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Preface

In recent years the TROPENTAG has become the most important International Con-
ference on development-oriented research in the fields of Food Security, Natural Re-
source Management and Rural Development in central Europe. Since 1999 it is con-
vened alternately by a number of German Universities in co-operation with ATSAF
and GTZ/BEAF, all of them are engaged in agriculture and forestry in tropical coun-
tries. The TROPENTAG provides an international platform for scientific and per-
sonal exchange for students, junior and senior scientists, and development practition-
ers alike. The increasing international interest in the TROPENTAG from a large and
still growing audience - some 850 participants from 72 countries have registered so
far - demonstrates its importance on the agenda of both, the development oriented
scientific community and the implementing development organisations.

The TROPENTAG 2008, organised by the Centre for Agriculture in the Tropics and
Subtropics of the University of Hohenheim, will be held under the conference theme
“Competition for Resources in a Changing World: New Drive for Rural Develop-
ment”.

After many years of public disregard, agriculture is back in the headlines. The con-
ference aims to shed light on the opportunities, threats and challenges triggered by
the ongoing boom in agriculture. Growing demand for food for a still rapidly in-
creasing population in the South, an alarming decrease in available arable land, and
the emergence of bio-energy production as a new powerful and competitive player
have contributed to recent price hikes in agricultural commodities. This development
increases the value of agricultural enterprises and stimulates investment in this long-
time neglected sector. Better-off farmers and international companies will most likely
benefit from the recent trends in agriculture, whereas resource-poor rural people, be-
ing economically unable to take part in the new drive in rural development, may be left
even more vulnerable and dependent. Land degradation, increasing scarcity of water
and negative impacts of climate change, which are intensively hitting the tropics and
subtropics, may counteract potentially positive developments. The agricultural sec-
tor being a significant contributor to greenhouse gas emissions and one of the largest
water users, also holds the key to alleviating emerging problems by developing more
resource-efficient, productive, climate-friendly and sustainable land use systems.
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The Tropentag 2008 will discuss the implications of the aforementioned issues on a
global, regional, farm and field level, considering resource allocation and use, biodi-
versity and income generation.

To broaden the accessibility of the results of this venue the abstracts of all contribu-
tions are published both as hardcopies and on the Internet under www.tropentag.de.

Georg Cadisch, Ludwig Kammesheidt, Béarbel Sagi and Folkard Asch
Organising and Scientific Committee of the TROPENTAG 2008

The organisers thankfully acknowledge the generous support by the following institutions:

Deutsche Gesellschaft fir Technische Zusammenarbeit (GTZ) GmbH commissioned by the
Bundesministerium fiir wirtschaftliche Zusammenarbeit und Entwicklung (BMZ) # Deutsche
Phytomedizinische Gesellschaft e.V. (DPG) # Vater und Sohn Eiselen Stiftung, Ulm # NATURA
- Network of European Agricultural Universities # University of Hohenheim # Centre for Agri-
culture in the Tropics and Subtropics of the University of Hohenheim
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Economics

High Demand to Find Pathwaysto Secure Food for Man

RALF SCHLAUDERER
University of Applied Sciences Weihenstephan, Department of Agriculture, Germany

Last years showed declining reserves of major food stuff due to further increasing
world population, limited land resources and declining yield increases. As a result
food prices increased rapidly and released increased social problems which partly
even led to riots, since people were not able to pay their daily food.

Forecasts show, that world population will grow from about 6.7 billions today to about
9.1 billions in 2050 - an increase of about 50 % or about 81 million per year. Already
today it is estimated, that more than 800 million people do not have enough to eat day
by day or seasonally. It has to be worried, that this number will increase, if there will
be no basic advances in food production, storage and proceeding. The development
will hit particularly the people who do already struggle to feed themselves and their
families because of very limited resources and income.

An increase of food production by using additional land seems to be only possible
on a limited scale. The major productive land resources are already used. Further
extension of arable land will come across environmental issues such as sustainability
of land use, limited water resources or erosion. On the other side increasing fuel
prices made biofuel production economically more interesting and so an additional
competition for land was generated.

To overcome this arising problematic situation and to be able to feed the increasing
world population on a sustainable way, we do have to support research to increase
our knowledge about these fields. We do need innovations in the different areas to
improve food production and food availability on a sustainable way. And last but not
least we do have to bring this knowledge and innovations to the people who need
this information in a way, that they are able to adapt it into their daily live. It is
not sufficient to have scientific solutions as long as 3olutionsére not adapted by the
people. We still need more information about the socio-economic forces improving
or hindering the adaption processes in different regions. These fields, which were not
in the focus of the international community in the last decades, have to be followed
forcefully to overcome this serious emerging situation.

Keywords: Development strategies, food security

Contact Address: Ralf Schlauderer, University of Applied Sciences Weihenstephan, Department
of Agriculture, Steingruberstrae 2, 91746 Weidenbach, Germany, e-mail: ralf.schlauderer@
fh-weihenstephan.de
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The Competitiveness of Brazilian Ricein the World Market: A
Compar ative Advantage Approach

ALCIDO ELENOR WANDER!, SYDENIA DE MIRANDA FERNANDESZ, CARLOS
MAGRI FERREIRA?
1Brazilian Agricultural Research Corporation (EMBRAPA), National Rice and Beans
Research Center (CNPAF), Brazil
2Federal University of Goias (UFG), School of Agronomy and Food Engineering, Brazil

Among cereals, rice represents a major source of food for an important part of global
population. As rice world stocks fall and prices climb, the food security of many coun-
tries can be negatively affected. However, for rice exporting countries, new opportu-
nities may arise from this new scenario, where currently only 7 % of total production
Is being internationally traded. New players may appear in the rice market while oth-
ers may reduce their participation. Based on this assumption, this paper’s aim was
to analyse the international competitiveness of Brazilian rice considering the world
market as well as some selected rice producing and exporting countries as potential
competitors. As main producers in year 2005, based on the amount of produced paddy
rice obtained from FAO data, China, India and Indonesia were considered; As main
exporters in 2005, based on the monetary value of exports obtained from WTO data,
United States of America, Uruguay and China were taken into consideration. For the
analysis, the Revealed Comparative Advantage (RCA) Index was used. According to
RCA-Index, a country would have a revealed comparative advantage and be compet-
itive if the RCA-Index is higher than 1.0. The analysis considered the period from
1995 to 2005. The main findings were that, so far, Brazil has no comparative ad-
vantage in producing rice and exporting it to the world market. From the considered
countries, in the past 10 years, Brazilian rice could only compete with Indonesian rice
i.e., the RCA-Index used to be higher than 1.0. Thus, Brazil’s participation in the
world market depends on structural changes in the rice market as well as on issues
related to cropping systems that may arise in the future.

Keywords. Comparative advantage, competitiveness, rice market

Contact Address: Alcido Elenor Wander, Brazilian Agricultural Research Corporation (EMBRAPA),
National Rice and Beans Research Center (CNPAF), Rodovia GO-462, km 12, 75375-000 Santo Anto-
nio de Goias, Brazil, e-mail: awander@cnpaf.embrapa.br
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Economics

Economic Transfor mation — Theory, Empirical Evidence and
L essons from Successful Developing Countries

CLEMENS BREISINGER, XINSHEN DIAO
International Food Policy Research Institute, Development Strategy and Governance,
United States of America

Our research is motivated by encouraging signs of growth acceleration in Africa that may her-
ald a new development era of rapid transformation. This paper provides an extensive litera-
ture review on development economics, empirical observations from successfully transforming
countries and analytic narratives on Thailand and Mexico. We find that the traditional devel-
opment theory is consistent with past experiences of countries that moved from low to middle
income level. However, this theory needs to be broadened in the light of rising inequalities
during transformation.

Successful transformation vitally depends on agricultural development and industrialisation
strategies. An early withdrawal of attention away from agriculture slows down transformation
and resulting inequalities have become a persistent development challenge. By-passing small
farmers in the process of agricultural modernisation has marginalised a large group of the rural
population. This has not only led to short term social tensions, but also made long-run poverty
reduction and improvements in inequality an extremely difficult task, even after countries have
reached middle income status.

Winner-picking industrialisation strategies and related policies have created big industrial sec-
tors, but these sectors have often failed to establish close links with the rest of the economy.
Increased inequality and the difficulties to make these “picked” sectors internationally com-
petitive and to generate sustainable long-term economic growth are all painful lessons drawn
from this type of transformation strategy. On the other hand, private sector-led manufacturing
growth, which is more of a “home-grown” nature and starts from a realistic base, is likely to be
more consistent with a country’s initial conditions and comparative advantage.

Unleashing agricultural and industrial growth potentials in Africa requires government action
to significantly improve the business environment. Public investments in infrastructure and im-
provements of the institutional environment for doing business are critical. In agriculture, the
most important policy action is the removal of urban-biased and industrial-biased policies in
trade, marketing, taxes and many other macroeconomic aspects. The most important public
investment is in rural infrastructure and agricultural research and extension. As in other coun-
tries, African farmers will use this opportunity to transform traditional agriculture and thereby
contribute to the successful transformation of their economies.

Keywords: Africa, economic growth, inequality, transformation

Contact Address. Clemens Breisinger, International Food Policy Research Institute, Development
Strategy and Governance, 2033 K Street NW, 20006 Washington, United States of America, e-mail:
c.breisinger@cgiar.org
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Mapping Poverty: How Many Different Geographic Profiles can
we Produce? An Application to Latin American Small Area
Estimates

GABRIELA ALCARAZ V.

University of Hohenheim, Institue of Agricultural Economics and Social Sciences in the
Tropics and Subtropics, Germany

The study of the geographic distribution of poverty has gained considerable attention
in recent times. Several methods have been developed and tested in different coun-
tries with the aim of producing disaggregated poverty incidence estimates that can be
portrayed in maps. For the case of Latin America, countries such as Bolivia, Brazil,
Ecuador, Guatemala, Honduras, Nicaragua, Panama, and Paraguay have joined these
efforts and produced updated geographic poverty profiles. These profiles can serve
as support for the identification of priority areas, the allocation of public expenditure,
and for policy making. As well, they can aid in the formulation of hypotheses as re-
gard causal factors of poverty and the validation of estimation results. Poverty maps
are created by classifying poverty incidence estimates into groups that reflect vari-
ous degrees of poverty. Several classification approaches are available and very often,
they produce different geographic profiles. In spite of this, most of the current poverty
mapping exercises lack of precise documentation about the classification approach
used and their rationale. This work reviews alternative classification approaches and
their implications for map display and interpretation. Using data from selected Latin
American countries, the analysis begins with the exploration of the spatial trend ob-
served in the poverty incidence estimates. Afterwards, alternative classification ap-
proaches are used for the creation of poverty profiles and compared for consistency
with the observed trend. The results clearly show how clusters of certain degrees of
poverty appear or disappear depending on the classification approach used and how
certain profiles deviate from the observed trend in the unclassed data. It is strongly
recommended that poverty map makers evaluate the consistency of their displays with
the data trend in order to transmit their findings, and that the proper documentation of
the mapping process is included for an adequate map interpretation.

Keywords:. Choropleth map, classification method, Latin America, poverty incidence

Contact Address: Gabriela Alcaraz V., University of Hohenheim, Institue of Agricultural Economics
and Social Sciences in the Tropics and Subtropics, Univ. of Hohenheim (490a), 70599 Stuttgart, Ger-
many, e-mail: galcaraz@uni-hohenheim.de
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Time Allocation, Poverty and Gender: Evidence from Post-War
Rwanda

KATI SCHINDLER
DIW Berlin, Department of International Economics, Germany

This paper analyses the impact of gender on time allocation in a developing country
context, using household survey data from Rwanda. Even though more than a decade
has passed since the genocide, Rwandan society still bears the demographic impact
of the conflict, which killed many more men than women. In the aftermath of the
genocide, the share of female-headed households increased sharply and many women
became the principal income-earner of their household.

The paper addresses these issues by analysing the determinants of time allocation
on domestic activities, such as water fetching and cooking, and on market activities,
including wage work and self-employment. This paper contributes to the literature
in two ways. First, it extends the framework of gender indicators and accounts for
interrelations between different indicators. More specifically, the paper compares
the impact of 1) gender of head, 2) the regime of intra-household decision-making
processes, 3) an individual’s position within the household hierarchy, and 4) civil
status. Second, this paper applies the analysis both to the unit of the household and of
the individual.

Methodologically, the paper applies probit and tobit estimations and differentiates
between the participation in a particular activity and the intensity of time allocated to
an activity, expressed as shares of total time. This approach accounts for the selection
Into an activity.

Results reveal three issues. First, household composition has the most important ef-
fect on how men and women, but also male-headed and female-headed households
allocate their time. The presence of adult males particularly increases household time
spent in wage work — an important income source that insures household income
against agricultural risks in rural areas. Second, household hierarchy and gender are
interrelated as women heads do engage more intensively in domestic tasks. Given that
domestic tasks contribute less to the household income this may explain the higher in-
cidence of poverty among female-headed households. Third, more time is devoted to
wage work if the decision-making authority is concentrated in the head. The findings
of this paper make a strong argument for the provision of basic infrastructure which
might particularly increase women’s time shares in market activities.

Keywords. Gender, household, poverty, Rwanda, Sub-Saharan Africa, time alloca-
tion

Contact Address: Kati Schindler, DIW Berlin, Department of International Economics, Mohrenstr. 58,
10117 Berlin, Germany, e-mail: kschindler@diw.de
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Valueof Lifeat its Start: Socio-Economic Factors Affecting
Health Status of Population

FAISAL ABBAS
University of Bonn, Economic and Technological Change, Germany

This study aims at empirically estimating the affect of socioeconomic and health care
services variable to the health status in Pakistan. The availability and access to health
care services and the physical, and socio economic environment in which a person
live, broadly determines disease pattern, health status and therefore the quality of life.
Instead of income, this study uses intrinsically valued commodities like better health
status in terms of reduced infant mortality and increased life expectancy as an indi-
cator of success of health services outreach. Despite of economic growth, social and
demographic indicators in Pakistan presents a dismal picture as infant mortality rate
is still very high. Keeping in view the likely role of socioeconomic and access to
health care, the study tries to analyse that what factors determines the health status
improvement in Pakistan? And what is the role of health care access and inequality in
explaining mortality and their causal relationship? This study is first of its kind that
uses time series data from a developing country and applied cointegration approach.
Augmented Dickey Fuller (ADF) and Philip Perron (PP) test employed to examine
the issues of stationarity and unit root. Johansen cointegration approach is used to
determine the cointegrating vectors. While short run dynamics is captured using gen-
eral to specific methodology. Impulse response analysis (IRA) is employed by giving
shocks to health care access and its impact on health status. The analysis helps in
better resource allocation and target intervention, for better population health, in cost
effective manner.

Keywords. Cointegration, health care services, health status, human development,
infant mortality, life expectancy, Pakistan, time series model

Contact Address: Faisal Abbas, University of Bonn, Economic and Technological Change, Wal-
ter Flex Stralle 3, 53113 Bonn, Germany, e-mail: fabbas@uni-bonn.de
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Rural Knowledge Networ ks and Dynamics of Innovation: Lessons
from Bolivia’'s Smallholder Agriculture

FRANK HARTWICH
Swiss College of Agriculture (SHL), Switzerland

This contribution presents results from a study on how the inclusion of relational
parameters describing connectivity and embeddedness in social networks affects a
model that explains adoption of innovation among small farmers. Empirical evidence
Is derived from rural communities in four microregions in Bolivia that have used a
set of innovations including improved seed varieties as well as new plant protection,
harvest and post-harvest methods in the production of quinoa, a high altitude staple
grain. A robust Tobit regression model was applied to analyse variation in levels of
adoption depicted by the average degree of adoption across the diverse components
of the set of innovations promoted in every microregion. Embeddedness in social
networks was measured in terms of degree centrality of every farmer in the affiliation
network, a term calculated from the count of ties between farmers and other change
agents normalised by the maximum number of change agents each farmer could have
been affiliated with.

Results show that neither one of the three factors, framework conditions, innovative
capabilities and networking alone were able to sufficiently explain adoption of local
farmers; however in combination the three factors could explain up to 45 of the vari-
ation in the adoption rates. The inclusion of the networking variable in the model
improved the overall fit from 37 to 45%. Degree centrality alone did not improve
the overall explanatory power of the model; improvement of fit was rather achieved
through including the frequency of farmer’s interactions with a number of change
agents such as technology transfer agents, development projects and NGOs, neigh-
bouring producers, input providers, buyers and local authorities. This indicates that
innovation processes are indeed of collective character. Interaction with a single ex-
tension worker or project agent is not enough; rather it is the simultaneous relationship
with a range of change agents which does enable small producers to apply innovations
on their farms. The results lead to the conclusion that development projects foster-
ing agricultural innovation in regions such as rural Bolivia shall focus on knowledge
and technologies that respond to the local capacities among smallholders and their
endowment with resources.

Keywords. Adoption, Bolivia, rural innovation, social networks

Contact Address. Frank Hartwich, Swiss College of Agriculture (SHL), Lénggasse 85, 3052 Zol-
likofen, Switzerland, e-mail: frank.hartwich@gmail.com

19



Economics

The Declining Profitability of Litchi Fruit Orchardsin Northern
Thailand: Can Agricultural Innovations Reversethe Trend?

PEPIJN SCHREINEMACHERS!, SITHIDECH ROYGRONG?2, CHAKRIT
POTCHANASIN®, THOMAS BERGER!
LUniversity of Hohenheim, Institute for Agricultural Economics and Social Sciences in
the Tropics and Subtropics, Germany
2University of Hohenheim, Institute for Plant Nutrition, Germany

The profitability of litchi growing in northern Thailand has declined during the last 15 years.
The potential substitution of seasonal field crops for litchi trees has created concerns about in-
creased levels of erosion, pesticide use, and irrigation water demands. In response, researchers
have been developing various technical innovations that could make litchi growing more prof-
itable again.

