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 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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 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 (taro, 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 et 

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 et 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 et 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.

 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. 

 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 

Farmers’ decision making strategies on selecting rootcrop varieties in the Visayas Region, Philippines

Fig.1. A map showing five study sites in Visayas Region,
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surveys of the collaborative project in Camotes island 

and central Bohol, Central Visayas region, mainly for 

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.

 After a review of relevant secondary data, 

project documents and selected papers, key informants 

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

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

Site
Why chosen/ context/

 period HYV introduced
Terrain of

rootcrop farm
Soil type

Main crop
system

Production
orientation

Pamahawan,
Bontoc

Pilot   feedmill   project;
hybrid cassava
production among 
cooperative members 
(1994-1999)

Undulating to 
sloping

Acidic,
clayey

Coconut
Corn- cassava

Semi-
commercial, 
industrial (not 
sustained)

Rawis,
Dulag

Hybrid sweetpotato 
production for starch 
company (1996-2001)

Flat Clay to
sandy-loam

Sweetpotato-
corn- squash- 
vegetables
Coconut

commercial

San
Salvador,
Matalom

Sweetpotato  farm  trials
in     farming     systems
project (1990’s)

Undulating to 
sloping 

Acidic,
clayey

Upland rice-
sweetpotato- corn
Coconut

Subsistence, 
semi-
commercial

Tudela, 
Camotes

Pilot feedmill project; 
Hybrid cassava
production  among  coop
members (1996-2001)

Undulating to 
sloping

Acidic,
clayey

Coconut
Corn-cassava

Semi-
commercial, 
industrial

Central
Bohol

Hybrid cassava
production   for   starch
(since mid-1980’s)

Undulating to 
sloping

Acidic, clay 
loam, sandy 
loam

Corn-cassava-
peanuts

Semi-
commercial, 
industrial

interviewed in March 2003 to get insights on the 

community, households, farming systems, research 

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.

 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.

 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.

 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.

 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 

Farmers’ decision making strategies on selecting rootcrop varieties in the Visayas Region, Philippines
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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. 

 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 

Farmers’ decision making strategies on selecting rootcrop varieties in the Visayas Region, Philippines

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. 

 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 

Julie ROA, Mutsuyo KADOHIRA, Reynaldo V. BERGANTIN, Dioscoro M. BOLATETE Jr. and Akira YAMAUCHI
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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.

 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 

Farmers’ decision making strategies on selecting rootcrop varieties in the Visayas Region, Philippines

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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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 

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 Kahilsot 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. 

 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 

Julie ROA, Mutsuyo KADOHIRA, Reynaldo V. BERGANTIN, Dioscoro M. BOLATETE Jr. and Akira YAMAUCHI

Cultivar Type Desired traits Bontoc Dulag Matalom

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

0 100 0

Minamon native Eating quality 0 97 0

Kadavao native Eating quality (highly preferred),
early maturing

93 83 0

VSP 3 hybrid Eating quality, high yielding, early
maturing

0 73 0

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 0 60 0

Kaligaya native Eating quality 0 60 0

Katimpa native Eating quality, high yield, early
maturing

50 0 30

Table 2. Percentage of farmers per area growing selected popular cultivars/ varieties
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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 

introduction should be done in an environment with 

reasonable support system made possible by some 

institutional innovation. This is a policy concern that 

Farmers’ decision making strategies on selecting rootcrop varieties in the Visayas Region, Philippines

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.

 From the surveys and FGDs, it will be noted 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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Effect of pH and substrates on polyphenol oxidase activity of
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   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

pH

pH

pH



14

 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.

 Two varieties of processing potatoes were used: 

Toyoshiro (bruise-resistant variety) and Norin No.1 

(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  (above 

90%RH).  Both potato varieties approximately 150g in 

size were used for experiment.

 Four potatoes were selected for analysis at random, 

washed, and the basal portion of the tuber was cut for 

analysis.  Then, the potatoes were peeled and diced into 

approximately 5 mm cubes.

 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 g for 10 min at 0 .  The resulting 

supernatant was served as the crude homogenate.

 Two ml of crude homogenate were rapidly applied to 

a Sephadex G-25 column (i.d. 1.5 cm 10 cm), 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 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).  One 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.

 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 µM 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 ).  With chlorogenic acid 

as the substrate, the reaction mixture was 3.0 ml of the 

same phosphate buffer (pH 6.8) containing 21.4 µM 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 ).  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 µM 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.

