rural areas of eastern Hokkaido,
Japan

(Masanori TATSUGAMIC Agro-Envirommental Science)

Morphological studies on variation and food habits of the
raccoon dog(nyctereutes procyonoides): implications for geo-
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logical historyin Japanese archipelago and environmental
adaptation
(Chie HABAC Agro-Envirommental Science)

The Effects of Mycorrhizal Fungi on Ecological Strategy for
Pyrola spp. In Understorey
(Satoru FUKUKAWACI Agro-Envirommental Science)

Studies on exploration of antifungal factors from adult
haemolymph of 4 species of ground beetles
(Tokujirou MATSUOCI Agro-Envirommental Science)

Intra-and interspecific interactions of two aphid
hyperparasitoids, Jendrocerus carpenteri(Curtis)(Hymenoptera:
Megaspilidae), andAsaphes suspensus(Nees)(Hymenoptera:
Pteromalidae)through their hosts.

(Kyoko MIZUTANIC] Agro-Envirommental Science)

Relationships between Ectomycorrhizal Fungi and Picea
Jezoensis Seedlings Growing on the Nursery in Hokkaido
(Kousuke MURATALI Agro-Envirommental Science)

Studies on influence of ectoparasitic pests on pasturing
cattle inrelation to their behavior changes and physiological
stress

(Satomi  YAMAGATAC Agro-Envirommental Science)

Seasonal migration of brown dippers Cinclus Pallasii in east
part of Hokkaido
(Sugako YAMASHIROLI Agro-Envirommental Science)

Effects of Soil Management and Fertilization on Phosphate
Accunulation in Cultivated Upland Soils in Tokachi district
(Chihiro MIZOTAO Agro-Envirommental Science)

Development of Sugar Beet Planter for Avoiding Frost Damage
(Takayuki KANETAC] Agro-Envirommental Science)

Recovery of Ammonia from Digested Cattle Manure with magnesium
Hydrogen Phosphate(VHP)
(Masaya KAWARABATAL Agro-Envirommental Science)

Development and Use of a Continuous Measurement System for Rool
Diameter of Sugar Beets
(Mitsuyoshi SHIMAZUO Agro-Envirommental Science)
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Master®s Course of Bioresource Science

Regulation of glycolipid expression -Analysis of the factor
which defines contents of globotriaosylceramide in cultured
human cells-

(Mayo OHGUSHIL] Bioresource Science)

Study on behavior of various mutant a -galactosidase [0 and
mechanism of normalization by active-site specific chaperon

(Kunito KAWASAKIC Bioresource Science)

Establishment of Gb3 Synthase Stablelly Overexpression Cell
and 1ts Application
(Morihiro HIGUCHIC Bioresource Science)

Production of Monoclonal Antibody Directed to Gangliosides and
Analysis of Those Immunogloblin Variable Region
(Hiroshi FUKUIO Bioresource Science)

Effect of glycine betaine on the early infection process of
Bradyrhizobium _jgponicun
(Go ITOHO Bioresource Science)

Staling of the white bread produced by the Yudane-method
-Bread made from dough treated with high-temperature water-
(Kota OUCHII Bioresource Science)

Effective derivatization of 0 or Gglycoside with TfOH
(Miho TAKAHASHIC Bioresource Science)

Effective synthesis of Homophenylalanine derivatives with
Friedel-Crafts reaction using TfOH
(Yuka HAYASHIO Bioresource Science)

Infection process of Azospirillum spp2 on the root of Onion
(Masa-aki MAYANAGICI Bioresource Science)

The Establishment and Application of Efficient Friedel-Crafts
reaction with TfOH
(Ryo MURASHIGEL Bioresource Science)

Studies on Changes in Quality of Chinese Yam(Discorea ggposita
Thunb.) during Cold Storage
(Takeo ISHIKAWAC Bioresource Science)

Studies on Blackspot Bruise in Potatoes

(Yusuke TAKAI[]Bioresource Science)
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Physicochemical Properties of Acetylated and Cross-linked
potate Large, Middle and Small Granule Starches
(Kumi YASUDAC Bioresource Science)

Master™s Course of Animal and Food Hygiene

The Novel Stimulation of Growth Hormone Secretion and Liver
mRNA for Metabolic Hormone Receptors by Estrogen in Dairy
cows: The possible implication for ovarian influence on liver
function

(Mehmet QOLAKI Animal and Food Hygiene)

Studies on Cryptosporidiosis in Mongolia
(Byambaa Burenbaatar(] Animal and Food Hygiene)

Characterization of Ape milk oligosaccharides
(Go ODAKAI Animal and Food Hygiene)

Effect of Feeding Cheese Whey on Fecal Characters of Pigs
(Nobukatsu NIKAMICI Animal and Food Hygiene)

Localization and Changes of eNOS in the Corpus Luteum After

Administration of PGF2a During Early and Mid Luteal Phase
in the Cow

(Takayuki ASAHICI Animal and Food Hygiene)

effects of Reproductive and Feeding Management on“ Days from
the End of Voluntary Waiting Period to First Service” in Dairy
Cows, Based on Questionnaire Survey

(Miyuki KATAOKALI Animal and Food Hygiene)

The Change in the Expression of Sterioidogenesis Transcription
Factor in the Bovine Corpus Luteum
(kaya NAGAIT Animal and Food Hygiene)

Role of Histone H3 Acetylation in the Luteinizing Mechanism of
Bovine Granulosa Cells
(Hiromichi YAMASHITAC Animal and Food Hygiene)

Utility and Consumer Evaluation of Milk Traceability
(Hiroyuki KOSEKIO Animal and Food Hygiene)

Characteristic of Milk Consumption and Hygiene Conscioushess
in Mongolia
(Bayarsaikhan DORJC] Animal and Food Hygiene)
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Construciton of recorbinant vaccinia virus targeting Babesia
gibsoni infection and evaluation of its immunogenicity
(Chinatsu NAKAMURACI Animal and Food Hygiene)

Gene Expression Petterns in the Mouse Uterus with* Expansion
of Implantation Window”
(Kanami MAEDAC] Animal and Food Hygiene)

An ELISA using recombinant NcGRA7 could detect Aeospora
caninum infection in aborting cows

(Penglong HUANGC] Animal and Food Hygiene)
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