The objective of this paper is to ex-ante evaluate four of these innovations: artificial flower
induction to produce off-season fruits, village level fruit drying, improved shelf-life and fruit
quality, and greater irrigation efficiency. These innovations were evaluated in terms of five
indicators: profitability of litchi growing, farm household incomes, area under litchi orchards,
irrigation water use, and the environmental impact of pesticides as based on the environmental
impact quotient of pesticides (EIQ method). As some innovations (artificial flowering and
improved self-life) are only at a research stage, assumptions were made about their likely costs
and benefits.

The profitability of litchi growing and the four innovations was assessed through financial anal-
ysis. Although the results show that each innovation could increase profits of litchi growing,
this is no guarantee for farm level adoption. For this, opportunity costs, resource constraints,
risk aversion, and knowledge need to be taken into account. To do this, an integrated land use
model was developed that used an agent-based modelling approach to capture the heterogeneity
in opportunity costs between households and to capture the dynamics of innovation diffusion.
The model was calibrated to the Mae Sa watershed area in Chiang Mai province. Located
about 40 km northwest of the rapidly expanding town of Chiang Mai, the watershed has seen
rapid economic development which has created various farm and non-farm alternatives to litchi
growing. Farmers have increasingly left their litchi orchards unmanaged or have cut down
trees to replace them with more profitable crops. The watershed is hence not representative for
northern Thailand but could be a prospect for other areas in northern Thailand.

Using scenario analysis, each innovation is separately introduced into the model allowing a
comparison of their effects. In addition, the innovations are introduced simultaneously to anal-
yse their combined effect.

Keywords: Agent-based modelling, agricultural economics, ex-ante technology assessment,
pesticides
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Beyond State Extension Services: A Comparison of 5 New Forms
of Group-Based Knowledge Generation and Transmission in
Northern Viet Nam’s Pig Husbandry

IVEN ScHAD!, BIANCA HAUSSNER?

LUniversity of Hohenheim, Institute for Social Sciences in Agriculture, Agricultural Com-
munication and Extension, Germany

2University of Hohenheim, Institute for Animal Production in the Tropics and Subtropics,
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One option for smallholder farmers to absorb negative economic effects of growing compe-
tition for land resources is to enhance area-independent animal husbandry. Hence, efficient
production requires new methods of both knowledge generation and transmission to familiar-
ize farmers with new animal breeds, progressive management and feeding strategies as well as
controlled breeding schemes.

With an annual increase of demand for pork of 11 % and more than 80 % of supply coming
from small-scale production, pig husbandry in Viet Nam is booming. Nonetheless, the strong
patterns of sector growth are insufficiently backed-up by state extension struggling to serve the
needs of diversifying farmer communities and adjusting traditional top-down knowledge flows
to clients’ exact needs.

The research at hand monitored alternative forms of intended bottom-up extension over a one
year period using ethnographic methods such as participant observations, group discussions
and semi-structured interviews in 2 districts of Son La province within the framework of “the
Uplands Program”.

5 different forms of new extension - groups that were formed and guided each differently by
a Vietnamese University, a subproject of the Uplands Program, a state-induced pig union, a
farmer self-help ‘extension club’ and a direct government programme - that evolved in line
with the growing sector since early 2000 were identified and their capability to disseminate
knowledge and their scope of participation was assessed. Thereby the main arguments are
grouped around a) intention of the organisation and practical implementation, b) participation
and learning of members and c¢) knowledge effects on neighbouring non-members.

Results show that state-involvement plays an important and necessary role, although the con-
cept of participation is still vague. In non- and semi-state extension groups monitored, partici-
pation plays a more important role but advantages are far from being fully utilised, mostly due
to misperceptions of group-members or failed communication efforts.

Through joint field research of scientists from animal husbandry and rural sociology, impact
of extension on both production itself and socio-economic implications display potentials and
constraints of ‘alternative forms of extension” and the strong need of interdisciplinary research
to broaden the view on improving knowledge flows amongst the various parties.

Keywords: Extension, participation, pig husbandry , qualitative research, Viet Nam
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Towards a Sustainable Landuse Option in the Bamenda
Highlands, Cameroon: I mplicationsfor Sustainable Food Supply,
| ncome Generation and Climate Change Mitigation

NDOH MBUE INNOCENT
China University of Geosciences, Environmental Sciences and Engineering, China

A land use option that can contribute to climate change mitigation and welfare im-
provement of poor smallholder farmers who cannot integrate traditional markets, but
need alternatives for income generation, remains a challenge for researchers and pol-
icy makers in the Bamenda highlands. In a degrading agricultural landscape as such,
where traditional cultivations and pasture have released quantities of greenhouse gases
that are today significant in terms of their current impact and potential for long-term
contribution to global warming, carbon sequestration projects, like agro forestry, can
be an alternative. To verify this hypothesis, cost benefit analysis was employed. To
estimate opportunity cost of land use change, the net present value of agroforestry
was compared with those of pasture and traditional cultivations. Some indicators of
profitability and cash flow viability (net present value, pay back, etc.) were used. Sen-
sitivity analysis was used to simulate some salient conditions like interest rates, es-
tablishment costs and carbon prices. To complement these results, a rapid ecological
services assessment was undertaken. This was to determine the relative contributions
of the different options to environmental “viability”. All the options were found to
be economically viable. However, agro forestry (NPV = USD 1361 hat, IRR=30 %,
payback 4.5 years), though not as profitable as the pasture (NPV = USD 6829 ha,
IRR=63 %, payback 2 years), appears to be the only option that can meet up with the
current challenges. Opportunity cost is least (USD 2.09 ha!) for a change from tradi-
tional cultivations to agroforestry than from pasture to agroforestry (USD 12.16 ha™).
However, land suitability analysis, education and precise silvicultural practices would
be an asset.

Keywords: Cost benefit analysis, environmental viability, opportunity cost
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Effects of Innovations on the Production and Marketing of Fresh
Pineapplesfor Export in Ghana: Results of Innovation Effectson
System Participants

KWAMINA BANSON
Ghana Atomic Energy Commission, Biotechnology and Nuclear Agricultural Research
Institute, Ghana

In Ghana, pineapple export accounts for more than 50 percent of the total horticul-
tural exports and is a source of income and employment for many people. However,
the introduction of the new Pineapple variety MD2 has resulted in a rapid squeezing
out of smooth cayenne from the international market. MD2 has gained a share of
about 70 percent of the international market for fresh pineapples within the last few
years. Ghana belongs to the latecomers in the adoption of this new variety. This has
caused a major threat to resource poor producers who cannot easily catch up with this
innovation properly and to the pineapple industry as a whole.

In the study, the dynamic Structure, Conduct and Performance (SCP) model is used as
a framework for analysing the effects of the introduction of the new pineapple variety
MD?2 into the production and marketing system of the pineapple sector in Ghana.
The study was carried out in the peri-urban areas of the Greater Accra Region, an
area in the proximity to the ports of export. Producers and exporters were interviewed
using standardised questionnaires.

The results show that the change in product variety from smooth cayenne to MD2
has decreased competitiveness and farm income of producers due to limited access
to planting materials, other inputs, credits, and know-how. In addition, producer pro-
duction involves high levels of uncertainty concerning marketing risk, rejection of
produce and late- and non-payment by exporters. The production of other crops is
one way producers adopt to reduce their dependence on pineapple cultivation and the
associated vulnerability to price declines or excess supply. The research also shows
that innovative firms in Ghana are not markedly more profitable in terms of rates of
return on sales or assets. However they do have much higher rates of sales growth,
which means that the absolute amount of profits grows faster than in less innovative
firms. As hypothesised the study confirms that innovations in product variety from
smooth cayenne to MD2 have worsened the plight and competitiveness of the small
scale resource poor farmers in Ghana.

Keywords: Exporters, horticulture, international marker, MD2, pineapple, cayenne
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Potential Economic Benefits of Balanced Nutrient Management
Systems Technologiesin the Northern Guinea Savannah of West
Africa
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1Obafemi Awolowo University, Agricultural Economics, Nigeria
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As part of a major effort to address soil fertility decline in West Africa (WA), a
project on balanced nutrient management systems (BNMS) has been implemented
in the northern Guinea savannah (NGS) of Nigeria since 2000. The project has tested
and promoted two major technology packages: a combined application of inorganic
fertiliser and manure (BNMS-manure) and a soybean/maize rotation practice (BNMS-
rotation). This study assesses the potential economic benefits of the technologies us-
ing economic surplus model with data collected from 400 households supplemented
with baseline and other secondary data. The results of the study indicate that a closed
economy model, BNMS-manure will yield a consumer surplus of about US$ 56 mil-
lion by the year 2030 in Nigeria. The net present value (NPV) of the investment in
BNMS-manure is estimated to be in the range of US$ 84-107 million, the internal
rate of return (IRR) between 24 and 36%; and the benefit: cost (B:C) ratio anywhere
from 14.4-47.3. Under the same conditions, BNMS-rotation is expected to yield
net present value in the range of US$ 1.06 billion to US$ 1.46 billion with the IRR
between 44-57% and the B:C ratio of 211-638. Similarly, in a small open econ-
omy model, under the same period, the potential benefits of adopting these technolo-
gies on producers and consumers of maize and Gross Domestic Product (GDP) are
enormous. Although, the figures for BNMS-rotation are better than those of BNMS-
manure, the study presupposes a great need for dissemination of these technologies as
they promise to lead to productivity increases in maize production in the near future
in Nigeria as well as other countries in NGS of WA.

Keywords. Balanced nutrient management systems, manure, Internal rate of return,
net present value, potential economic benefits
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Training Female Farmersasa Tool for Rural Development -
A Review on Experiences from Bali, Indonesia
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lwageningen University, Irrigation and Water Management, The Netherlands
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Over the last decades Bali’s economy has been flourishing due to the growing tourism
sector. However, the sector has experienced a sudden decline after the Bali bombing
in 2002. This incident caused many rural communities to lose their extra income from
the tourist sector and made them rely on agricultural activities again. As the tourist
sector is steadily recovering in some regions, direct profit for the rural population is
still minimal. New ways have to be found to provide them income possibilities.
Although women are carrying out most of the work in Balinese communities, decision
making is still lying in the hands of men. Thus empowerment of women in rural
regions is also a key issue which needs to be addressed.

The demand of fresh, high quality vegetables by tourists is a possible income source
for rural communities. The “Bali Fresh Femal Farmers Partnership” (BFFFP) is a co-
operation which was created to provide small farmers market access. A close network
of local women with an input supplier, a sales company and horticultural experts was
Initiated, to ensure production and marketing of high-value products. The climate of
the highlands of Kintamani, where the BFFFP is located, is highly suitable for grow-
ing vegetables. However, most farmers still restrict themselves to growing low profit
crops, such as cabbage and onion. To enable the female farmers to produce high-
value crops, such as bell pepper and various lettuces, practical and financial support
was given in the beginning of the project.

Currently about fifty women are organised in small groups of ten farmers. Frequent
meetings with all stakeholders along the production and marketing chain are held to
ensure quality and marketability of the products. Adoption of improved production
systems by the female farmers, to enable them to independently and continuously
deliver the demanded vegetables to the tourist regions in a long run, is the target. Up
to now still difficulties occur regarding amount and timing of fertilisation, as well as
precise yield predictions. Therefore ongoing consulting and training is necessary. By
increased expertise and money inflow local women experience a stronger position in
the local community.

Keywords. Gender, market access, production chain, development
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Knowledge Transfer Systemsin China: An Example of Vegetable
| ntercropping Systemsin Hebei Province
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LUniversity of Hohenheim, Inst. for Crop Production and Grassland Research, Germany
2China Agriculture University, College of Agricultural Resources and Environmental Sci-
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The North China Plain being East Asia’s largest alluvial plain is of high importance to food se-
curity in China, accounting to one fifth of China’s total food production. Highly intensive agri-
cultural practices during the last decades let to a dramatic degradation of arable land, severely
endangering sustainability. In recent years a steady shift from cereal production systems into
vegetable production systems can be observed. As most vegetables have much higher water
and nutrient requirements environmental degradation caused by vegetable production is many
times over that of cereal production systems.

Intercropping, the simultaneous cultivation of two or more crops on the same field is widely
practised in Hebei province. Intercropping can use environmental resources more efficiently,
weed and pest pressure are lowered and the risk of crop failure is reduced. Intercropping can
lead to higher yields and at the same time environmental degradation can be minimised by
controlling erosion and leaching of nutrients. A qualitative inquiry in Hebei province was con-
ducted, interviewing researchers, administrators, consultants and farmers on occurrence, meth-
ods, chances and constraints of vegetable intercropping. Semi-structured in depth interviews
were used to examine where the ideas for the systems are generated, and how the dissemina-
tion is taking place. More than 60 hours of recorded interviews and numerous written down
interview reports had been analysed.

In most cases the intercropping systems are developed by the farmers themselves, or their
ancestors, and later are adapted by farmers inside the village and in neighbouring villages.
Some systems, which proved to be successful are also picked up by the local and regional
state extension service and are disseminated among farmers. Transfer of the systems to other
extension stations inside and outside the province was also reported. Due to its interesting fea-
tures, agricultural researchers also recognise certain intercropping systems practised by farm-
ers. However, after being examined by researchers, improved systems are not redistributed
to extensionists and farmers. Extensionists claim that “researchers don’t know about farmers’
problems” and that “they keep the results in their labs”. On the contrary researchers state that
most extension technicians lack of agricultural knowledge and “should be re-educated”.

Keywords: China, knowledge transfer, vegetable intercropping
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Development of Agricultural Open Educational Resources
through the Use of Wikieducator
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A challenge for agricultural education, research and development is the availability
of technical and scientific information. Open Educational Resources (OER) - similar
to Free/Libre Open-Source Software (FLOSS) - are becoming increasingly attractive
and important as an alternative to professional textbooks and journals, especially in
sub-Saharan Africa (SSA). The Commonwealth of Learning (COL) is adapting agri-
cultural open educational resources (AOER) to expand agricultural education for im-
proved livelihoods in SSA. COL created the WikiEducator (www.wikieducator.org)
for collaborative:

* planning education projects linked with the development of free content,

* developing free content for e-learning,

* building open educational resources.

A “Wiki” is a website which anyone can use for publishing and editing online. COL’s
WikiEducator uses the same free soft-ware that is used for Wikipedia. One can edit
and modify content from anywhere in the world. Therefore WikiEducator is an excel-
lent tool for international collaboration on free content development, such as AOER.
In June 2007, in collaboration with and at the World Agroforestry Centre (ICRAF),
Nairobi, Kenya, COL conducted a workshop on AOER. The workshop was build
around a toolkit (www.wikieducator.org _workshop_ toolkit) and included 23 col-
laborators from 10 countries, mainly from agricultural universities. Workshop goals
were to:

* let participants have hands-on experience in using the WikiEducator and prac-

tice developing content,

* try out an online version of the training toolkit for fine-tuning and pilot testing.
Complementary subjects included e-learning, instructional design, learning objects,
on-line learning resources, and copyright licensing options, specifically
http://creativecommons.org/ licenses/by-sa. Most workshop participants were not used
to the development of educational content in an open manner. Some common fears
addressed during the workshop were related to:

* loss of intellectual property rights,

* security of published content and risk of vandalisation,

* lack of motivation and incentives for producing OER materials.

Contact Address. Rainer Zachmann, Consultant International Agricultural Research, Training, Com-
munication, Kapellenstr. 28, 89079 Ulm, Germany, e-mail: zachmann@extension-line.de
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Experiences with Wiki platforms show that these fears are not substantial.

This was the first COL-initiated workshop on agricultural education and Wiki-Educa-
tor in Africa. We expect that AOER and Wiki-Educator will be taken up by national,
African (e.g. Forum for Agricultural Research in Africa - FARA) and international in-
stitutions (e.g. Consultative Group on International Agricultural Research - CGIAR).

Keywords. Commonwealth of Learning, e-learning, ODL, open educational resources
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Technology-M ediated Open and Distance Education
(Tech-M ODE) for Agricultural Education and Improved
Livelihoodsin Sub-Saharan Africa
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2The Commonwealth of Learning (COL), Canada

Globalisation, market liberalisation and worldwide food situation are threatening food
security of the developing countries, which depend on millions of small farmers. Such
farmers require access to information, learning and new skills to take advantage of
the emerging income-generating opportunities (e.g. meat, milk, vegetables, fruits,
flowers). They need relevant, useful, accurate and reliable information in a timely
manner for their self-directed learning. This requires new ways of developing and
delivering information. Technology-mediated open and distance education (Tech-
MODE) - a combination of open and distance learning (ODL) with information and
communication technologies (ICT) - has potential to satisfy such demands.

The Commonwealth of Learning (COL) wishes to identify opportunities for a com-
plementary and catalytic role to expand the scope for Tech-MODE for agricultural
education and improved livelihoods in sub-Saharan Africa. In 2007, COL undertook
country case studies in eight Commonwealth countries from West, Central, East and
Southern Africa: Nigeria, Ghana and Sierra Leone; Cameroon; Kenya and Uganda;
Tanzania and Zambia; respectively.

An inventory of local institutions, facilities and capabilities for Tech-MODE included:

» Country status of agriculture, horticulture and livelihood,;

» National ICT policies and strategies on agriculture;

* Institutions, facilities, capabilities, government support, and potential available
to implement Tech-MODE in collaboration with COL;

» Recommendations and suggestions to COL.

Conclusions and recommendations:

» Agriculture is the engine of development. Agriculture contributes from 17
(Nigeria) to 49 % (Sierra Leone) to GDP. Labor force in agriculture extends
from 60 (Ghana) to 85 % (Zambia).

» National ICT policies either exist or are in process. They may include education
in general, but rarely reach agriculture specifically. ODL is well recognised, but
rarely with emphasis on agriculture.

* Collaborators for Tech-MODE are available mainly on formal educational lev-
els. A few international partnerships are in progress.