 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 

Effect of pH and substrates on polyphenol oxidase activity of Japanese processing potatoes

Fig.1. Effect of pH on PPO activity(Toyoshiro)

Fig.2. Effect of pH on PPO activity(Norin No.1)

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 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.1 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.

 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 

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

Substrate Toyoshiro Norin No.1
o-Diphenols

Chlorogenic acid
DOPA

0.752a
0.460b

0.662a
0.607a

Monophenol
L-tyrosine 4.43 10-3b 2.42 10-2a

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

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.

 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.

Alberghina FAM. 1964. Chlorogenic acid oxidase from 

potato tuber slices: Partial purification and 

properties. Phytochemistry. 3:65

Bradford MM. 1976. A rapid and sensitive method for 

the quantitation of microgram quantities of protein 

utilizing the principle of protein-dye binding. 

Analytical Chemistry. 72:248-254

Hsu AF, Thomas CE, Brauer D. 1988. Evaluation of 

several methods for estimation of the total activity 

of potato polyphenol oxidase. Journal of Food 

Science. 53:1743-1745

Hughes JC. 1974. Factors influencing the quality of 

ware potatoes:  Environmental factors. Potato 

Research. 17:512-547

McGarry A, Hole CC, Drew RLK, Parsons N. 1996. 

Internal damage in potato tubers: a critical review. 

Postharvest Biology and Technology. 8:239-258

Mondy NI, Klein BP, Smith LI. 1960. The effect 

of maturity and storage on phenolic content, 

enzymatic activity and discoloration of potatoes. 

Food Research. 25:693-705

Muneta P. 1977. Enzymatic blackening in potatoes: 

Influence of pH on dopachrome oxidation. 

American Potato Journal. 54:387-393

Patil SS, Zucker M. 1965. Potato phenolses, purification 

and properties. Journal of Biological Chemistry. 

240:3938-3943

Peterson RL, Baker WG, Howarth MJ. 1985 

Development and structure of tubers. Li PH (ed), 

Potato Physiology, pp.124-152, Academic Press, 

Orlando.

Stevens LH, Davelaar E. 1997. Biochemical potential of 

potato tubers to synthesize blackspot pigments in 

relation to their actual blackspot susceptibility. 

Journal of Agriculture and Food Chemistry. 

45:4221-4226

Storey RMJ, Davies HV. 1992. Tuber quality. Paul MH 

(ed), The Potato Crop, pp.507-569, Chapman & 

Hall, London.

Takeuchi W, Takahashi H, Kojima M. 1996. Production 

of diphenol oxidase from mushroom and mung 

bean (Vigma Mungo). Journal of the Japanese 

Society for Food Science and Technolgy. 43:875-

879

Vertregt N. 1968 Relation between blackspot and 

composition of the potato tuber. European potato 

Journal. 11:34-44

Weaver ML, Hautala E, Reeve RM. 1770. Studies of 

oxidase enzymes with reference to their location 

in potato tubers, bruising and susceptibility to 

blackspot, phenolase. American Potato Journal. 

47: 479-488

Effect of pH and substrates on polyphenol oxidase activity of Japanese processing potatoes



18

Unequal distribution of pH, polyphenol content and polyphenol
oxidase activity within Japanese processing potato tubers

Hironaka Kazunori1, Shimizu Akira1, Koaze Hiroshi1, Yamamoto Kazuo1, Sato Tadatoshi1,
Kojima Michiyuki1, Mori Motoyuki2 and Tsuda Shogo2

Obihiro University of Agriculture and Veterinary Medicine, Obihiro, Hokkaido 080-8555, Japan

National Agricultural Research Center for Hokkaido Region, Memuro, Kasai-gun, Hokkaido 082-0071,  

Japan

Res. Bull. Obihiro Univ.    29 18 23 (2008)

(Received:21 April, 2008)　(Accepted:15 May, 2008)

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

 Blackspot bruise in potato (Solanum tuberosum L.) 

is an internal discoloration of tuber tissue caused by a 

sequence of biochemical oxidation which is initiated by 

a mechanical injury which occurs during mechanical 

harvesting, transport and storage.   Blackspot bruise is 
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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.

 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  and 90-95% RH for 105 

days.   Samples used in this experiment were approximately 

150 g.