» Recommendations for consideration by COL and interested partner organisa-
tions fall into five categories: policy, infrastructure, socio-economy, capacity

Contact Address. Rainer Zachmann, Consultant International Agricultural Research, Training, Com-
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building, and collaboration. COL may assist in identifying learning needs and
opportunities, establishing linkages and partnerships, facilitating proof of con-
cept studies, capacity building, training, development of Tech-MODE-based
learning materials and models, monitoring, and following up.

Keywords. Commonwealth of learning, country studies, e-learning, Sub-Saharan
Africa, Tech-MODE, distance-learning,
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Estimating the Shadow Price of Greenhouse Gas Emissions for
Dairy Farmsin Mashhad
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Greenhouse gas emissions are one of the most important factors inducing climate
change and biodiversity damages. Agriculture is one of the biggest sources of green-
house gas emissions. In this paper, the environmental costs of agricultural greenhouse
gas emissions were calculated. Our sample existed of 85 dairy farms in the Razavi
Khorasan province of Iran, selected by simple sampling method out of 1385 farms.
Results showed for the sample that the amount of CH,, CO,, N,O and all gases
(eq CO»/year) are 5485260, 263942580, 13120, and 383200480 kg, respectively.
Mean shadow prices of CH,, CO, and N,O are 1654.2, 159.7 and 1618.4 Rials per
kg, respectively. The ratio of greenhouse gas shadow prices to milk prices are 0.61,
0.058 and 0.59 for CH,, CO, and N,O respectively. The environmental costs of
greenhouse gases in order to produce 1 liter of milk are 21.2, 126.6 and 0.05 Rials for
CH,, CO; and N;O, respectively. Environmental costs for all greenhouse gases are
estimated at 147.8 Rials per kg of produced milk.

According to these results, the overall environmental costs of dairy farms was esti-
mated at 10 688 Rials for Mashhad (capital of Razavi Khorasan province) and 67 910 300
Million Rials for Iran. It is recommended that the policy makers use this study to em-
brace external costs and establish some measures like environmental taxes, improved
management and carbon sequestration, that could reduce environmental costs.

Keywords. Dairy farms, environmental pollution, greenhouse gases, shadow price
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Using SWAT to Evaluate Climate Change | mpact on the Water
Resourcesin the White Volta River Basin, West Africa
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LUniversity of Bonn, Center for Development Research (ZEF), Germany
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In West Africa, availability of and access to freshwater has a strong impact on pat-
terns of development in both rural and urban areas. Due to extreme temporal and
spatial variability in rainfall, global climate change, land degradation and population
growth among others, there is a serious threat to the sustenance of freshwater and
subsequently the livelihood of the many rural poor in West Africa. Therefore, wise
and effective management of freshwater sources in a river basin is necessary.

The GIS based, semi-distributed Soil and Water Assessment Tool (SWAT) model was
applied to the White \Wolta River Basin to quantify the basin’s water yield and to
evaluate the impact of climate change on water availability. The White Volta basin
IS a major sub catchment of the Volta River Basin located in West Africa. The major
riparian countries are Burkina Faso and Ghana. The main channel of the river has a
total length of 1,140 km and drains a total land area of about 106,000 km?. The model
was successfully setup, calibrated and validated using daily observed streamflow time
serie data for the period 1980-1999 with the first 6 years (1980-1985) used as warm-
up period. The results showed that SWAT was very well able to mimic the hydrology
of the White Volta basin. The streamflow, surface runoff and base flow were all well
reproduced by SWAT.

To evaluate the impact of climate change on water resources in the White \Volta basin,
the calibrated SWAT model was used to simulate the future water resources based
on the future climat series of the regional climate model MM5.This model has been
adapted to station-specific climate data using the weather generator LARS-WG. Com-
pared to the simulated present (1990-2000), the results of the simulated future water
resources (2030-2039) show important increases in the annual streamflow, surface
runoff and the baseflow.

Keywords. Base flow, climate change, modelling, streamflow, surface runoff, SWAT,
White Volta river basin
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Approachesto Modelling Vulnerability to Poverty in Rural
Householdsin Thua Thien Hue Province, Viet Nam
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Economic reforms have transformed Viet Nam into one of Asia’s fastest growing
countries which has achieved impressive progress on cutting poverty. The success of
its agricultural sector remains a key factor for maintaining this positive trend since the
majority of the population still lives in the countryside. Idiosyncratic and covariate
shocks pose a threat to the rural economy and can cause households to fall back or
deeper into poverty. However, positive shocks like the recent price surge for food
crops also offer opportunities. Modelling the reactions of rural households to shocks
presents a challenge. Several steps are necessary Firstly, a good understanding of
the Household’s decision-making processes, his income portfolios and his coping ca-
pacity are needed. Secondly a good concept to build such models that incorporate
vulnerability in the criterion function is needed. Thirdly, a good empirical data base
IS necessary.

This paper focuses on the third aspect, namely the collection of data and the formula-
tion of respective household models which are typical for the farm household systems
in Thua Thien Hue Province in Central Viet Nam. In this study primary data from
718 households were collected. Results of a descriptive analysis indicate that two
groups of typical farm households can be identified: Those households who are ex-
clusively engaged in own agricultural activities and those who are engaged in both
own agriculture and off-farm employment. The first group accounts for a larger share
of households in the mountainous areas of the province which is predominantly in-
habited by ethnic minorities. Major shocks by which households were affected in a
reference period of 5 years are unusually heavy rainfall, flooding and illness of house-
hold members. Shock-affected households applied different coping activities such as
borrowing from different sources, taking up of additional occupation and adjusting
their agricultural production portfolio. A considerable share of households did noth-
ing when a shock occurred. The outcome of the study points to the importance of
a more profound analysis of the effect of shocks on farm households and their risk
coping behaviour.
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By 2020 between 75 and 250 million people will be exposed to water stress due to climate
change impacts. Coupled with expected increases in demand for food and other land based
goods and services land use changes will occur, drastically threatening livelihoods of small-
scale farmers. Rain fed mixed crop livestock systems of north-eastern and central Tanzania are
likely to be most severely affected by these changes.

This project aims at assessing the regional impacts of climate change on agro-landscapes and
environment in Tanzania (eastern Arc, Dodoma) and at designing adaptation strategies and
practices for small-scale agriculture. Assessments on related land use sectors as forest, hydrol-
ogy, nature conservation and biodiversity are additionally considered involving local partners
and counterparts.

Driven by regional climate change scenarios, integrated agro-ecosystem models (including soil
water and nutrient dynamics and soil-crop-atmosphere-management interactions) are used to
assess combined climate change and management effects on crop production, water resources
and soil fertility. These agro-ecosystem models are linked closely to hydrological models,
which provide necessary boundary conditions such as groundwater level and get back the input
from the root zone, e.g. surface runoff, seepage, erosion and nutrient leaching.
Complementarily, stakeholders can develop options of management practices in potential future
agro-landscapes based on the same regional climate change scenarios. All three sustainability
dimensions (social, environmental and economic) are targeted and discussed with decisions
makers on the regional level. Stakeholder scenarios will be visualised and linked to the devel-
opment of good agricultural practices.

Model outputs will be used to evaluate good practices for potential future climatic conditions.
Stakeholder-based scenarios will be made compatible in an iterative process with model-based
scenarios. Options for climate change adapted good practices embedded into region based
scenarios of sustainable agro-landscapes are anticipated as key output of these exercises.
Rather than seeking climate-proof good practices for specific scenarios, this project will con-
tribute to the development of farming systems and livelihood strategies that are robust across a
range of possible future agro-landscapes. High emphasis is on the relevance for regional policy
development.

Keywords: Climate change adaptation, impact assessment, land use change, modelling, sce-
nario development
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Innovation Platforms. A New Approach for Livestock Mar ket
Development and | mproved M anagement Technologiesin the
Small-Scale Far ming Sector in Semi-Arid Southern Africa

ANDRE VANROOYEN, SABINE HOMANN
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Zimbabwe

Livestock is the most important source of on-farm income and insurance in the low-
input systems of semi-arid southern Africa. However, existing markets (especially
for small stock) are largely informal, with poorly developed infrastructure, inputs and
services, resulting in high transaction costs and increased risks along the value chain.
Although appropriate technologies and farming strategies to increase production in
small-scale crop-livestock systems exist, farmers without access to markets often have
little or no incentive to invest in these. As a result, livestock productivity remains
low, and important income opportunities are not captured. We believe that access to
improved markets will provide farmers with the incentive to invest in technologies to
increase production, with benefits to the resource-poor, as well as commercialising
farmers.

To implement this, we have developed a novel approach to facilitate dialogue between
the main local players in the value chain: farmers, market agents, input suppliers, and
the research and development fraternity. These Innovation Platforms identify bot-
tlenecks and opportunities in both production and marketing. The process is galva-
nized through discussions on market requirements (quantity, quality, and the timing
of sales), followed by an analysis of existing production strategies. The next step
is to identify and implement technologies to improve production to fulfil the market
demand. During a parallel and similar process the marketing system is analysed and
improvements to benefit all role players are tabled and tested within the local context.
This paper presents the concept and initial steps in establishing Innovation Platforms
In Mozambique, Namibia and Zimbabwe - countries at vastly different stages of live-
stock market development. The results document a strong motivation towards com-
mercialising livestock in all three countries and include a participatory analysis of the
main players, their challenges and linkages to the various value chains.

Innovation Platforms place technology and market development in the local context
based on common interests and strong partnerships between private and public sec-
tors. It builds local capacity, aligns production with market demands, and improves
the overall efficiency of the system, thereby increasing food security and income
growth while supporting the development of sustainable impact pathways.
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Economic Effects of Climate Changein the Middle Draa Valley in
M orocco

CLAUDIA HEIDECKE
University of Bonn, Institute for Food and Resource Economics, Germany

Irrigation water is essential for agriculture in the semi arid Draa River basin in south-
east Morocco. However, prolonged drought periods and effects of climate change will
worsen the unreliable water supply situation in the future. Characterized by small
palm tree oasis along the River Dréaa, agriculture is mainly practised in form of sub-
sistence farming through the cultivation of dates, cereals and fodder. Farmers have the
choice of surface- and groundwater for irrigation, whereas the overuse of the later has
lead to a decrease of groundwater tables and an increase of salinity rates during the last
years. Implementing uncertainty in water resource management models has been an
increasingly recognised tool to more realistically simulate river basin management.
In this paper a hydro-economic river basin model is extended towards a stochastic
modelling approach to incorporate the uncertainty of water supply. The model is an
optimisation model which maximises agricultural net revenues over all oases under
two main constraints: land and water. Both water quantity and water quality are con-
sidered for yield formation of seven major crops. On the basis of meteorological cli-
mate change scenarios from an interdisciplinary water research project, parameters of
the water availability density function is calculated using maximum likelihood tech-
niques. Based on these distributions, a random variable for water supply is introduced
to simulate inflows into the system. Scenarios are simulated for one year with ran-
dom reservoir inflows. Model results show that currently the probability of farmers to
receive revenues below the existence minimum is around ten percent but this is likely
to worsen in the future when water for irrigation becomes more scarce and unreliable
depending on the assumptions of the climate change scenarios. Groundwater use for
irrigation is increasing when surface water becomes scarce although groundwater is
assumed to be more costly than surface water.
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Motivation of CSR Orientated Public Private Partnershipsin
Fisheriesand Agriculture Development

LENA HOHFELD!, HERMANN WAIBEL!, FRED WEIROWSKI?
1 eibniz-University of Hannover, Institute of Development and Agricultural Economics,
Germany
2\World Fish Centre, Aquaculture, Malaysia

This paper analyses the possible contribution of private partners to development assis-
tance realised through two instruments: Corporate Social Responsibility (CSR) and
Public Private Partnerships (PPPs). As important topics in the field of development
assistance, the paper draws on examples from the fisheries and agriculture sector.

A number of corporate social activities can be found in the reporting of multinational
enterprises acting in developing countries, including implementation of human rights
and fair working conditions in the supply chain, building human capital through edu-
cation, and reducing pollution. These are not only interesting fields for a responsible
corporate management, but also for development policy. As a result, many develop-
ment agencies interpret CSR as the implementation of their aims at the company level
and support this concept through different policies. However, there are also critics
who believe the influence of CSR on development is overvalued. Potential problems
are seen in the different motivation of companies and development agencies. Respon-
sible acting companies must always be orientated on long term profitability. They
will not be orientated on strategic aims of development assistance, even if the fields
of CSR activities of companies and projects of development agencies may be similar.
On the other hand, development agencies try to increase efficiency by partnering with
profit-orientated companies in special designed PPP programs on the basis of their
strategic plans. These aim at a sustainable implementation of development projects.
This should increase the impact of development by allocating new financial resources
and the use of skills and experiences of the private sector within development assis-
tance projects. In practice many projects fail caused by organisational challenges,
different expectations and unclear goals, created by the different motivations of part-
ners.

This paper therefore will analyse the motivational structures of both partners, in order
to identify the potential contribution to development assistance and possible limita-
tions of CSR and PPP. In conclusion, a combination of these instruments - CSR -
motivated PPPs - will be discussed to determine their potential to avoid problems and
therefore increase the impact on development.

Keywords. Corporate social responsibility, corporate development responsibility,
public private partnerships, fisheries, aquaculture, development assistance
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The Impact of El Nifo Related Drought on Smallholder Farmers
in Central Sulawes, Indonesia: WhoisMost Vulnerable?

ALWIN KEILL, NiLs TEUFEL2, DODO GUNAWAN?2, CONSTANZE LEEMHUIS?
LUniversity of Hohenheim, Institute for Agricultural Economics and Social Sciences in
the Tropics and Subtropics, Germany
2International Livestock Research Institute (ILRI), India
3Research and Development Center, Meteorological and Geophysical Agency (BMG),
Indonesia
“4University of Bonn, Center for Development Research (ZEF), Germany

Crop production in the tropics is subject to considerable climate variability caused by the El
Nifio-Southern Oscillation (ENSO) phenomenon. In Southeast Asia, El Nifio causes compar-
atively dry conditions leading to substantial declines of crop yields with severe consequences
for the welfare of local farm households. In concert with global warming, the severity of ENSO
events is forecast to increase in the future. Using an interdisciplinary modelling approach that
combines regression analysis with linear programming (LP) and stochastic simulation, and in-
tegrates climatic and hydrologic modelling results, the objective of this paper is to assess the
impact of EI Nifio on agricultural incomes of different types of smallholder farmers in Central
Sulawesi, Indonesia, and to derive suitable crop management strategies to mitigate the income
depressions.

We identify five farm classes by cluster analysis. Our LP model maximises their cash balance at
the end of the time period most severely affected by EI Nifio. Main activities are the cultivation
of rice, maize, and cocoa. Accounting for water supply as an input factor, external Cobb-
Douglas production functions generate output according to the level of production intensity and
predicted weather patterns. A major limitation of LP models is that they produce deterministic
estimates of the expected outcome under a given scenario, hence failing to incorporate the risky
nature of agricultural production. In our modelling approach, stochastic simulation accounts for
variations in crop yields due to factors not captured by the production functions. lterative model
runs produce probability distributions of the model outcomes for each household class, rather
than point estimates, whereby the downside risk of failing to achieve a specified minimum
level of income is a particularly policy-relevant measure of vulnerability against ENSO-related
drought. The results can contribute to the formulation of enhanced development policies by
illustrating that drought-related crop management recommendations must be tailored to farm
households according to their location, farming system, and resource endowment.
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I nterlinks Between Cash Crops, Food Crops, Food Security and
Smallholder Farmsin Western Kenya: Disentangling the Old
Rural Development Fashion?

JUMBA IDALINYA, SIEGFRIED BAUER
Justus Liebig University, Institute of Project and Regional Planning, Germany

For several decades now, the notion about rapid population increase and the resultant
influx of urban areas due to rural-urban migration has been a familiar theme in the
development discourse of Sub-Saharan Africa. Due to the dependency of the majority
of rural dwellers on agriculture for livelihoods, the best approach of enhancing rural
development, so the argument went, was the increase in rural agricultural productivity
and effectively the rural dwellers’ purchasing power, leading to a reduction in rural
urban differentials. In no region is such a scenario as explicit as in East Africa and
particularly in Kenya. The various government policy programmes, for example the
Special Rural Development Programme (SRDP) and the District Focus Strategy for
Rural Development (DFSRD) were attempts to cement this policy.

With data of 182 sample farm households from western Kenya, the major objective
of the research was to examine the interlinks between cash crops, food crops, food
security and smallholder farms in a region characterised by continuous decline and
subdivision of farm size. The data comprising of two equal groups of both tea farmers
and non-tea farmers from 2007 production year was analysed by logit and log linear
models for participation in cash crop farming, food security and household income
determination.

According to the findings, households that engage in both on-farm and off-farm ac-
tivities are less likely to experience food insecurity, compared to those engaging in
only on-farm work. Such households are also likely to experience less intensity of
food insecurity irrespective of the crop mix. Participation in cash crop farming is also
likely to be undertaken by farm households also practicing off-farm work. Moreover,
households engaging in both on-farm and off-farm activities achieve higher per area
yields of the maize staple and/or the tea cash crop. Conclusively, declining farm size
in western Kenya has a strong correlation to food insecurity.

As a policy recommendation, the research points out that the induced approach of
considering agriculture as the engine and prerequisite for the transformation of rural
economies on which other sectors should be systemically built needs urgent revisiting
in terms of future research.

Keywords. Cash crops, farm size, food crops, food security, labour absorption, rural
development
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| ntegrating Small Scale Farmersto Regional Organic Markets:
| ssues, Opportunitiesand Constraintsin East Mau Catchment,
Kenya

DANIEL KYALOY, BERNHARD FREYER?, ERIC BETT?
LEgerton University, Agricultural Economics& Agri-Business mgt, Kenya
2University of Natural Resources and Applied Life Sciences (BOKU), Inst. of Organic
Farming, Austria

In Kenya, just like in other developing countries, the character of the food system and
nature of food policy is changing, with the supermarkets and other specialised outlets
taking a leading role in marketing of agricultural produce, policy makers have also
to focus on emerging issues with regard to food production, processing and market-
ing. As these changes occur, the gains are more likely to accrue to the more concen-
trated players who control the major agro-based and food processing systems. The
small scale farmers are likely to be the losers due to a number of challenges and poor
links of their production to the market. Against the backdrop of the expanding do-
mestic and export markets for organic produce accelerated by changing global food
systems, food, health and safety concerns, this study sought to identify the factors
that influence the level of local market participation for small scale farmers in East
Mau catchment. It was hypothesised that there is a relationship between the farmers’
level of participation in the market and the state of infrastructure, level of transaction
costs, level of trust and farm specific socioeconomic factors. A tobit model was used
to analyse the factors that influence farmers’ level of market participation. Results
indicate that, infrastructure, transaction costs, level of trust, inconsistent production
and low premiums were identified as some of the factors that mainly impede farmers
from competitive participation in the market for specified food crops. We suggest that
though it is important to target the ever growing export markets, there is need to em-
power the small scale farmers to fully participate in local and regional markets. The
link between the organic farmers and specialised and non specialised outlets in the
urban centres of Kenya is still weak. Primary data was collected through a household
survey on a sample of 308 farmers in the study area between January and March 2007,
Additional data was collected from focus group discussions with agricultural experts
in the region.

Keywords: Market participation, organic markets, transaction costs
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Health and Environmental I mpact of EU Private Standards:
Evidence from Kenyan Export Vegetable Growers

SoLOMON AsFaw!, DAGMAR MITHOFER?, HERMANN WAIBEL!
11 eibniz Universitat Hannover, Institute of Development and Agricultural Economics,
Germany
2International Centre of Insect Physiology and Ecology (ICIPE), Kenya

The proliferation and enhanced stringency of food-safety standards represent poten-
tial barriers to producers in developing countries seeking to expand their trade in high
value crops. Yet, they may also represent a catalyst for the upgrading and modernisa-
tion of production systems, which can help reduce hidden environmental and health
costs. The specific objectives of this paper are to: (1) estimate the effect of EU private
standards on pesticide related incidence of acute poisoning symptoms and its asso-
ciated cost-of-illness and (2) explore impact of private standards on improved crop
management practices as proxy for environmental benefits. To attain the objectives, a
theoretical non-separable farm household model is used as a starting point. Based on
the optimal health demand functions derived from the model’s first-order condition, an
empirical model is formulated and estimated. Farm level data were collected between
August 2005 and September 2006 via a cross-sectional survey of 449 households of
Kenyan export vegetable producers.

Results show that adoption of production standards like GlobalGAP significantly re-
duces pesticide ascribed incidence of acute poisoning symptoms and its associated
cost-of-illness. Ceteris paribus, farmer’s who adopt standards experience 78 % lesser
incidence of acute illness and spent about 50 % less on restoring their health compared
to non-adopter farmers. Although the health costs examined in this study are limited
to treatments related to a few acute health impairments (which could be just a small
part of the total health cost), they still account for about 86.4 % of the mean household
pesticide expenditure per cropping season for non-adopters and 39.6 % for adopters.
Likewise adoption of standards has a significant positive impact on environmental
outcomes corroborating the view that standards induce changes in farm production
systems in developing countries. Improved pesticide management practices entail
less pesticide intoxication by farmers and farm workers, improved environment and
efficiency gain. Generally this study strongly indicates that adoption of private stan-
dards can play a positive role, providing the catalyst and incentives for the adoption
of safer and more sustainable production practice.

Keywor ds. Adoption, environment, export vegetables, Global GAP standards, Kenya,
pesticide
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Organic Coffee, Fairtrade and Small-Scale Producers: Is
Certification a Way to Reduce Poverty in Nicaragua?

TINA BEUCHELTY, MANFRED ZELLER!, THOMAS OBERTHUR?
LUniversity of Hohenheim, Institute for Agricultural Economics and Social Sciences in
the Tropics and Subtropics, Germany
2Ecoagriculture Partners, Markets Division, Colombia

Coffee farmers and their organisations become increasingly aware of the potential benefits of
participation in high-value chains. Alternatives to conventional coffee production and market-
ing systems have evolved over time, offering now certification for environmentally friendly pro-
duction and fair marketing conditions. Certain production systems, such as organic or shaded
coffee, require usually a higher labour but a lower capital input compared to conventionally
grown coffee. The marketing of coffee through specialised market channels might be a viable
alternative for poor farmers, as these tend to offer more stable and even higher prices. Current
knowledge about welfare impacts of certification schemes on small-scale coffee producers is
inadequate.

Our research investigated the effects of organic and organic-fair trade certification on small-
scale coffee producers, organised in cooperatives, in northern Nicaragua. Cooperatives with
conventional farmers formed the control group for the quantitative and qualitative analysis.
The results of the qualitative research, consisting of various tools of the Participatory Research
Appraisal applied to key-persons and producer groups are presented. Results show a diver-
gence between public hopes regarding effects of certification schemes and reality. Certification
schemes may increase welfare of small-scale coffee farmers but it cannot be taken for granted.
The main reason for farmers to participate in certification schemes is the hope to achieve higher
or more stable incomes than from conventional production. Current price differentials paid for
certified coffee in the research region are not remarkably higher than for conventional coffee.
This jeopardises producer’s willingness to continue participating. Additionally, price differen-
tials are judged to be insufficient for the investments needed in the coffee plantation, and for
improving considerably the nutritional situation or the health status of producer families. Im-
provements in the living standard of a farm household are rather related to yield improvements,
which are triggered by development projects investing in agricultural training and extension
services. Since cooperatives are heterogeneous in the way they are structured, in their resource
endowment and human capital, not all offer equal services and access to development projects.
These differences have a far greater influence on the welfare of small-scale producers than the
certification itself.

Keywords: Certification, coffee, cooperatives, fair Trade, Nicaragua, organic agriculture, small-
scale producers
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Adaptation to Climate Changein Agriculture — Roles of
Development Cooper ation

NANA KUNKEL

Deutsche Gesellschaft flir Technische Zusammenarbeit (GTZ), Climate Protection Pro-
gramme for Developing Countries, Germany

Adaptation to climate change has become an important development cooperation is-
sue, both at international policy level and on the ground where it must focus on
strengthening adaptive capacity of societies and reducing vulnerability of the poor
in particular. Developing countries, as a group, are the ones most threatened by the
impacts of global climate change. This is true both because many of the poorest coun-
tries lie in regions where effects will be most damaging, and because their ability to
respond to harmful changes is the most limited.
Inagriculture, a critical expected impact of climate change is depression in major crop
yields in tropical and sub-tropical regions. Africa may become the region with highest
population of food insecure, up to 75 percent of world total by 2080. Arid and semi-
arid lands are expected to increase by 5-8%. On the other hand, many adaptation
options, including changes in planting dates, tillage practices or adjusted livestock
breeds in the short term or improved water management and irrigation systems and
diversification in the mid to long term can help to adapt to a changing climate.
In consequence, development cooperation activities must consider carefully the ex-
pected impacts of climate change and build in appropriate adaptive measures.
Concrete tasks for development cooperation include support to integrate climate change
concerns into decision-making and supporting mechanisms for risk management. This
contribution discusses how these issues can be addressed based on experiences from
three pilot projects:
 Application of cost-benefit analysis in supporting an adaptation strategy in the
Indonesian water sector with a focus on rice production
» Developing index based weather insurance to adapt to increasing drought risks
in agriculture in Mali
* Pilot application of climate proofing of development projects in a rural poverty
alleviation programme in Viet Nam.

Keywords. Adaptation, Africa, agriculture, climate change, climate proofing, cost-
benefit analysis, development cooperation, policy, risk management, weather insur-
ance
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Rising Food Prices - Causes, Consequences and I mpact for the
GTZ

PAUL SCHUETZ
Deutsche Gesellschaft fur Technische Zusammenarbeit (GTZ), Agriculture, Fisheries
and Nutrition, Germany

Since the end of 2007 one could observe worldwide an enormous rise in food prices.
In many developing countries serious implications have become visible. Besides the
low income food deficit countries also wealthier countries experience increasing infla-
tion and problems with the balance of payments, social unrest and political instability
due to high food prices in about 30 countries. Analysts fear that the achievements of
poverty reduction in the past years may be lost and more than 100 million people may
additionally fall below the poverty line.

There exists a broad consensus about the causes of the crisis. Important factors were
decreasing stocks, failing harvests in important export countries, changing consump-
tion pattern in populous emerging countries, the rise in fossil energy, fertilsers and
transport. The declining investments in agriculture (private and public) have added to
the situation. The effect of biofuel quotas are being discussed controversially and the
influence of speculative investments are not yet fully transparent.

The international community has reacted swiftly and decisive. Under the auspices of
the Secretary General of the UN a Task Force has been established that has developed
a catalogue of measures. Most important is the fact that there is no blind actionism
but the will to coordinate the efforts with the other actors.

For Germany BMZ has made available additional resources of approximate € 77 mil-
lion for coping with the food price rises. In addition a number of extremely needy
countries have been identified with an emphasis on subsaharan Africa. Those coun-
tries are to served first

This situation poses a number of challenges for the work of GTZ. The presentation
will show how GTZ is dealing with these challenges give examples of concrete con-
crete.

Keywords. Climate change, economic policy, food security, investment in agricul-
ture, poverty alleviation, rising food prices, social policy, water for food
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Sustainable Production of Bioenergy: A Road for Market and
Smallholder Oriented Rural Development for Poverty Alleviation

MANFRED VAN ECKERT
Deutsche Gesellschaft fir Technische Zusammenarbeit (GTZ), Division Agriculture, Fish-
eries and Food, Germany

The demand for energy from biomass (bioenergy) and liquid biofuels is increasing all
over the world. Drivers for bioenergy are the uncertainty of future domestic energy
supply, the increasing demand for energy worldwide with sharply increased energy
and oil prices as well as the need for reducing GHG (green house gas) emissions in
order to achieve the targets defined in the global climate change policies.

Bioenergy is seen as an opportunity for enhanced market and smallholder oriented ru-
ral development in many developing countries where comparative advantages of bio
energy production exist. Private investors and companies are increasingly acquiring
land and prepare for large investments in industrialised monoculture oriented systems
for bioenergy production in the rural areas of many developing countries. However,
a comprehensive set of sustainability criteria needs to be fulfiled for the expansion of
bioenergy in order to ensure its ecological effectiveness as well as to prevent ecologi-
cal damages and to ensure that social standards and the right to food are maintained.
These sustainability standards will become the requirement for access to the european
markets and are supportive for fostering smallholder oriented bio energy value chain
development.

This contribution will it will present results of an assessment of bioenergy potentials
and the possible impact of a national bioenergy policy for bioenergy.

Furthermore it will outline the key elements of out grower concepts for smallholder
focused bioenergy production systems for palm oil and sugar cane production and will
briefly describe the costs and benefits for decentralised electrical grid and biofuels
production systems based on the jatropha shrub (Jatropha curcas) and kapok tree
(Ceiba pentandra).

Keywords. Bioenergy, bioenergy strategies, economic policy, impact of national
bioenergy policies and targets , investment in agriculture, jatropha, kapok, poverty
alleviation, rural economic development
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Adaptation of African Agricultureto Climate Change- BMZ-
Research Priority has Started!

KERSTIN SILVESTRE GARCIA
Deutsche Gesellschaft fiir Technische Zusammenarbeit (GTZ), BEAF-Advisory Service
on Agriculture Research for Development, Germany

Particularly Africa is affected by climate change. Extreme weather events such as droughts and
floods are already occurring more frequently and with greater severity than in the past. The
consequences are lower — or even total loss of — crops and livestocks. Enhancing the capacity
of the most vulnerable poor to adapt to climate change is going to be one of the main issues
technical development cooperation is facing in the near future.

However, the changes differ locally and depend on natural conditions such as species and va-
riety of crops and cropping systems, but also on political and socio-cultural factors. A precise
understanding of these factors as well as their local and regional impact is essential to manage
against climate change.

To develop measures of adaptation to climate change, the Federal Ministry for Economic Co-
operation and Development (BMZ) assigned the Advisory Service on Agricultural Research
for Development (BEAF) with the design of the research priority area “Adaptation of African
Agriculture to Climate Change”. In summer 2007 the call for proposals led to the submis-
sion of 18 project suggestions. Eight of these were selected after close examination and expert
appraisal:

Five international agricultural research institutes (CIP, ICRISAT, IFPRI, ILRI, IWMI), two Ger-
man universities (Gottingen, Hohenheim) and one of the Leibniz centres (ZALF) have received
research funding totalling € 9 million for the programme, which is scheduled to run for three
years.

The research priority is designed interdisciplinary and multi-institutional. There is a manifold
network between the participating institutes and universities. Professional tasks range from
climatology over classical agricultural disciplines — cropping systems, plant breeding, grazing
management and agroforestry — to water management and policy research. Regional focuses
are the Sahel belt countries in West Africa as well as Eastern Africa.

One of the main issues of the research priority is to involve local stakeholders to enhance their
capacity as well as to feed their knowledge into the research approach. At least 3 either non-
governmental organisations, farmer associations or National Agricultural Research Centers are
participating in each project to assure an appropriate connection to the persons concerned.

Keywords: Africa, agriculture, agroforestry, climate change, climatology, cropping system,
famer association, food policy, grazing management, national agricultural research centre, non-
governmental organisation, plant breeding, research, water management
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Potential of Global Halal Food Market for SME’s from Developed
Countries

IRFAN SUNGKAR, PAZIM FADZIM OTHMAN

University of Malaya, Department of Development Studies, Faculty of Economics and
Administration, Malaysia

The lucrative size of the global Halal food market which estimated to worth US$ 580
Billion has attract interest for food manufacturers not only in these countries but also
for multinational food companies such as Nestle, McDonalds, Emborg etc. How-
ever, based on the interview conducted between January 2007 and February 2008, to
confirm with the Halal food requirements in difference importing country can be a
daunting task as the interpretation of ‘Halal’ and the general regulations and import
procedures on the Halal food appears to be varied across the countries, although they
are all Islamic countries. However, in reality the difference is only reflected in only
few aspects such as stunning, where majority of the existing regulations in importing
countries have the same requirements.

This research will analyse why adhering to these sets of agreed requirements in Halal
food is enough and it can even led to a major success in penetrating many export
markets, such as in the Middle-Eastern countries, Southeast Asian countries and other
Muslim-majority countries. Halal food market offers lucrative potentials not only
for multinational companies, but also to SME’s which have interest in tapping these
market.

As almost all of these importing countries which required Halal standard is a net
importer of food products, and the market is very adventurous in adapting and re-
ceiving new types of food products, then this enormous potential is simply cannot be
resisted by SME’s in the developed countries. This paper will argue that conforming
to Halal regulation is not about religious issue but rather it is about market access and
commercial opportunity. Interview with several major food companies which already
attain considerable success in penetrating Halal food market is conducted to know
their experiences in penetrating this Halal food market.

The result of this research is important to provide correct information that Halal food
market offers high potentials, only when the exporters, especially SME’s view this
market and its resulting requirement within the context of market access where the
products must be high quality and confirm with world-class safety standards.

Keywords. Fragmentation, halal food, import requirements, market potentials, mar-
ket research
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Upgrading: A Path Towards Integration in Value Chains?
Evidence from Small and Medium-Sized Producersin Honduras

INGRID FROMM!, NAPOLEON MOLINAZ
LUniversity of Leipzig, Small Enterprise Promotion and Training Program, Germany
2Humboldt Universitat zu Berlin, Institute of Agricultural Economics and Social Sci-
ences, Germany

Analyses of upgrading from a value chain perspective pay particular attention to the
ways in which value chain linkages facilitate or obstruct upgrading. Upgrading can be
a precondition to get integrated in a value chain or a requirement to secure a position
within the chain. Empirical research in a number of developing countries demon-
strates that small and medium-sized producers in developing countries can learn and
upgrade through the interaction with lead firms in the value chain even though local
institutions have facilitated this process in several ways. Through small and medium-
sized producers, there is the potential to link the poor to growth opportunities and re-
duce poverty. These local producers, in their interaction with local processors or ex-
porters and international retailers have the possibility to acquire new skills and knowl-
edge depending on the structure and dynamics of the value chain in which they oper-
ate. Focusing on this kind of interactions, the study explains how small and medium-
sized producers in Honduras engage in upgrading and whether this had an impact on
their profit. For the purpose of this study, three different agricultural value chains were
analyzed. These chains were the traditional primary commodity chain (coffee), the
plantation product chain (palm oil) and fresh produce chain (horticultural). The results
indicate that the majority of the producers in the sample upgraded their products and
internal processes. Producers in a high-trust relationship with their buyers were more
likely to upgrade. A limited number of producers engaged in functional upgrading.
Most of the producers were aware of the important role of standards. They affirmed
that in the process of implementing and complying with standards, they have gained
new knowledge and were convinced that they succeeded in securing a better posi-
tion in the value chain. The results indicate that the form of coordination affects the
upgrading opportunities of producers and their implementation and compliance with
standards. In the coffee chain, coordination is loose and indirect; therefore upgrading
was more difficult for producers to achieve. Horticultural and palm oil producers had
more incentives to upgrade mainly because of the higher-trust relationship they were
embedded in.