 The homogenate was prepared according to the 

method described by Hsu et al. (1988).   Each of the 

five unbruised potato tubers in the bag was separated into 

three tuber areas: stem end, middle and bud end (Fig. 

1).   Each divided potato was then peeled and cut into 

5 mm cubes.   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 g for 10 min at 0 .

 Two ml of the supernatant was rapidly applied to a 

Sephadex G-25 column (i.d. 1.5 cm 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.

 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, 

Hironaka Kazunori, Shimizu Akira, Koaze Hiroshi, Yamamoto Kazuo, Sato Tadatoshi, Kojima Michiyuki, Mori Motoyuki and Tsuda Shogo

Fig.1. Potato tuber areas
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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 µM 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.

 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.

 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 were analyzed by means of one-way analysis of 

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

Unequal distribution of pH, polyphenol content and polyphenol oxidase activity within Japanese processing potato tubers

determine significant differences.

 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.

Fig.2. pH of potatoes stored at 12
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 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).

Table 1. Mean pH of stem end, middle, and bud end of potatoes over storage period

Area pH

Stem end
Middle
Bud end

6.31a
6.17ab
6.12b

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

 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.

Fig.3. Polyphenol contents of potatoes stored at 12

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
Middle
Bud end

0.78a
0.63a
0.57a

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

Fig.4. Polyphenol contents of potatoes stored at 12
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Unequal distribution of pH, polyphenol content and polyphenol oxidase activity within Japanese processing potato tubers
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Table 1 Extract's weight, polyphenol contents and relative antioxidant- and radical scavenzing activities of

           Adzuki beans extracts.

Condition(1)3 Condition(2)3 Condition(3)3

Ex A Ex B Ex C Ex D Ex E Ex F
Extract (mg)1 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 (%)2 62.6 76.9 81.9 73.5 57.1 71.0
(b) NBT (%)2 38.1 47.9 33.5 38.5 31.8 39.3

１Extract show extract's weight of 5g seeds. 
２Relative antioxidant and radical scavenzing activities measured with (a)250µg and (b)50µg of each extract.
３Ex A is extracts at 20  condition during 24hours from 5g seeds. 
Ex B is extracts at 100  condition during 1hour from seed coat of treated seeds.
Ex C is extracts at 50  condition during 5hours from 5g seeds.
Ex D is extracts at 100  condition during 1hour from seed coat of treated seeds.
Ex E is extracts at 100  condition during 15minutes from 5g seeds.
Ex F is extracts at 100  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* value1 Polyphenol
(mg/100g seeds)

Polyphenol
(mg/100 grains)No. Varieties Skin color L* a* b* C*

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 12.9 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 24.5 1.6
13 382-PI157633 Ivory Yellow, partly Black - - - - 211.2 8.2 33.7 1.3
１ Values show average for more than 50seeds. C*=(a*

2
+b*

2
)

1/2
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Table 3 RP-HPLC profile of 13 varieties of Adzuki bean seed polyphenols.

　 　 　 　 　 　 　 　 (%)
No.   Varieties CG C PC QMG QDG 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, 
　　　　　　QDG: 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.

(A) (B)
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 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  water for 5 hours from seed, and subsequent extracts 

with 100  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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Table 1

Table 2

Table 

3

Table 3 in vitro

in vivo

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 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 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.

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

           and BRBP after feeding with sucrose
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Table 4

Table 5

Table 4

50% inhibition concentration (IC50, ppb)

　 -amylase -glucosidase

RRBP 97 479

YRBP 101 314

BRBP 583 n.d.

n.d. not detected

Table 3 Polyphenol concentration which inhibits -amylase and

          -glucosidase activity to 50% 
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Table 4

Table 

5

　
Spiece

　
Variety

Polyphenol 
(mg/g FW)

Proportion of the polyphenol Anthocyanin
 (µg/g FW)A B C

Red raspberry
Waindarbayred 1.8 0.1 55 1 44 30.4 2.1

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 1 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 etanol fraction, B methanol fraction and C 60% acetone fraction of the 
LH-20 column.
Values are means  standard deviations.

Table 4 Polyphenol and anthocyanin contents of 11 fruits
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Spiece Variety

Antioxidant activity 
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50% inhibition concentration of 
pancreatic lipase　

(IC50, ppm)

Red raspberry
Waindarbayred 13.8 0.5 47.0 

Skyna 13.9 0.3 44.2 
Neutoka 13.4 0.5 32.7 

Yellow raspberry
Fargold 11.3 0.4 28.2 
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Table 5  Antioxidant activity and pancreatic lipase inhibition of 11 fruits
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 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



39

A
n introductory study on Shu E

m
a“Yam

a no Tam
i”〔

5〕
:

A research on the process of rew
riting (5)・

From
 G

akkai version to Toga Shobo version(A
)

Jun’ichi SH
IB

A
G

U
C

H
I



40



41



42



43



44



45



46



47



48



49



50



51



52



53



54



55



56



57



58



59



60



61



62



63



64

く



65



66

Fahrig 1997

Laboratory of Wildlife Ecology, Obihiro University of Agriculture and Veterinary Medicine, Obihiro, Hokkaido 080-8555, Japan

Corresponding author e-mail: yanagawa＠obihiro.ac.jp

Res. Bull. Obihiro Univ.    29 66 73 (2008)

Vulpes vulpes schrencki

Cervus nippon yesoensis Ursus arctos yezoensis Lepus 

timidus ainu Martes zibellina brachyura Procyon lotor

Sciurus vulgaris orientis

Utilization of riparian forests and windbreak forests by mammals in the Tokachi district of Hokkaido

Mami Yoshioka and Hisashi Yanagawa

Thomas et al. 1979
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fragmentation on population extinction. J. Wildl. 

Manage. 61: 603-610

Kauffman, MT, Sanjayan M, Lowenstein J, Nelson A, 

Jeo RM, Crooks KR. 2007. Remote camera-trap 

methods and analyses reveal impacts of rangeland 

management on Namibian carnivore communities.

Oryx 41 70-78

Thomas JW, Maser C, Rodiek JE. 1979. Wildlife habitat 

in managed forest The Blue Mountains of Oregon 

and Washington. USDA Forest Service Agricultural 

Handbook pp. 40-47. Washington DC

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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The purpose of this study was to clarify quantitatively 

Japanese consumers’ valuation of bovine spongiform 

encephalopathy (BSE) tested domestic beef. One hundred 



81

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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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

Verticillium lecanii (Lecanicillium muscarium)

†
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 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 

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 

Emiko Hirano et al.

Verticillium lecanii Lecanicillium muscarium

V. lecanii

V. lecanii

, Lecanicillium lecanii, Verticillium

lecanii,
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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 (1 107 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.

 Two isolates of V. lecanii were studied: B-2 (L. 

muscarium), 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 

was cultured on potato dextrose agar (PDA; 200 g of 

potatoes, 20 g of glucose, and 20 g of agar /l) 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 

1 107 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 1 105 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 l 

for all experiments.

 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 (1 107 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 (1 105 spores/ml) 24 h or 

72 h after pre-inoculation. Following inoculation, plants 

Pre-inoculation with Verticillium lecanii induces resistance

V. lecanii
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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.

 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 1.0 10-

1 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 

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 10-

1 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 1.0  10-1 to 1.0 10-4; 0.2 ml of 

each 1.0 10-3 and 1.0 10-4 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.

 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 (1 107 

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 70 mm) and stored at -80°C. Each test was 

performed in quadruplicate.

 An acid peroxidase (PO) and a phenylalanine 

ammonia lyase (PAL) are putative biochemical markers for 

V.lecanii

Emiko Hirano et al.
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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-HCl 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 H2O2. Assays were initiated by addition of the crude 

extract (100µl) to the mixture and the change in optical 

density at 470 nm was measured for 1 min. The PO 

activity was calculated as ΔA470 nm mg-1 min-1. 

 Using L-phenylalanine as the substrate, PAL was 

assayed. The reaction mixture consisted of 500 µl of 0.2 

%(w/v) L-phenylalanine in 50 mM Tris-HCl buffer (pH 

8.8) and 500 µl of the crude extract. The mixture was 

incubated for 1 h at 40°C, and 100 µl of 0.1 N-HCl 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.

 In a glasshouse under natural light (25 1°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, 1 107 spores/ml) were sprayed on leaf surfaces 

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, 1 105 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.

 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 (PAL1) and a pathogenesis-

related protein 1 gene homologue (PR1-1a), 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 25µg, 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, β-actin. 