Keywords. Coordination, standards, trust, upgrading, value chain
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Contract Farming in Tobacco Production: Opportunity for Small-
Holders? Comparitive Study from North Sumatra

EvA SvoBoDOVAL, VLADIMIR VERNERL, MAGDALENA Divisoval, DavID
HERAK?, JINDRICH KARANSKY?
1Czech University of Life Sciences, Institute of Tropics and Subtropics, Czech
2Czech University of Life Sciences Prague, Dept. of Mechanical Engineering, Czech
Republic
3Czech University of Life Sciences Prague, Dept. of Technological Equipment and Build-
ings, Czech Republic

The paper presents results of the research focused on impact of tobacco cultivation, processing
and selling on socio-economic situation of small-holders in three districts in central mountain-
ous part of the North Sumatra province: Karo, Tapanuli Utara and Tapanuli Tengah. Tobacco
cultivation has a long tradition in lowlands but in some mountainous areas small-holders re-
cently uncover the tobacco ability to generate a regular negligible income. Farming system is
there subsistence-oriented and highly specialised on crop production. Poor infrastructure and
less developed mechanisation make these small-holders dependent on their own or local market
products. Tobacco production became very popular among those farmers due to increasing de-
mand by both local people (population growth, high unemployment rate etc.) and international
trading companies. Research was carried-out during May and June 2006. Two different ways
of production chain, which have been developed in the region, were investigated. The first one
is naturally realised by the farmers: collection from the field, processing at the common place
and transport to the market. The second one is based on the world-wide-spreading endear-
ment of contract-farming even without properly developed infrastructure, market and social
structure but with existing just one company setting the prices. Using PRA’s methods, semi-
structured questionnaires with tobacco growers and secondary data analysis from different sta-
tistical sources, relevant information were collected on total tobacco production, processing,
purchasing price and credit and inputs access were supplemented by the area observation. Re-
sults show that despite of very similar social background (education, family status etc.) farmers
under contract farming (Tapanuli districts) have faced more serious socio-economic oriented
problems (fluctuation of cash-inflows, poor input supply, urgency of off-farm activities), fur-
ther, the way of tobacco processing is inadequate and purchasing prices are considerably lower
(US$ 0.75-1.60 per kg) as compared with Karo district (US$ 4.10 per kg). This could be ex-
plained especially because of the farmers’ remoteness from each other and from the market,
lower farmers’ negotiating power in the time of signing the contract and less developed social
capital in those districts what has a negative impact on higher income generation and inputs

supply.

Keywords: Contract farming, North Sumatra, smallholders, tobacco, traditional market chain
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Contract Farming as a Feasible Tool for Agri-Food Chain
Development in Pineapple Production: Case Study of North
Tapanuli

Lucie NeJEDLAL, VLADIMIR VERNER!, PETRA HoLIKkOVAL, JINDRICH
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Republic

2Czech University of Life Sciences Prague, Dept. of Technological Equipment and Build-
ings, Czech Republic

3Czech University of Life Sciences Prague, Dept. of Mechanical Engineering, Czech
Republic

“4University Sisingamangaraja XI1 North Tapanuli, Indonesia

The research was carried-out in North Tapanuli regency, North Sumatra province during the
May and June 2006. Majority of local population is extremely poor, living in rural areas, and
practicing traditional agriculture techniques. Their poor living conditions have not been caused
by low level of social development only, but also due to insufficient information on market
opportunities, as the development process is now spreading into all parts of Indonesia. Thus,
survey was aimed at monitoring of fruit production and trade, and ascertaining the overall liv-
ing conditions of local farmers. Only areas of pineapple production were examined, as initial
monitoring showed that in higher amount only this crop is cultivated. Data were gathered
through observation, interviews, and questionnaires with farmers, traders, and representatives
of local pineapple manufacturing company. Pineapple is cultivated only in five out of 15 sub-
districts (Sipahutar, with 75 % of the production, Pangaribuan, Siborong-borong, Tarutung, and
Garoga). Pineapples are sold directly on the field to traders and passed on within a network
of traders until they reach local market or local export-oriented manufacturing company. Con-
tract-farming is used as a method to obtain the production from farmers. Agreements are also
set between a small number of traders and processing company. Economically weak farmers
(average farm-size for growing pineapple is less than 1 hectare) are responsible only to grow
the crop, and have stable incomes due to assured pineapple sales, while their transaction costs
are reduce to minimum. Hence, they are more opened to adoption of more risky, high-value-
crops such as pineapple, even under the situation the purchasing-prices are lower (700-1,000
IDR) in comparing to the local-market price (1,500 IDR). The research in this upland region
proved that it is possible to create a functioning agribusiness activity, based on local production
and labour force, with working supply chain also under local specific social, economical, and
natural conditions. Such a process of emergence of small scale industries is optimal for sound
economic development tendencies of rural areas, while the strong, but sensible support of local
authorities is evident.

Keywords. Agri-food systems, contract farming, Indonesia, North Tapanuli, pineapple pro-
duction, rural areas

Contact Address: Vladimir Verner, Czech University of Life Sciences Prague, Institute of Tropics and
Subtropics, Nachod, Czech Republic, e-mail: vernerv@its.czu.cz

56



High-value supply chains and contract farming — Posters

Upgrading Opportunities for Small-Scale Farmersin Selected
Coffee Value Chainsin Nicaragua

ANNA KIEMEN!, TINA BEUCHELT2, THOMAS OBERTHUR?, KARIN
HoLM-MULLER!, MANFRED ZELLER?

LUniversity of Bonn, Food and Resource Economics, Germany

2University of Hohenheim, Institute for Agricultural Economics and Social Sciences in
the Tropics and Subtropics, Germany

3Ecoagriculture Partners, Markets Division, Colombia

Coffee prices have fluctuating greatly over the past few decades. There have also been in-
creasing differences between production and consumption with respect to prices, valuation of
qualities, and product definition. Although certification schemes and standards have been ap-
plied widely, research is needed to identify income shares of small-scale farmers from certified
and quality coffees and in terms of final retail prices. Although substantial symbolic rents can
be obtained by marketing differentiated coffees, premiums are mainly captured in final stages
of the value chain and thus do not benefit the producers.

This distribution of benefits can be related to governance structures in the coffee market which
Is characterised by buyer-driven chains giving more negotiation power to buyers in consuming
countries.

Nicaragua has a high potential to participate in high value coffee markets because of its ge-
ographic and climatic conditions. Since its successful participation in the Cup of Excellence
competition over the past few years, roasters increasingly appreciate Nicaraguan coffees as
potential specialty coffees.

This research investigated the possibilities for small-scale coffee producers to enhance their
position in high value coffee chains in the central and northern Nicaragua. It analyses the need
for transparency and appropriate chain management to improve small-scale farmers’ integration
in value chain upgrading activities. Qualitative interviews have been conducted with actors
internal and external to the chain.

Analysis showed that communication among different chain levels is limited by organisational
factors that result in asymmetric information. Certification and processing activities such as
cupping and labelling provide information on the product from the producers to buyers and
consumers. Producers, however, lack information on market conditions, prices, quality premi-
ums, and demand. This lack of information limits the ability of small-scale coffee farmers to
successfully participate in value added activities and decreases their incentives to participate in
certification and quality promotion programs. Enhanced knowledge transfer among chain ac-
tors could increase farmers’ understandings of high quality coffee markets; and would provide
them information on coffee attributes sought by consumers. The efforts of farmers to produce
high quality products should then be rewarded by adequate prices, which until now is not the
case.

Keywords: Coffee, governance, small-scale farming, transparency, upgrading, value chain
analysis
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Geographical Indicationsin Brazil: Possibilitiesfor Small
Farmersin the APA of Ibirapuita

VICENTE C PIRES SILVEIRAL, IVENS CRISTIAN SILVA VARGAS!, ADRIANA
FERREIRA DA COSTA VARGAS?

1Federal University of Santa Maria, Agricultural Education and Rural Extension, Brazil
2Maronna Foundation, Farm Management, Brazil

Agribusiness is an important sector to contribute the Brazilian trade surplus. The
European Union and the United States are among the main destinations of agrofood
products, taking part in 29.5% and 13.7 % out of the exportations, respectively. The
consumers, especially the Europeans, have presented themselves more demanding in
what concerns farming products for human consumption, due to the nature of these
products and the frequent food crisis. Thus, market segmentation based on informa-
tion about the origin of the product and production process for differentiation and
price attribution has become important, due to the fact that farming systems which
are scale-based and linked to the production of commodities have become weakened
beyond such markets. In this context, an alternative for development for certain re-
gions is to consider regional/local specificities as factors that determine their identity,
based on the concept of geographical indications. This scenario presents an opportu-
nity for the small farmers located in the APA of Ibirapuitd. Historically, the region
is linked to animal production, due to the fact that the natural pastures there found
provide a good support for this activity, which has marked the tradition, history and
culture of the Galdcho. The natural environment, therefore, characterises certain in-
trinsically specific attributes for the products that are originated from it, being that
an important aspect in Geographical Indications. Thus, the geographical origin sys-
tem is an alternative of development through the territorial perspective. This approach
allows the origin of a product and/or its production processes to be valued, and to con-
vert them into a differentiation and value aggregation factor, besides guaranteeing the
products identified according to pre-established parameters in what refers mainly to
environmental, social and sanitary issues, as an alternative to the new barriers present
in today’s economical negotiations.

Keywords. Conservation areas, geographical indication, geographical origin, pro-
tected area, protected designations of origin
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“Our Money Fallsfrom the Tree”: A Value Chain Approach for
Cashew Helps Farmersin Northern Benin Improvetheir Income

HORST OEBEL, GEOFFROY GANTOLI
Gesellschaft fur Technische Zusammenarbeit (GTZ), Conservation and Management of
Natural Resources (ProCGRN), Benin

In northern Benin, cashew production is characterised by a large number of small-
scale farmers with 0.5 to 2 hectares of cultivation area with diversified cropping sys-
tems. Cashew production is growing constantly in the last 15 years and raw cashew
nuts are after cotton the second largest agricultural product for exportation. The
cashew value chain is among the priorities of the national diversification policy since
2004. Main problems of the cashew sector in Benin are a low productivity per tree (1
to 2 kg per tree) due to a poor farm-level technical knowledge, a weak research sup-
port and limited access to extension services and other inputs. Processing of the raw
nuts is still stagnating; only 3 % of the production is processed in Benin, the majority
of raw cashew nuts are exported to India.

For the cooperation programme Conservation and management of natural resources
(ProCGRN) cashew is one of the selected value chains with the objective to provide
the rural population of the Atacora/Donga region in northern Benin a better benefit
from sustainable cultivation of natural resources. Using a value chain approach (Val-
ueLinks) on the national and regional level allowed to public and private actors in
the cashew sector a participatory analysis of problems and opportunities in cashew
production, processing and marketing. The programme helps farmers to increase the
quality and quantity of their primary production using approved good agricultural
practices. Producer groups on local and regional level are targeted to improve busi-
ness linkages. Processing of cashew for the local demand and exportation is one of
the opportunities especially for women to provide employment possibilities and added
value in the value chain.

Keywords. Benin, cashew, primary production, processing, value chain approach
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Adoption of Certification: A Case Study of Mangoes and Grapes
in Brazil
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Concerns about food safety and standards in the developed countries, particularly in
Europe and the United States have made certification inevitable for worldwide fruit
producers who target such export markets. Of particular concern is the potential im-
pact of food safety standards on the ability of developing countries to both gain and
maintain access to markets from high-value agricultural and food products, especially
in industrialised countries. In part this reflects the growth of these standards, but
also a more widespread recognition of the degree and manner in which trade flows
can be affected. For the fruit industry in Brazil, certification has important conse-
guences, as it ensures access to export markets. Using primary data obtained from
interviews with 303 small, medium and large mango and grape producers in the re-
gions of Juazeiro/BA and Petrolina/PE in Brazil, this paper aims at assessing the de-
terminants of demand for certification among mango and grape producers. Empirical
analysis using a logit model shows that grapes farmers have higher a probability to
certify than mango growers. The farmer’s education level and years of experience pro-
ducing fruits are the major positive determinants for certification. The factors which
decrease the probability of having certification are size of the farm, non-agricultural
income, awareness and trust type of arrangement. The analyses were complemented
with descriptive statistics, which have revealed, on the one hand, that there are signif-
icant differences between certified and non-certified farmers with respect to variables
as characteristics of the farms [area irrigated, productivity, net income for both man-
goes and grapes, type of irrigation system, among others]. On the other hand impor-
tant variables such as level of education and information obtained from organisations
differ depending on whether the producers have acquired certification or not. While
non-certified farmers have acquired information on certification mainly through their
social network, certified farmers have been informed through associations or cooper-
atives.

Keywords:. Certification, fruits, logit model

Contact Address: Andréa Cristina Doérr, University of Bonn, Center for Development Research (ZEF),
Department of Economic and Technical Change, Walter-Flex-Strasse 3 Zef B, 53113 Bonn, Germany,
e-mail: andreadoerr@yahoo.com.br

60



High-value supply chains and contract farming — Posters

Assessment of Different Value-Chain Upgrading Strategies for
Litchi Farmersin Northern Upland Partsin Thailand

ToBIAS BOEER, CHRISTIN SCHIPMANN
Georg-August-Universitat Gottingen, International Food Economics and Rural Devel-
opment, Germany

Litchi cultivation is one of the most important income sources for small-scale farm-
ers in the northern upland regions of Thailand. However, increasing productivity and
trade liberalisation have lead to a considerable decline of farm-gate prices that threat-
ens the profitability of litchi cultivation. Neglect of the orchards, or cutting down litchi
trees in the worse cases, are the ultimate effects. This change in litchi cultivation en-
dangers sustainable land use and accelerates soil erosion. To avert such developments,
supportive measures to find upgrading possibilities within the value chain of litchis
that put the upland farmers in a more strategically advantaged position are required.
Different upgrading strategies in comparison to the present situation of upland farm-
ers are the focus of an ongoing field research in Chiang Mai province in northern
Thailand. The overall objective is the assessment of different upgrading strategies to
give recommendations about the most suitable alternative for upland farmers; mean-
ing solutions that align high benefits with sustainable land use.

One upgrading strategy within the value chain is the production of higher quality litchi
that can be sold to special “niche” markets rather than ordinary wholesale markets.
Another strategy is upgrading production through the adoption of further activities in
the value chain, in particular the case of litchi drying. Necessary equipment for the
drying is foremost a drying oven, fuelled by either gas or wood. The intention of
litchi drying directly by the farmers is a decoupling of the volatile fresh market and a
takeover of an activity that offers additional benefits. It is believed both strategies can
increase and sustain net-profits of upland farmers.

To assess these strategies, different value chains for fresh as well as dried litchis were
analysed, including value chains with a focus either on exports or local markets. The
analysis followed the value-chain-analysis approach where special attention is paid
to organisational structures and contract type. The economic evaluation of different
upgrading strategies was done by a cost-benefit analysis, with a special focus on in-
vestment and processing costs. Based on a strength- and weakness analysis of the
present situation of upland farmers, adoption possibilities are critical discussed.

Keywords. Cost benefit analysis, litchi production, litchi drying, litchi oven, small-
farmer-contracts, upgrading strategy, upland farmer, value chain analysis
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Chain of Traditional African Vegetablesin Kenya and Tanzania
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Traditional or indigenous vegetables with short growing periods and low input requirements
have proven to be fast income-earners for small-scale African farmers. Raising vegetables like
amaranth (Amaranthus spp.), nightshade (Solanum scabrum), cowpea (Vigna unguiculata) and
spider plant (Cleome gynandra) generates additional household income and diversifies capi-
tal sources. These highly nutritious species also contribute much-needed micronutrients and
vitamins to farm family diets.

The few studies on the economic value of traditional vegetables that are available indicate the
market potential for these vegetables is very large. A former project showed substantial eco-
nomic impact, especially in Kenya: Five hundred farmers in business support groups and 3000
additional farmers accessed and adopted traditional vegetable species. Through promotional
activities led by the project, sales of traditional vegetables in Nairobi and peri-urban markets
rose from less than 31 tonnes per month in 2003 to more than 600 tonnes per month in 2006, a
1900 % increase.

However, there is still a need to increase the production of traditional vegetables. Market studies
indicate only 60 % of current demand in Nairobi and environs is being met. In areas such as
coastal and western Kenya and Arumeru, northern Tanzania where traditional vegetables have
long been a part of local diets, the market is even larger.

This ongoing study obtains its prior success by focusing on the links between farmers and
traders. In different socio-economic and cultural settings in Kenya and Tanzania, research is
being conducted to learn how farmers who produce traditional vegetables are organised, and to
discover to what extent they are linked to local traders.

In general, farmers lack collective access to markets and business development services. A
lack of confidence between farmers and traders has led to high transaction costs and posthar-
vest losses for producers and traders. If trust between farmers and traders increases, working
relationships do develop over time; in many cases, farmers give their produce to traders and
receive payment after the sales are made.

This project aims to document the costs and benefits of achieving collective market access, and
to change beliefs and behaviours concerning the purchase of nutrient-rich traditional vegeta-
bles.

Keywords: Kenya, market, Tanzania, traders
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Effect of Contract Farming on Smallholdersin Northwestern
Viet Nam: The Case of Tea Production

YOSHIKO SAIGENJI, MANFRED ZELLER

University of Hohenheim, Institute of Agricultural Economics and Social Sciences in the
Tropics and Subtropics, Germany

This study examines the effect of tea production on living standard of smallholders in
northwestern Viet Nam. It is applied empirical analyses which focus on tea farming
in northwestern Viet Nam and provide some of the most detailed information avail-
able on growers’ returns and costs of tea production, and their livelihood. Here the
tea production under different contractual schemes is considered as a tool for rural
development and evaluated as a part of the whole livelihood and farming system.
The first objective of this study is to analyse the efficiency and comparative advan-
tage of tea production under different contractual schemes of smallholders with state-
owned, cooperative or private, and joint-venture tea processing companies. For this
purpose the descriptive analyses have been conducted in order to generate a clear
picture of the different marketing channels and contractual arrangements existing in
the research area. In the course of the analysis several determinants of participation
among different contracts could be identified. In addition, the efficiency analysis of
existing different marketing channel has been evaluated in terms of production costs
which competitive price is taken into account.