The following primers were used: β-actin (forward, 
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5’-GGCCGTTCTGTCCCTCTAC-3’; reverse, 5’-

CAGCTCCGATGGTGATGAC-3’ ), PO (forward, 5’-

CTGACATTCTACTAGCCCTTGGTTCT-3’; reverse, 

5’-TCTGCGTTTGGATTATTGTTTAGG-3’), PR1-

1a (forward, 5’-GGCAGCCCAGACTTCTCAGC-3’; 

reverse, 5’-GCATCTCACTTTGGCACATCCTA-3’)

and PAL1 (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 β-actin gene; 

obtained information was processed using a densitometer.

Each test was performed three times.

 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).

 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 10-3 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.

V. lecanii

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). , significant difference from control, p= 0.01.

       (Scheffe’s F test)

 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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 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 

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.

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 

Pre-inoculation with Verticillium lecanii induces resistance

Fig.2. Colonization of V. lecanii on cucumber rhizoplane

and inside the root tissues. , significant difference

 from control, p = 0.05. (Scheffe's F test)
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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.

Fig.5. Induction of peroxidase (PO)(A,C) and phenylalanine ammonia-lyase (PAL)(B,D) activities in cucumber leaves

         inoculated with pathogen after pre-inoculation of 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. Arrow indicates the time of inoculation.
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 No significant differences were observed in activation 

of PO, PAL1 and PR1-1a expression in the second leaves 

of cucumber plants inoculated with pathogen after pre-

inoculation with B-2 (Fig. 6).

Fig.6. RT-PCR analysis of PO(A), PAL1(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.

Pre-inoculation with Verticillium lecanii induces resistance

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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 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 al.(1999) indicated that humidity 

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 PAL1 and PR1-1a 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 PAL1 did not increase and expression of 

PR1-1a 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., 

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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  平成１９年度   The 2007 Academic Year 

  帯広畜産大学大学院畜産学研究科   Index of Master's Theses for 

  修士学位論文題目   the Graduate School of Obihiro 

     University of Agriculture and 

     Veterinary Medicine 

      

      

  畜産管理学専攻   Master's Course of Animal Production 

     and Agricultural Economics 

      

1 . 農業農村整備における公共事業評価手法の改善に関する研究 1 . Study on Improvement of Evaluation Method of the Public Works 

  （小森 利通，共生家畜システム学）   Project in the Agricultural and Rural Development 

     (Toshiyuki KOMORI，Animal Production and Agricultural Economics

      

2 . ウシ雌性単為発生胚における胎盤機能関連遺伝子の発現動態に関する 2 . Study on Changes in the mRNA Transcripts of Placental Genes in 

  研究   Bovine Embryos Derived from Parthenogenetic Activation 

  （永井 裕記，家畜育種増殖学）   (Hiroki NAGAI，Animal Production and Agricultural Economics) 

      

3 . ウシ卵母細胞・初期胚におけるエネルギー基質としてのグリセロール 3 . Evaluation of Glycerol as an Energy Substrate in Bovine Oocyte 

  の評価   Maturation and Early Development 

  (大河原 澄香，家畜育種増殖学)   (Sumika OKAWARA，Animal Production and Agricultural Economics) 

      

4 . ウシ卵巣におけるエストロジェン受容体の発現動態およびFSHによる 4 . Studies on Expression Dynamics of Estrogen Receptor Alpha and 

  発現調節に関する研究   Beta and Effect of FSH on Expressions of Estrogen Receptors 

  (加藤 史代，家畜育種増殖学）   (Fumiyo KATO,  Animal Production and Agricultural Economics)  

      

5 . 乳用牛における乳中尿素態窒素の遺伝率推定および泌乳形質，繁殖形 5 . Estimation of heritability for milk urea nitrogen and genetic 

  質との遺伝的関連に関する研究   correlations of milk urea nitrogen with milk production and 

  （下山 裕太，家畜育種増殖学）   reproductive traits in Hokkaido Holsteins 

     (Yuta SHIMOYAMA，Animal Production and Agricultural Economics) 

      

6 . ウシ顆粒層細胞の黄体化に伴うグルコース代謝変動と培地中グルコー 6 . Glucose metabolic variation in bovine granulosa cells during 

  ス濃度が黄体化に与える影響   luteinization in vitro and effects of glucose concentration on 

  （馬場 洋平，家畜育種増殖学）   the luteinization 

     (Youhei BABA， Bioresource Science) 

      

7 . 階層的クラスタリング手法を用いた複数の母集団の分類に関する研究 7 . A Classification of Populations Based on Hierarchical  

  （大貫 裕，畜産経営管理学）   Clustering Methods 

     (Yutaka ONUKI，Animal Production and Agricultural Economics)  

      

      

  畜産環境科学専攻   Master's Course of Agro-Environmental Science 

      

1 . 花粉ベクター法による遺伝子導入効率向上のためのテッポウユリ 1 ． Study on treatments of lily(Lilium longiflorum)Pollen for  

  (Lilium longiflorum)花粉の処理方法の検討   improvement of efficiency on gene transformation using pollen 

  (角南 匡紀，作物科学）   vector method 

     (Masaki SUNAMI，Agro-Envirommental Science) 
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2 . コムギにおける強種子休眠性白粒系統の開発と分子マーカーのスクリ 2 . Development of White-grained Lines with High Levels of Grain 

  ーニング   Dormancy and Screening of Molecular Markers in Wheat 

  （高尾 槙一，作物科学）   (Shinnichi TAKAO， Agro-Envirommental Science) 

      

3 . 穂発芽極難品種の交雑集団における種子休眠性ＱＴＬに連鎖するマー 3 . Efficiency of Molecular Markers Linked to Grain Dormancy QLTs 

  カーの有効性   in Different Popurations Derived from Extremely Preharvest  

  （常盤 明子，作物科学）   Sprouting Tolerant Varieties 

     (Akiko TOKIWA,  Agro-Envirommental Science) 

      

4 . イネのＡＢＣタンパク質ＷＢＣ/ＡＢＣＧサブファミリー遺伝子の構 4 . Structure and Expression Analysis of ATP-Binding Ｃassette 

  造と発現解析   (ABC) Protein WBC/ABCG Subfamily Genes in Rice(Oryza sativa L.)

  （船引 厚志，作物科学）   (Atsushi FUNABIKI，Agro-Envirommental Science) 

       

5 . 連続放牧下における泌乳牛の分布と移動距離 5 . Distribution and Traveling Distance of Lactating Dairy Cows  

  （渡辺 一貴，草地学）   Under Continuous Stocking 

     (Kazutaka HAMABE，Agro-Envirommental Science) 

      

      

6 . 湧水湿地の植生と土壌水分量の関係 6 . Relationship between vegetation and soil moisture of spring- 

  （林 佳寸美，草地学）   fed wetland 

     (Kasumi HAYASHI，Agro-Envirommental Science) 

      

7 . イネ科植物葉身のバイオメカニクス特性に関する研究 7 . Study on Biomechanical Property of Grass Leaves 

  （ｼﾞｬﾝﾊﾞﾙ ﾄｳﾑﾙｸﾔｸﾞ，草地学)   (Jambal Tumurkhuyag，Agro-Envirommental Science) 

       

8 . おびひろ動物園における中型食肉類３種に対する環境エンリッチ 8 . Environmental enrichment for the medium-sized carnivores in   

  メント   the Obihiro Zoo 

  （石川 森香，生態系保護学）   (Morika ISHIKAWA，Agro-Envirommental Science) 

      

9 . 水質汚濁が水生昆虫に及ぼす影響 9 . Effects of water pollution on aquatic insects  -Comparison of  

  －２つの河川における比較－   two streams- 

  （鯨井 康平，生態系保護学）   (Kohei KUJIRAI，Agro-Envirommental Science) 

      

10 . 帯広市街地におけるエゾモモンガのＨＳＩモデルの構築と検証 10 . Building and testing HIS models of Siberian flying squirrels  

  （小島 典子，生態系保護学）   in Obihiro, Hokkaido 

     (Noriko KOJIMA，Agro-Envirommental Science) 

      

11 . 警戒声を用いたエゾシカの交通事故防止策の検討 11 . Use of a recorded Sika Deer alarm call to prevent deer-vehicle 

  （鹿野 たか嶺，生態系保護学）   collisions 

      (Takane SHIKANO，Agro-Envirommental Science) 

      

12 . 北海道東部の都市農村域におけるヤマコウモリの採餌環境の選択性 12 . Foraging habitat selection of Japanese large noctule bats,  

     Nyctalus aviator, in urban/rural areas of eastern Hokkaido,  

  （立神 雅宣，生態系保護学）   Japan 

     (Masanori TATSUGAMI，Agro-Envirommental Science) 

      

13 . タヌキNyctereutes procyonoidesの頭骨・歯の形態および食性に関す 13 . Morphological studies on variation and food habits of the  