The second objective of this research is to investigate the importance of income from
tea production by smallholder farmers to overall income and livelihoods. For this pur-
pose the relative poverty status of the households has been estimated by aggregating
living standard data using the verified approach. These results were then applied to
compare the incidence of poverty among different contract groups. Moreover, the re-
lation between the incidence of poor in the different production schemes and the socio
economic characteristic of its participants is assessed in order to provide the informa-
tion about necessary and sufficient condition between living standards of growers and
participating specific marketing channel.

Keywords. Contract farming, efficiency analysis, relative poverty, tea production,
Viet Nam

Contact Address: Yoshiko Saigenji, University of Hohenheim, Institute of Agricultural Economics
and Social Sciences in the Tropics and Subtropics, 70593 Stuttgart, Germany, e-mail: saigenji@
uni-hohenheim.de

63






Agricultural markets, transaction costs and
rural finance

Posters 67

MELAKU GIRMA, AZAGE TEGEGNE, SHIFA BALLO, NEGATU
ALEMAYEHU:

Challenges and Opportunities for Market-Oriented Apicul-

ture Development: The Case of Ada’ A-Liben District, Ethiopia 67

GETACHEW WOLDIE, ERNST-AUGUST NUPPENAU:
Transaction Costsand BananaMarketing in Southern Ethiopia:
Implication for Enhancing Farm Income 68

FLORENCE MARIE MILAN, MANFRED ZELLER:
Social Performance M easurement of Rural Microfinance In-

stitutions: Theory and Empirical M easurement 69
ROSAURA GAZzZzOLA, ALCIDO ELENOR WANDER, JUSSARA
GAZZOLA:

Cashew Nut Almonds: Nutritional and Market Aspects 70

ALCIDO ELENOR WANDER, ROSAURA GAzzoOLA, CARLOS
HENRIQUE MOTTA COELHO, JUSSARA GAZZOLA, GERALDO

DA SILVA E SOUZA:

Brazil Nut Almonds: Nutritional and Market Aspects 71

ANDREW JULIUS BENDE, WAISWA WILSON MWANJA:

Assessing the Relevance of Marketing Skills in Community
Development and Household Progress in Rural Poor Com-
munities. A Case Study of Kasolwe and Ndolwa in Kamuli

District, Eastern Uganda 72
BEATRICE EKESA, MARY WALINGO, MARY ABUKUSTA
ONYANGO:

I nfluence of Perceptionsand Marketing Practiceson the Con-
sumption of Traditional Food Cropsamong Rural Households
in Western Kenya 73

MAGDALENA DIVISOVA, KAREL SRNEC, EVA SVOBODOVA:
Deter mination of the Potential of Micro-Financial Servicesin
the Rural Community Kuito, Bié Province (Angola) 74

65



Economics

JUANDA JUANDA, STEFAN SCHWARZE, STEPHAN VON CRAMON-
TAUBADEL:

The Access of Microenterprises to Commercial Microcredit

in Aceh Besar: Closing the Gaps 75

THI Al VAN LE, ALWIN KEIL, CAMILLE SAINT-MACARY,
MANFRED ZELLER, DINH THI TUYET VAN:

Policy Changes for a Better Access to Credit for the Rural

Poor in Viet Nam: From Theory to Practice 76

SIRAK BAHTA, SIEGFRIED BAUER:

M ar ket Participation of Small ScaleCrop Farmersunder Trans-
action Cost: Evidence from the Free State Province of South
Africa 77

AGNES POHLE:

Microfinance as a Way Out of Poverty: The Example of Self

Help Groups (SHGs) in a Remote Rural Region in the Indian
State of Orissa 78

ZAUR ALIYEV, NAIBA ALLAHVERDIYEVA, RALF SCHLAUDERER:
Lack of Liquidity and Financing Possibilitiesfor Agricultural
Family Farms in Azerbaijan: The Example of Mountain
Grazing Systemsin the Region of Gandja-Gasach 79

66



Agricultural markets, transaction costs and rural finance — Posters

Challenges and Opportunities for Market-Oriented Apiculture
Development: The Case of Ada’ A-Liben District, Ethiopia

MELAKU GIRMAL, AZAGE TEGEGNEZ, SHIFA BALLOY, NEGATU ALEMAYEHU?
1SAP-TEC, Beneficial Insects, Ethiopia
2International Livestock Research Institute (ILRI), Ethiopia

Beekeeping has been practised in Ethiopia for centuries and currently the country is
a leader in Africa in terms of volumes of honey and beeswax produced and traded.
Ethiopia produces between 24,600 and 43,000 tonnes of honey per year, and is also
one of the five biggest wax exporters with an average annual export estimated at 3,000
tonnes. In spite of the huge potential of the sector, production and productivity have
been low due to poor quality beehives, lack of good bee management system, low
quality of hive products and lack of skills by beekeepers. The objective of this study
was to characterise the current beekeeping system, identify the constraints and pro-
vide solutions through the introduction of improved and market-oriented beekeeping
practice using the value chain approach in Ada’a-Liben district as a case study site.
Systematic and step-wise approaches were employed to assess the production system
and implement the interventions. Interventions included improvements in production
system, market assessment and institutional linkages between producers and stake-
holders. The main activities were identification of pilot intervention sites, beekeepers
mobilisation and group formation, capacity building through visits and training and
constant demonstration and follow ups, as well as linking beekeepers to credit facil-
ities and markets. During the last two years of the study (2005-07), 60 beekeepers
received training, 4 beekeepers associations were formed in Yerer, Godino, Denkaka,
and Adulala rural Kebeles and received certificates. During this time about 40 tran-
sitional hives (Kenyan top-bar) and 80 wooden framed hives (Langstroth) were in-
troduced. In general, improvement in the management of apiary has been observed
and the quantity and quality of honey produced have improved. This paper provides
highlights of strengths and constraints of apiculture in Ethiopia and describes apicul-
ture development potential and interventions done to improve the existing produc-
tion system in Ada’a-Liben district. It presents the intervention strategies and the
lessons learned in knowledge sharing, capacity building, market linkage, and bee-
keepers group formation for better production technologies, input supply, and mar-
keting and credit facilitation. It also provides valuable information for scaling up of
the lessons to other areas with similar potential for apiculture development.
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Transaction Costs and Banana Marketing in Southern Ethiopia:
| mplication for Enhancing Farm Income

GETACHEW WOLDIE, ERNST-AUGUST NUPPENAU
Justus Liebig University, Institute of Agricultural Policy and Market Research, Germany

A shift from traditional crop production to high value crops is considered as an im-
portant and alternative option in increasing smallholders’ income and boosting ru-
ral development. Since high value agricultural products have higher market values
than traditional ones such a shift is a recommended strategy in achieving develop-
ment objectives. Smallholders in the southern Ethiopia region produce about half of
the national fruit production. The production of fruits by small holders in the ma-
jor producing areas is predominantly traditional. Market and institutional problems
like high transaction costs, poor roads, and information asymmetry and market im-
perfections are detrimental for smallholders’ market integration. High transaction
costs, particularly, are major obstacles for smallholder market integration. Transac-
tion costs in the form of information and search, bargaining and negotiation, as well
as monitoring and enforcement costs are likely to influence smallholders™ marketing
behaviour. This study hypothesises that the level of income generated from banana
sales in the Chamo-Abaya irrigated banana livelihood zone in southern Ethiopia is in-
fluenced by transaction costs. Regression analysis shows that the depth of marketing
Is significantly influenced by transaction costs. Transaction costs are mainly related to
ownership of means of transport, access to communication, and access to main road.
Membership in a cooperative, as a major institutional factor, also influences the depth
of marketing. Results from a block-recursive regression analysis show that the level
of income generated from selling banana is determined by the depth of marketing,
the size of allocated land for banana and investment on farm inputs. The implication
of the finding is that households with lower transaction costs, sizeable allocated land
and adequate investment on farm inputs are expected to generate higher income from
banana. Hence, investment in public goods such as roads, telecommunications and
appropriate institutions, as well as farmer support services in terms of input supply
and marketing information, may enhance farm income by and in turn improve the
livelihood of the rural poor.

Keywords. Market integration, banana, Ethiopia, farm income, marketing, transac-
tion costs
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Social Performance M easurement of Rural Microfinance
Institutions: Theory and Empirical M easurement

FLORENCE MARIE MILAN, MANFRED ZELLER
University of Hohenheim, Institute of Agricultural Economics and Social Sciences in the
Tropics and Subtropics, Germany

The rural microfinance industry has made great progress in financial performance
measurement and evaluation in the past years. Now, there is increasing interest in
developing a social performance measurement tool with common set of key indicators
to go hand in hand with the financial performance indicators. The industry is moving
from a predominant emphasis on financial sustainability to a renewed concern with
social performance and the “double bottom line’.

The paper works on the premise that it is necessary to judge the performance of rural
microfinance institutions (MFIs) in both social as well as financial terms. It attempts
to create a framework for social performance measurement compatible with existing
audit and management information system of a MFI by which management, donors
and investors can assess the double bottom line approach of the institution.

The paper undertakes three stages: (1) existing literature is reviewed to examine the
theory and concept of social performance; (2) selected ongoing social performance
measurement initiatives is evaluated in terms of applicability across the industry, a
MFI’s capacity, and stakeholders interest; and (3) empirical data from AMK (Angkor
Microfinance) in Cambodia is analysed to draw on a practical measurement system
for social performance.

Among others, measurement of social performance will: (1) help rural MFIs assess
whether their products are adapted to client’s needs and whether the institution is
contributing to increase the social situation of its clients; (2) encourage organisations
to be more mindful of accomplishing their stated social mission and objectives es-
pecially now that more and more MFIs are transforming into banks; (3) allow rural
MFIs to demonstrate social performance and transparency leading to donors and in-
vestors reallocation of funds towards socially-oriented MFIs; and (4) assist donors
and investors of microfinance in making decisions about which institutions still need
subsidies.

Keywords. Microfinance, social performance measurement

Contact Address: Florence Marie Milan, University of Hohenheim, Institute of Agricultural Economics
and Social Sciences in the Tropics and Subtropics, SchloRB, Ostfliigel (490a), 70593 Stuttgart, Germany,
e-mail: fmpmilan@aol.com

69



Economics

Cashew Nut Almonds. Nutritional and Market Aspects
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Having the Brazilian Northeast as its origin, cashew trees (Annacardium occiden-
tale L.) are being grown in tropical areas of Asia, Africa and America since several
decades, for different purposes, considering its flower, fruit, timber and peel. From
its fruits, the cashew nut almond is being largely used in human nutrition due to
its favourable composition. This study presents information related to the compo-
sition in different fatty acids of cashew nuts almonds, and the human daily intake
needs of those components and the contribution of cashew nuts almonds in its supply,
as well as an analysis of its production and world exports during the last 20 years.
The statistical analysis evidenced a disadvantage of Brazilian cashew nut almonds
in the world market. As third world exporter of cashew nuts almonds, Brazil had a
growth rate of 3.32% (4+0.85%) in its exports while its main competitors Viet Nam
and India, who were the first and second world exporter of cashew nut almonds, had
export growth rates of 6.47 % (+0.55 %) and 12.35% (+2.91 %), respectively. Con-
sidering the production amount, again Brazil is disadvantaged, with a growth rate of
cashew nut production of 2.99% (4+1.47 %), while Viet Nam’s and India’s growth
rate reached 12.25% (£1.33 %) and 3.98 % (£0.39 %), in the same order. In Brazil,
the commercialisation of cashew nuts (almonds and cashew nuts) is geographically
and numerically dispersed. Additionally, the dispersed production of cashew nuts,
the high concentration by middlemen and buyers at Brazilian processors and their
traditionalism in keeping this market structures, partly explain the high commerciali-
sation margins obtained by the actors. High commercialisation margins of middlemen
in cashew nut market limit profitabillity to farmers as well as the high commerciali-
sation margins at the cashew nut almonds level limit the profitabillity to cashew nut
Processors.
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Brazil Nut Almonds. Nutritional and Mar ket Aspects
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This paper presents information related to the composition of different fatty acids
from brazil nut almonds and the human daily intake needs, as well as an analysis
of its production, its growth rate during the last 20 years and its export. and the
human daily intake needs. Having the Amazon Biome as its origin, brazil nut trees
(Bertholletia excelsa H.B.K.) occur in several South American countries, like Brazil,
Venezuela, Colombia, Peru, Bolivia and Guyana. The brazil nut trees provide food
and timber. Its nuts contain 10 to 25 almonds each, which are used as food mainly
in the Amazon region, but are also appreciated around the globe. Its timber is of
high value for civil construction as well as for ship construction. The fruit of brazil
nut contains high amounts of calories and protein. Additionally, it contains selenium
that reduces free radicals, and many studies recommend it for cancer prevention. It
is highly consumed by local population in natura, toasted, or in flours, sweets and
ice creams. The shell of the brazil nut is very hard and its extraction requires high
amount of energy. This nut is of economic importance for most states of the Brazilian
Amazon, as 60% of the total production is exported in natura to Europe, Japan and the
United States. Domestic consumption is limited to 5% of production. The statistical
analysis evidenced a disadvantage of Brazil in the world market. As second world
exporter of brazil nut almonds, Brazil has a negative annual growth rate of its exports
(-6.01 %) while its main competitor Bolivia, who is the first world exporter of brazil
nut almonds, has an export growth rate of 8.72%. Considering production, again
Brazil is disadvantaged, with a negative annual growth rate of brazil nuts production
(-1.28 %), while Bolivia’s annual growth rate reaches 5.10 %.
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Assessing the Relevance of Marketing Skillsin Community
Development and Household Progressin Rural Poor
Communities:. A Case Study of Kasolwe and Ndolwa in Kamuli
District, Eastern Uganda
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As Uganda adapts to the globalisation and market economy there is danger that the
smallholder rural farmers without adequate marketing skills and strategies may be
economically suffocated failing their prospects of breaking out of poverty. This study
reports on interventions made to enhance the orientation of rural poor farmers to a
market economy. Like many rural smallholder farmers in Uganda, the rural fish farm-
ers and fishing communities studied face two major problems that hinder their full
orientation to a market economy: remoteness in technology and distance from major
and bigger fish markets; and the low marketing knowledge and skills, a combination
that leads to relatively higher postharvest losses. Assessment was made to establish
the level of marketing knowledge and skills, and marketing experience of those in-
volved in fish trading. A strategy was also designed to enhance marketing skills and
bring the markets nearly to the communities. A survey of 88 fish producers and mar-
keting stakeholders in Kasolwe and Ndolwa communities of Kamuli district, Eastern
Uganda depicts that of the 14 local fish markets within 45km radius only two fish
markets (Balawori and Kamuli) attract major buyers. The other 12 markets have in-
sufficient demand to uptake the produced fish. 83 % of the stakeholders interviewed
had never received training or sensitisation on marketing skills and appropriate mar-
keting behaviour. 17 % only employed their retail shops experience to trade fish. In
bid to improve marketability of the produced fish a committee was set up at each of the
two sites to develop appropriate market strategies for their produce, organise means
by which to access bigger markets and attract better buyers. As a result outsider buy-
ers were enticed into venturing into these two communities in search of fish. There
was also an increase in household fish production with new demand. This study con-
firms that with targeted practical knowledge and skills rural farmers can be brought
into the market economy, and availing marketing skills for the rural smallholder pro-
ducer communities can work to improve attitudes and creativity in accessing market
and trigger higher productivity with multiplicity of community benefits that lead to
community and household progress.

Keywords. Community development, household progress, fisheries, market econ-
omy, rural communities
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Africa is the home of more than 2,000 grains, vegetables, roots, fruits and other foods
that potentially could feed the continent and even other parts of the world. Numerous
traditional food items that are well adapted to local conditions, genetically viable,
cheaper to rear and highly nutritious, are overlooked, under-developed and are not
being fully exploited in the fight against hunger. Instead they are being abandoned,
lost forever and associated with backwardness or poverty. The lack of promotion of
such food items and the rapid erosion of indigenous knowledge have also negatively
influenced their use for economic purposes thus limiting their market availability.

An across-sectional survey was executed with the main objective of finding out the
influence of perceptions and marketing practices on the utilisation of traditional foods
by rural households in Matungu division, western Kenya. Correlation coefficient was
used to find out the relationship between these items. Fisher’s formula was used to
come up with a sample of 120 households. Five sub-locations; Nang’eni, Munami,
Lung’anyiro, Namamari, and Koyonzo were purposively drawn from the division.
Three villages were sampled randomly from each of the sub-locations. Systematic
random sampling was used to select 8 households from each village. Observation
checklists and structured questionnaires were used to collect data.

The results showed that 23 % of the households did not like traditional foods and
38 % of the households had not come across any advertisement or message promoting
traditional foods. It was also found that the variety of traditional foods utilised by
households and available at local markets was low. Analysis showed that 31 % of the
changes in utilisation of traditional foods were influenced by changes in perceptions
while 56 % of changes in consumption of traditional foods were influenced by changes
in the foods availed at the local markets.

The study recommends educating the local community on the value of traditional
foods and their sustainable utilisation. It also recommends facilitating the communi-
ties to produce and practice proper marketing strategies of traditional foods.
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Rural Community Kuito, Bié Province (Angola)
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Republic

Microfinance was recognised as an effective poverty alleviation tool in many regions
of the developing world. This study evaluates the potential of micro-financial service,
their providers and demand for these specific financial products in the Bié province
(namely community Kuito), an area of Angola that was mostly affected byt he civil
war. The survey was held under the patronage of the development project “Centre of
Agricultural Education in Bié Province” (Angola) from the Institute of Tropics and
Subtropics of the Czech University of Life Sciences Prague. In this physically and so-
cially damaged area, several development organisations (Oxfam, Care, Concern, etc.)
intervene in order to improve living conditions and empower women as well as to
integrate the work of veterans. The primary data collection was carried out by co-op-
eration with these organisations by interviews and questionnaires handed out among
their co-workers and among selected households of community Kuito. The results
clearly show evidence of strong need for stable input market, technical support, and
consultancy for local farmers/entrepreneurs. From this point of view is not the short
money supply the only constraining factor of rural development. It also analyses the
current status of organisations working in target area, their ability to provide these
requested financial services and discusses their influence on the product or money
market formation which is the prerequisite for stable income generation. Recommen-
dation derived from the study suggests that it would be highly advisable to intensify
the co-operation among organisations working in target area, local authorities’ repre-
sentatives and organisations providing foreign developing projects. Based on primary
data, personal observing and qualitative interviews, this study evaluates the commu-
nity Kuito as well as the Bié province has still not overcome problems caused by war
and does not use its potential on such level which would attach the steady income
generation throughout the year for all groups of local population.