  る研究   raccoon dog(nyctereutes procyonoides): implications for geo- 
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    -日本列島の地史的背景と食性に基づきタヌキの地理的変異を考える-     logical historyin Japanese archipelago and environmental  

  （羽馬 千恵，生態系保護学）   adaptation 

     (Chie HABA，Agro-Envirommental Science) 

      

14 . 暗い森で生きるイチヤクソウ属植物の生存戦略に関わる菌根菌の役割 14 . The Effects of Mycorrhizal Fungi on Ecological Strategy for  

  の解明   Pyrola spp. In Understorey 

    （福川 悟，生態系保護学）     (Satoru FUKUKAWA，Agro-Envirommental Science) 

      

15 . 地上歩行性甲虫類の体液中に含まれる抗カビ活性画分の検索に関する 15 . Studies on exploration of antifungal factors from adult 

  研究    haemolymph of 4 species of ground beetles 

    （松尾 徳治郎，生態系保護学）     (Tokujirou MATSUO，Agro-Envirommental Science) 

       

16 . アブラムシの高次寄生蜂２種の寄主をめぐる種内・種間の相互作用 16 . Intra-and interspecific interactions of two aphid 

  （水谷 杏子，生態系保護学）   hyperparasitoids, Dendrocerus carpenteri(Curtis)(Hymenoptera: 

      Megaspilidae), andAsaphes suspensus(Nees)(Hymenoptera: 

     Pteromalidae)through their hosts. 

     (Kyoko MIZUTANI，Agro-Envirommental Science) 

      

17 . 苗畑で生育するエゾマツ実生と外生菌根菌の関係 17 ． Relationships between Ectomycorrhizal Fungi and Picea  

  （村田 弘祐，生態系保護学）   jezoensis Seedlings Growing on the Nursery in Hokkaido 

     (Kousuke MURATA，Agro-Envirommental Science) 

      

18 . 放牧牛に及ぼす外部寄生性害虫の影響に関する研究 18 . Studies on influence of ectoparasitic pests on pasturing  

  －特にウシの行動変化とストレスの発生について－   cattle inrelation to their behavior changes and physiological 

   （山形 聡美，生態系保護学）    stress 

     (Satomi YAMAGATA，Agro-Envirommental Science) 

      

19 . 北海道東部におけるカワガラスCliclus pallasiiの季節的な移動 19 . Seasonal migration of brown dippers Cinclus Pallasii in east  

  （山城 須賀子，生態系保護学）   part of Hokkaido 

      (Sugako YAMASHIRO，Agro-Envirommental Science) 

      

20 . 十勝の畑土壌におけるリン酸の蓄積と形態 20 . Effects of Soil Management and Fertilization on Phosphate  

  （溝田 千尋，土地資源利用学）   Accumulation in Cultivated Upland Soils in Tokachi district 

      (Chihiro MIZOTA，Agro-Envirommental Science) 

      

       

21 . テンサイの二種交互播種機の開発 21 . Development of Sugar Beet Planter for Avoiding Frost Damage 

  （金田 貴之，生物生産システム工学）   (Takayuki KANETA，Agro-Envirommental Science) 

       

22 . リン酸水素マグネシウム(ＭＨＰ)による乳牛糞尿メタン発酵消化液中 22 . Recovery of Ammonia from Digested Cattle Manure with magnesium 

  のアンモニア回収に関する研究   Hydrogen Phosphate(MHP) 

  （河原畑 正也，生物生産システム工学）   (Masaya KAWARABATA，Agro-Envirommental Science) 

       

23 . テンサイ肥大計測システムの開発と利用 23 . Development and Use of a Continuous Measurement System for Root

  （嶋津 光辰，生物生産システム工学）   Diameter of Sugar Beets 

     (Mitsuyoshi SHIMAZU，Agro-Envirommental Science) 
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    生物資源科学専攻     Master's Course of Bioresource Science 

       

1 . 糖脂質の発現調節－ヒト培養細胞内グロボトリオアシルセラミド含有 1 . Regulation of glycolipid expression -Analysis of the factor  

  を規定する因子の解析－   which defines contents of globotriaosylceramide in cultured  

  （大串 万葉，応用生命科学）   human cells- 

     (Mayo OHGUSHI，Bioresource Science) 

      

2 . 種々の変異α-ガラクトシダーゼＡの細胞内挙動と活性部位 2 . Study on behavior of various mutant α-galactosidase Ａ and  
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