Keywords: Angola, co-operation, income generation, microfinance

Contact Address: Magdalena Divisova, Czech University of Life Sciences Prague, Institute of Tropics
and Subtropics, Kamycka 129, 16521 Prague, Czech Republic, e-mail: divisovam@its.czu.cz

74



Agricultural markets, transaction costs and rural finance — Posters

The Access of Microenterprisesto Commercial Microcredit in
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velopment, Germany

Access to credit has been a major instrument to promote microenterprises in Indone-
sia. However, many factors influence access to credit like education, gender, age,
formal financial services and collateral. Poor women have not the same access to
credit as men in many traditional societies. Moreover, formal financial sector has not
been able to meet the demand for financial services by poor rural households because
access to banking services is restricted in rural areas. Many studies proved that poor
rural households have no collateral to offer against loans. Studies also stated that age
of micro-entrepreneurs and education influence access to credit and share of income
of microenterprises in their total household incomes.

This research aims to quantify the gap between the number of micro-entrepreneurs
being assisted and the overall number who might need assistance, and to determine the
effects of education, distance to microfinance institutions, age, gender, and ownership
of standard collateral, on the accessibility of microcredit in research area.

A survey was conducted in 100 randomly selected micro-entrepreneurs living in Aceh
Besar, Nanggroe Aceh Darussalam Province, Indonesia, by using formal question-
naires.

The result shows that only 10% of microenterprises have already participated for
borrowing from commercial microfinance institutions in research area. However 60 %
of the microenterprises have an access to microcredit. Access to credit is significantly
different between owners aged 25-34 years and owners aged 35-44 years. Other
significant factors are the time needed to reach the Bank and the ability to provide
collateral. Regression analysis will be used for further analysis.
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Credit, especially micro-finance, is well known by scholars as one significant instru-
ment for poverty alleviation in rural areas. In Viet Nam, an economic reform towards
market-orientation since 1986 has helped to decrease the incidence of poverty but
progress remains limited.

Research has shown that a shortage of credit has been a major constraint to the aug-
mentation of economic activities of the rural poor and improvements in their living
conditions in general. In mountainous regions of northwestern Viet Nam, where the
incidence of poverty is particularly high, credit for rural development has mainly
been provided by Viet Nam Bank for Agriculture and Rural Development (VBARD)
and Viet Nam Bank for Social Policies (VBSP). These two state-owned banks have
adopted far-reaching changes in their credit policies to enhance the access to formal
financial services for the rural poor. However, so far there is a lack of understanding
of the credit demand by rural clients in mountainous regions of Vietnam and the fac-
tors determining their access to credit. Moreover, it is unclear whether the financial
products offered by VBARD and VBSP actually reach the rural poor, and whether
they are used for investment activities or consumption purposes.

Against this background, the objectives of this paper are twofold: First, the pol-
icy changes in credit regulations for rural development since the reform period are
explored, especially from the time of banking reconstruction towards market-orien-
tation. Second, based on data collected in a random sample of 300 households in
Yen Chau district, Son La province, the paper investigates demand for credit, credit
worthiness, and determinants of households’ access to formal credit using regression
analysis. Apart from households’ resource endowment also intangible assets such as
social capital are considered as potential influencing factors.

We hypothesise that (1) credit policies, especially those particularly designed for the
poor, are not targeted to the poorest of the poor, which means that ethnic minorities
are often excluded from the preferable credit scheme; (2) the demand for consumption
credit is not effectively met. Based on our findings we will derive recommendations
regarding an improved design of credit products for rural clients in mountainous areas
of Viet Nam.
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Market Participation of Small Scale Crop Farmersunder
Transaction Cost: Evidence from the Free State Province of South
Africa

SIRAK BAHTA, SIEGFRIED BAUER
Justus Liebig University, Institute of Project and Regional Planning, Germany

The paper analyses the factors determining the decision to participate in crop market
and level of comercialisation of South African small scale farmers with a particu-
lar emphasis on transaction costs. Transaction cost differs among households due to
asymmetries in access to assets, market information, extension services and remuner-
ative markets. To achieve this objective an Agricultural Household Model incorporat-
Ing transaction costs is designed and based on an Agricultural Household Survey that
was collected from 200 households in all five districts of Free State province, namely
Motheo, Lejweleputswa, Thabo mofutsanyana, Xhariep and Northern Free State, a
Heckman selectivity procedure is employed. The results support previous studies that
existence of transaction costs constrains households from selling. The result suggests
that having a good road condition (access) and an increase in the arable land by a
hectare will lead to an increase in crop sells by R3861 and R55 respectively. How-
ever, sells would decrease by about R997 for every additional household member in
the household. The result also suggests an increase in off farm income by R1 and
extension visits by 1 day lead to increase sales by R6 and R?3 respectively. The other
positive factors include household education, ownership of vehicle or tractor and be-
ing a female farmer. The ownership of livestock, distance to nearest town and age
were negative but only ownership of livestock was found to be significant in terms of
influencing participation in crop markets. The study recommends the need for pol-
icy and institutions to support access to productive assets (such as land), markets and
better infrastructure.

Keywords. South Africa, small scale crop farming, transaction costs

Contact Address: Sirak Bahta, Justus Liebig University, Institute of Project and Regional Planning,
Giessen, Germany, e-mail: sirak22@yahoo.com

77



Economics

Microfinance as a Way Out of Poverty: The Example of Self Help
Groups (SHGs) in a Remote Rural Region in the Indian State of
Orissa
AGNES POHLE

University of Kassel, Department of Economics Development, Migration and Agricul-
ture Policy, Germany

Over the last two decades microfinance developed into a central strategy to reduce
poverty world wide. In spite of the development of various microfinance programmes
and the expansion of rural banks the access of financial services for poor people in ru-
ral regions in many countries are still limited. Microfinance interventions are widely
discussed in literature. For some an effective tool for poverty alleviation and improv-
ing socio-economic status for the rural poor, for others a tool with not enough scope
to reach the very poor and not sustainable.

In India four fifths of the population lives in rural areas. Especially households with
low income have no or limited access to formal financial services. Since the early
1990s, the Indian government has implemented various microfinance programmes to
reduce poverty in rural areas. One of the prominent programmes is the Self Help
Group model with bank lending to groups.

In the study, the central question concerns the financial impact of Self Help Groups,
weather the programme is able to reduce poverty of SHG members. The aim is first
of all to get an overview about organisation, functionality of Self Help Groups and
the living conditions of members. Secondly the paper aims at exploring the financial
impact of members, the empowerment through Self Help Groups and the scope of this
programme.

For that purpose 21 villages with Self Help Groups were randomly selected in the
Bolangir district in the western part of the state of Orissa. Group discussions were
conducted with a structured questionnaire with all existing SHGs (106). Descriptive
statistics were used to depict the data.

The empirical analysis shows that the access to financial services like savings and
credits in most cases did not lead to an increase of income. So the microfinance pro-
gramme SHG is no sustainable way out of poverty for the members. Most of the
people used the money for consumption and not for investment in micro businesses.
The results also indicated the dependence of adequate support of NGOs or govern-
mental institutions for the reduction of poverty.
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Lack of Liquidity and Financing Possibilitiesfor Agricultural
Family Farmsin Azerbaijan: The Example of Mountain Grazing
Systemsin the Region of Gandja-Gasach

ZAUR ALIYEVL, NAIBA ALLAHVERDIYEVA?, RALF SCHLAUDERER®
1 Azerbaijan Agricultural Academy, Agrarian Economy, Azerbaijan
2University of Greifswald, Germany
3University of Applied Sciences Weihenstephan, Department of Agriculture, Germany

The structure of farms in Azerbaijan was extremely changed after the privatisation of land.
The so long dominating state-owned big farms were replaced by small family farms. This
development had sustainable effects on the production and also on the possibilities of financing
farming.

The presented article aims to survey in an empirical analysis mountain grazing systems in the
region of Gandja-Gasach with a particular focus on analysis of lack of liquidity and financial
possibilities of these farms. The farms are typical family farms, which hire additional labour
in form of herdsman. for their mountain grazing systems. They do own only little agricultural
crop land and use the possibility to rent land in from the state. They use the land to practice the
for them typical sheep and dairy production.

About 50 family farms were selected by chance and the respective family members were in-
terviewed using standardised questionnaires to secure a representative analysis. The main ob-
jective of this work was to determine the financial and liquidity situation of these agricultural
farms by using primary data.

Liquidity problems do exist particularly in the period of the purchase of feed and in the period
of animal migration from winter to summer pasture as the analysis showed. Foreign capital is
needed, since the own means of financing are short. The empirical analysis showed, that the
access to formal credits is bad for the surveyed farms

High interest rates and additional costs for the application and documentation of credits are
seen as major reasons for this situation. Banks and credit institutes do not provide higher credit
amounts to the farms since securities and trust in the farm people is missing or they do ask for
serious higher interest rates.

Therefore informal creditors do play a dominant role for providing credits to the farms. In-
formal creditors are relatives and friends, who do provide capital mostly for short periods and
without interest. Credit users do thank the creditors by giving of natural means. Transition
costs of these financing forms are very little, which will shown in the article.

The articles works out the importance of the informal credit sector for the family farms and
gives hints on the need to further improve and strengthen the formal credit sector.
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| mpact Assessment of Maskana Irrigation Project on Economic
Situation of Farming Familiesin Northern Syria

SALWA ALMOHAMED, WERNER DOPPLER

University of Hohenheim, Institute of Agricultural Economics and Social Siences in the
Tropics and Subtropics, Germany

Syria, like many countries in the Near East is characterised by a high population
growth rate. This has led to increased demand for agricultural products. Farmers in
Northern Syria compete for the scarce water resources. To increase agricultural pro-
duction in this region, there is a need to increase water availability through improve-
ment and expansion of irrigation. As a result, living standards of the target groups
will be expected to improve.

The Maskana Irrigation Project in northern Syria was initiated in 1990. Many fea-
sibility studies have been done aiming at extending the project to other areas. This
paper focuses on development of future strategies that could improve the impact of
the project on living standards of the farming families. These strategies were estab-
lished based problems identified by farmers during the survey and also from findings
of previous analysis of the farming systems in the project area. Impact analysis of
these strategies was done through simulation with static models at family level based
on linear programming.

Testing and simulation of the strategies established the importance of vegetables pro-
duction in improving farm and family income. The size of the herd also indicated an
impact on family income. Results also indicated that with improved water availability,
farm income would increase by more than 100 %. Implementation of the irrigation
would lead to full utilisation of the available and underutilised production units such
as capital and family labour in farming activities. Due to water scarcity, the farmers
had actually diverted these inputs to off-farm activities. However, investment in in-
creased water availability had a significantly positive impact on farm income up to a
certain level of the cultivated land after which the impact was negative.
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| mplication of Migration for Family Welfareand Rural
Development in East Java, Indonesia

WILDAN SYAFITRI
University of Kassel, Department of Development Economics and Agricultural Policy,
Germany

Migration is a reaction to economic imbalances and decision making involves a nego-
tiation of preferences, interests and alternative strategies. In Indonesia, international
out migration flows still continue to increase in the future due to limited job oppor-
tunity. Whereas rural to urban migration provides a strategy for rural households to
allocate their labour resources among areas to reduce risk and increase their income.
This paper aims to identify and analyse the impact of rural to urban and international
migration for family welfare and rural development in Malang Regency, East Java
Province. It helps to identify factors which are essentially for design of policies and
programs aiming to promote rural development.

The development of villages in Indonesia aimed at improving community welfare
and decreasing the number of poor households. The main problem is to cope with the
splitting of development into various sectors. In many cases, the development in land
exploitation overlaps with other claims and interests.

In micro analysis, respondents spent the biggest part of the remittance to buy land,
motorcycle, or to build house so that the share for educational expense tend to be
small. Econometric result also shows the effectiveness of government’s policy; those
who received the government’s aid tend to have big share on basic needs. Family who
possessed a quite large land had problems with water because they lived located in a
high place that clean water and well were difficult to find.

In macro analysis, the large number of schools had no effects to the elimination of
poverty; it brought negative influence instead. A short-term subsidy from govern-
ment that was given to each school had not been successful in lifting the people from
poverty. The poor also had no access to the credit yet since the credit seems only
given to those who would able to pay. The results shows the village’s big dependency
on the government. The development of village, which aims to the improvement of
growth by increasing capital and social access, would lower the chance of migration.
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Emigration of Labour Resources and itsI mpact on Farm
Families: The Casein the Mid Hills of Nepal

AMINA MAHARJAN!, SIEGFRIED BAUER!, BEATRICE KNERR?
LJustus Liebig University, Project and Regional Planning, Germany
2University of Kassel, Department of Development Economics, Migration and Agricul-
tural Policy, Germany

With increasing economic liberalisation and globalisation the mobility of human be-
ings have increased many fold. The number of people living outside their country of
birth increased from 75 million in 1960 to 191 million in 2005 (of which over 86 mil-
lion are migrant workers). In Nepal, in 2003-04, about 15 % of economically active
male and 2 % females were involved in work migration. Migration has significant de-
velopmental impacts both on sending as well as receiving countries. For the sending
countries, the positive impact is in the form of remittances. The major negative impact
Is the loss of labour resource. As per International Monitory Fund, the remittances re-
ceived by the developing countries have surpassed the total developmental aid, which
indicates the growing importance of remittances on development. In the year 2006,
the total remittance received in Nepal was about US$ 1.5 billion (about 18 % of the
total GDP).

Nepal is an agricultural country with the contribution of 39 percent to the national
GDP. However, the agriculture sector performance is determined by limited resources
and constrained by structural weaknesses. In such a situation, the cash that rural
agricultural households receive in form of remittance is of great significance not only
for meeting household needs but also as investment.

To analyse the determinants of migration and its impact, a total of about 500 house-
holds were surveyed using a semi-structured questionnaire. Apart from household
survey, the study also uses group discussion, key informant interview and secondary
data sources. The study is conducted in two hill districts of Nepal and is focused on
two major streams of international migration - namely, cross border migration to India
and other countries.

The major destination of migrants is India but this portfolio is widening and Gulf
countries are gaining popularity. The main reason for the increased migration is lack
of sufficient opportunity in the country to meet the basic food and non food require-
ments of the households. Therefore, migration is perceived to have improved the
household livelihood situation. The paper presents the major factors influencing mi-
gration decision and the impact of migration on farm families in the mid hills of
Nepal.

Keywords. Farm families, labour-migration, Nepal, remittances

Contact Address. Amina Mabharjan, Justus Liebig University, Project and Regional Planning, Sencken-
berg Strasse 3, 35390 Giessen, Germany, e-mail: m_amina24@yahoo.com

84



Resource allocation and household welfare — Posters

Analysis of the Development Optionsto I mprovethe Income
Situation of Small-Scale Dairying Households in Punjab, Pakistan

KHALID MAHMOOD
Johann Heinrich von Thiinen-institut, Institute of Farm Economics, Germany

The small scale dairy farming is playing an important role to provide nutrition and
income source to millions of rural households in Pakistani Punjab. The small scale
farms are more dependent on dairy income as a source of subsistence. Majority of
these rural households live below poverty line i.e. USD 1 per capita per day. The
average landholding of the small scale dairy farms is below 2 ha and keeps 1-2 milk
animals. The small scale dairy farms are not specialised only in dairy but are also
dependent on crops, other farm and off farm activities. The small scale dairy farming
showed a modest growth rate in the past years in Punjab but the milk productivity
remained lower in spite of various programs initiated by government. The major rea-
sons for lower productivity are poor animal genetic potential, lack of feeding and poor
management practices. Four improvement interventions are short listed out of a long
list and their impact is measured on a small typical farm through partial budgeting
technique. The evaluated improvement interventions are fodder, breeding improve-
ment, husbandry-health and marketing improvement. The improvements in per capita
income are compared with the baseline farm. The study concludes that the impact of
breed improvement is the highest for increasing the household income to USD1.18
per capita per day as compared to USD 0.83 in baseline. The husbandry and health
improvement showed second highest improvement of USD 1.02 per capita per day.
The two other scenarios of fodder and marketing improvement have not shown sig-
nificant difference from the baseline situation.

Keywords. Dairy households, improvement interventions, Pakistani Punjab, small-
scale farm
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| ncome Composition and the Perception of |ncome Fluctuation in
Rural Households: Evidence from Thailand and Viet Nam

BERND HARDEWEG, HERMANN WAIBEL
Leibniz Universitat Hannover, Institute of Development and Agricultural Economics,
Germany

The concept of vulnerability to poverty continues to gain attention among researchers
and practitioners of development because it better captures the dynamics and com-
plexity of poverty as compared to the FGT (Foster-Greer-Thorbecke)-type poverty in-
dicators. However measurement of vulnerability remains an issue because of the prob-
lem to choose appropriate vulnerability indicators the need for longitudinal datasets.
In a DFG sponsored research unit (DFG 756) a comprehensive household survey
drawing a representative sample of rural households in three provinces in Thailand
and Viet Nam was conducted in 2007. A second survey wave that is presently under-
way to complete a panel data set for about 4,400 households, will establish a database
suitable for advancing the vulnerability concept.

In this paper we investigate the composition of the household income aggregate. Com-
parison of total household and per capita income estimates to existing survey data like
the Thailand household socioeconomic survey yields very close correspondence for
Thailand and a reasonable correspondence for a more dated wave of the Viet Nam
Household Living Standards Survey. While average household size does not differ
very much between the two countries, incomes are more diversified in Thailand with
a mean Simpson index of 0.53 and 0.48 for Viet Nam. The contribution of agriculture
to total household income is only between 20-26 % in all provinces except for the
province of Dak Lak, where coffee-production drives the agricultural income share
above 45 %. On average of the three provinces in Thailand, remittances take a share
of 13-19%. In Nakhon Phanom, a province with relatively low per capita income,
remittances are the 2nd largest contributor to household income. Subjective assess-
ment of income fluctuation was obtained from the perception of the respondents on an
ordinal scale. Interestingly perceived income fluctuation does not correspond closely
with the income diversity indicator based on cross sectional data.

Keywords. Income diversity, rural livelihoods, Thailand, Viet Nam, vulnerability to
poverty
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Choosing the Economically Best and Sustainable Use of Natural
Resources by Smallholder Farmers- A Casein Ethiopia

HAILU ARAYAL, KARL STAHRZ, MITIKU HAILE3
LInstitute for Sustainable Development (ISD), Sustainable Community Development,
Ethiopia
2University of Hohenheim, Institute for Soil Science and Land Evaluation, Germany
3Mekelle University, Ethiopia

The aim of this study is to investigate the socio-economic influence of using local and
external resources in the smallholder farming system. Even though the soil requires
an addition of input to produce more and improve soil fertility it is not easy in this
degraded environment, small land holding and high prices of external inputs.

Due to the sky rocketing prices of chemical fertiliser (50 % addition between 2003 and
2007) smallholder farmers see modernity of agriculture as a degree of stressfullness
by the external inputs in the small land holding while local resources fit to a local
problem. Now the option of using compost and animal dung including using local soil
fertilisation practices are changing the situation. Therefore, compost and cowdung are
becoming a blessing for smallholder farmers in this stress world.

The yield results of three types of crops (teff, barley and faba bean) in treatments with
compost and chemical fertiliser are showing almost equal. The total cost of all inputs
are calculated as: crop rotation and cow dung are nill but the later needs owning
cattle; compost is about 50 USD mainly labor; and chemical fertiliser is 80 USD,
an average cost of 5 years (2002-07). Smallholder farmers are good in using their
local resources, it comprises highly diverse farming systems, reduced expenditure and
increased family income, reduce selling their agricultural products immediately after
harvest. 75-82 percent of the farmers’ products, varies from crop to crop, consumed
by the families. Therefore, unlike the selling of products during for repayment before
ten years, now marketing is not a problem.

Using local resources does not show a difference locally better-off and resource-poor
farmers unless we see it differently. The impact of the climate change should not be
ignored when we see the inputs. The increasing population in the world especially
in the developing world pushed the growing food demand rapidly because it became
in to the global influence but still the smallholder farmers are lucky i.e., not so much
influenced. Therefore, choose and uses of the economically best and sustainable local
resources make them less vulnerable and dependent.
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Under standing Vulnerability to Poverty of Rural Agricultural
Householdsin Northeastern Thailand

SONGPORNE TONGRUKSAWATTANAL, ERICH SCHMIDT2, HERMANN WAIBEL!
11 eibniz-University of Hannover, Institute of Development and Agricultural Economics,
Germany
2| eibniz-University of Hannover, Environmental Economics and World Trade, Germany

Vulnerable households are not only those who are currently poor, but also those who
are exposed to risks to become poor in the future. Rural agricultural households are
perceived as being exceptionally vulnerable due to limited ability to cope with shocks
and higher risks triggered by susceptible agricultural sector but it can also provide
possibilities to mitigate and cope with risks and shocks from other sectors. Under-
standing the decisive characteristics of rural agricultural households provides a bet-
ter insight to property and more efficient poverty reduction. To deal with this prob-
lem, 970 households were interviewed in 2007 in Ubon Ratchathani in Northeastern
Thailand. 90 % households surveyed engage in some form of own-agricultural ac-
tivity. Particularly, about 6 % of the households surveyed depend solely on cropping
and livestock production with support from remittances and public transfers, whereas
84 % of the households undertake on-farm activities simultaneously with off-farm,
and/or non-farm activities, hence being seemingly better prepared to prevent vulner-
ability to poverty due to more diversified occupation. However, roughly 30 % of all
agricultural households currently fall under the provincial poverty line and another
30% earn less than twice the provincial poverty line. Therefore, about one third of
agricultural households in the province are already caught under poverty and another
substantial one third is subject to downside risk of slipping into poverty should an
unexpected shock occur. For that matter, 70 % of agricultural households experi-
enced at least one shock during the previous 5 years. The most common covariate
shocks are flood and drought as well as idiosyncratic shocks of illness and death of
household members. Regarding production area, half of the agricultural households
engage primarily in cropping whereas the other half also raises livestock for commer-
cial purposes. Approximately 60 % of agricultural households report agriculture as
main occupation of at least 60 % of their active members. To construct a basis for
behaviour modelling of rural agricultural households regarding effects of shocks and
coping strategies, income, main production area and occupation are taken as criterion
and 8 typical farm types are identified. Statistical tests show significant differences in
household size, yield, subsistence and commercial production and land allocation.
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Political Economy of Policy Failuresvs. Food Insecurity: The Case
of the Special Program for Food Security in Nigeria

O. PETER AGBOLAL, BIMBOLA ADUBI?, S. ADESINA YUSUF?
!Babcock University, Department of Agriculture and Industrial Technology, Nigeria
2\World Bank Country Office, Nigeria
3University of Ibadan, Department of Agricultural Economics, Nigeria

This study attempts to contribute to the efforts at combating the problem of policy
implementation failures and mistake in Nigeria by; (1) Identifying linkages between
policy implementation failures and mistakes; food insecurity, gainers and losers from
policy failures. (2) Developing capacity for identification of unintended beneficia-
ries of agricultural polices (3) Specifying modalities and mechanisms that will enable
potential losers to overcome powerful and influential unintended beneficiaries of agri-
cultural policies and prevent policy failures. This paper attempts to probe agricultural
policy environment as a principal constraints to agricultural development in Nigeria
with particular reference to the Special Program for Food Security (SPFS).

A political economy approach was used in an effort to better understand the inter-
related, political, economic and institutional factors contributing to or inhibiting the
formulation/implementation of food security policies in Nigeria. The study therefore
examined food insecurity in the context of political economy factors. 120 beneficia-
ries of the policy were randomly selected. Descriptive statistics and food security
scale were used to analyse the data. Real and nominal gainers and losers of the pol-
icy were identified. Food security indices revealed four classes: food secure, food
insecure without hunger, food insecure with moderate hunger and food insecure with
sever hunger at rates of 41 %, 46 %, 11 % and 2 % respectively. Political-economic
factors that were found influencing policy implementation include: lobbying, mem-
bership of ruling party, internal cohesion, leadership position, ethnicity, nepotism,
wealth and influence, political support and corruption at rates of 5%, 10 %, 43.3 %,
28.3%, 35%, 10%, 21.3%, 6.7 %, and 3.3 % respectively. Results have shown that
food security policy implementation in Nigeria is influenced by political-economic
factors.

Keywords. Farmers, food security, political economy, Nigeria, special program on
food security (SPFS)
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Current Regional Trendsin Viethamese Economic Relations

MICHAELA FEJFAROVAL, VLADIMIR KREPL?
LUniversity of Economics, Prague, Faculty of International Relations, Czech Republic
2Czech University of Life Sciences Prague, Institute of Tropics and Subtropics, Czech
Republic

The case of Vietnamese economy is rather specific, being a developing country of
South East Asia that only recently joint WTO and is still high on the UNDP agenda.
After 20 years of economic transition and institutional reforms it still struggles to
acquire fully accepted status of a market economy. Well aware of its comparative ad-
vantages such as great natural resources and an abundant and inexpensive workforce,
Viet Nam has been exploiting these to raise its exports, which generate an increas-
ing flow of foreign income for economic growth and industrialisation. Over the past
20 years Viet Nam’s export growth has averaged 20 %. From around half a million
$ before the introduction of the Doi Moi policy, the total export volume of Vietnam
reached $44 billion in 2006.

With the “open door policy” starting in 1986 Viet Nam focused on “multilateralisation
and diversification” of its international relations. In late 80°s, Viet Nam had trade
relations with 40 partners only. Since then Viet Nam has signed multilateral and
bilateral trade agreements with over 80 nations. The country has been granted MFN
status by more than 70 countries and territories, including countries and regions with
large capital resources, markets and high technologies, such as the U.S., Japan, the EU
and newly industrialised countries in East Asia. Viet Nam integrated in the regional
ASEAN in 1995 and its AFTA zone and joined APEC in 1998. The SRV became
member of WTO in 2007, which is a major step in cementing Viet Nam’s economic
transformation and integration into the world economy.

The international trade data show that each of the BTA"s or regional agreements
boosted Viet Nam’s trade with the particular country or region, but not at the ex-
pense of already established trade flows. The trade increase often occurred right after
signature of the agreement before actual implementation of trade liberalisation. It
Is possible to conclude that the regional integration of Viet Nam through trade and
investment increase within the AFTA will continue. At the same time the transpa-
cific link towards the U.S. will most likely further intensify and the above-standard
relationships with the EU can be expected strive keeping at the pace.
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The Role of Women in Rural Development Programs. The Case of
Kecamatan Development Program in Indonesia

JOSE RizZAL JOESOEF!, WILDAN SYAFITRI?
IBrawijaya University, Development Economics Studies, Indonesia
2University of Kassel, Department of Development Economics and Agricultural Policy,
Germany

It has been widely accepted that rural poverty in Indonesia is caused by a low acces-
sibility of capital. This low accessibility of capital is caused by a low rate of saving,
and the low rate of saving is caused by a low income that could be generated by rural
population. This phenomenon is called the theory of vicious circle of poverty. To cut
the vicious circle, the government of Indonesia has been impelemented a rural devel-
opment program called Kecamatan Development Program (KDP). The programme
offers revolving funds to be accessed competitively by a group of poor villagers. To
gain the fund, villagers must organise themselves into groups. There are two kinds
of group: Productive Economic Units (PEUS) that are membered mostly by men and
Woman Micro Credits (WMCs).

It is found that KDP, impelemented in East Java Province in Indonesia, has hit the
targets, which are poor villages. The target precision is measured from physical con-
dition of respondent house, which is strongly related to the respondent income. It
means that the more lower the respondent income, the more badly their house condi-
tion. At micro level, KDP through its micro credit enables to create average additional
income 10 % per year for its borrower.

This study observes a success of woman group (WMC) in making use of micro credit,
and there is a strong Spearman relationship between frequency of the group meeting
and the group default in credit. In the culture of rural society, especially in Indonesia,
many women are strongly demanded to take care of their domestic problems, so that
they feel expensive to leave their house (let alone their village) for a long time. This
role enables rural women to interact each other intensively within their group, so
that social coordination within them could be realised. For a rural woman with debt,
running away from her group is more expensive than thinking seriously to pay her
debt to her group.
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| mpact of Land Reform Policy on Crop Production of Farm
Householdsin the Northern Uplands of Viet Nam

TRUNG THANH NGUYEN, SIEGFRIED BAUER
Justus-Liebig-University of Giessen, Institute of Project and Regional Planning,
Germany

Poverty is recognised as a critical development problem and has been given highest
priority on the international development agenda. Besides adverse climatic conditions
and political instability, many rural people suffer from hunger simply because they
are landless or, do not hold secure tenure. Therefore, there is a widespread belief that
land reform is an important key to development, which could contribute to overcome
poverty. Viet Nam conducted its land reform in the beginning of 1990s, including
privatising farm land and legalising land market. However, at the micro level, lack of
households’ data has prevented empirical analysis on its impact on crop production
on the one hand; its timely implementation is also a barrier to take such a needed
analysis on the other.

The study focuses on farm households with the data collected in the northern Uplands,
one of the poorest regions of Viet Nam in 1993, 1998, and 2006. Multiple econometric
regression models for panel data were used to estimate the determinants of inputs
and outputs of crop production of farm households. Because many households have
more than one plot of land, and because most grow several crops simultaneously on
a given plot, the analysis pertains to the aggregate volume of various inputs used
by the households and to the aggregate volume of agricultural outputs produced. The
implicit assumption is that each household uses the resources at its disposal optimally,
so comparison of aggregate input and output volume over years across households are
valid.

Results of empirical analysis show, that the land reform has positive effects, in terms
of both land privatisation and land titling, on quantity of inputs used and outputs
produced. The paper thus concludes that the land reform has a critical impact on crop
production at household level. This could be used to explain the reduction of poverty
rate in Viet Nam in the last decades and the change of Viet Nam from a net importer
to a net exporter of food. However, further improvements of land rights are needed to
promote crop production and land transaction among land users.

Keywords: Crop production, input, land reform, land transaction, output, panel data
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Negotiation Support Tools: Linking Science and Policy

BETHA LUSIANA, MEINE VAN NOORDWIJK, GEORG CADISCH
University of Hohenheim, Institute of Plant Production and Agroecology in the Tropics
and Subtropics, Germany

Presently, agriculture is facing new challenges in dealing with its mandate to maintain
food security in a sustainable way and being able to adapt to changes of environmental
conditions. The complex nature of agro-ecosystems with its broad range of sustain-
ability issues related to policy interventions and technological innovations requires a
dynamic and efficient approach to assess the various options to manage the landscape.
Envisioning tools, such as simulation models in combination with scenario analysis,
have been promoted and used to assess such complex interactions. Compared to tradi-
tional experimentation, use of adequate simulation models is cost effective and more
efficient, at the same time enables exploration of fast dynamic changes and challenges.
Models however, need to be adapted for their purpose in terms of scope, precision,
data requirements and end user.

“Trees in multi-Use Landscapes in Southeast Asia (TUL-SEA): A negotiation sup-
port toolbox for Integrated Natural Resource Management’ is a project that aims to
promote and equip local resource managers with cost-effective, replicable tools and
approaches to appraise the likely impacts of new technologies and changes in market
access on multi-use landscapes. The outcome of such an appraisal is important to
support evidence-based negotiations of contentious issues (water conflicts, land use
intensification, etc). The project, funded by BMZ/GTZ, runs in six countries of South-
east Asia: China, Indonesia, Laos, Philippines, Thailand and Viet Nam. Within this
project, a study is being carried out to appraise the use of simulation models by local
resource managers and policy makers. The study particularly paid attention to their
perceptions of simulation models, its results and its recommendations in terms of its
salience, credibility and legitimacy. Results of a survey carried out in three coun-
tries and a methodological approach to quantify local resource managers’ and policy
makers’ acceptance of simulation models will be discussed, and recommendations
developed how the improve and increase acceptability and use of such negotiation
support tools.

Keywords: Model acceptance, negotiation support tools, scenario analysis, simula-
tion model
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Food Price Effects on the Food Consumption in Urban Areas;
Case of Benin
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The recent worldwide increase of food prices is likely to deeply affect West African
countries, particularly those that are importers of staple foods such as wheat or rice.
In Benin, for instance, prices for rice increased by 50 percents between 2007 and
April 2008, for maize by 67 percents, and milk powder by 22 percents. This article
examines the consequences of the price increases for consumption and calorie intake
by households in urban areas of Benin. In particular, it deals with the food substitution
induced by the rise of food prices per household. The study focuses on urban areas as
they are more exposed to price changes of tradable commaodities.
The analysis is going to be based on a survey on food consumption that has been
carried out in 2008. The study will enumerate the extent of price effects on food
consumption patterns regarding quantity, origin and quality. Quantities consumed
will be aggregated to the calorie intake per household and individual while. As to the
origin of food, we will distinguish between imported and domestic food. The quality
aspect will be addressed by the type of food consumed such as meat, vegetables,
legumes, cereals, oil which have different energy and protein contents. The following
hypotheses will be tested:

* Rising food prices lead to significant reductions in the consumption of individ-

ual food items.

* Rising food prices reduce the consumption of imported staple foods.

 Imported food will be substituted by domestic food.

» Consumption will shift from meat consumption to cheaper staple foods.

 Overall calorie intake will be reduced.
Beyond these analyses, measures taken by official actors and donors to tackle the food
shortages will be discussed.
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Inter-Village Differencesin Formal and I nformal I nstitutions
Governing Accessto Land and Natural Resourcesin Central
Sulawesi (Indonesia)
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Of high conservation interest are the mountain forests of the Indonesian province of Central Su-
lawesi that include conservation core areas of the global Wallacea biodiversity ‘hotspot’. The
investigation was prompted by the observation that deforestation rates appeared to differ more
strongly between villages around Central Sulawesi’s Lore Lindu National Park (LLNP) than
could be explained by differences in the individual characteristics of the village households
as assessed by quantitative village censuses. Our results are abstracted from 3*10 semi-struc-
tured, qualitative interviews with key informants from the leading groups of autochthonous and
migrant households.

Village A is characterised by powerful local institutions, mainly controlled by the Council of
Traditional Leaders (Lembaga Adat). The council is responsible for land allocation in the com-
munity forest which is completely located inside LLNP. The formal village leadership had suc-
cessfully negotiated “traditional” - i.e. restrictive - use rights from the LLNP administration for
the community forest. The Lembaga Adat grants permissions for the extraction of timber and
NTFP such as rattan. Immigration by members of other ethnic groups is strictly discouraged,
e.g. by restricting land purchases.

In migration dominated village C, Buginese from South Sulawesi are, on average, substantially
more prosperous that the autochthonous households mainly due to more effective cacao crop-
ping. Autochthonous as well as Buginese interviewees agree that a widespread laissez-faire
attitude on natural resource use prevails. Each household is regarded as responsible for itself.
Virtually without institutional restrictions, Buginese migrants as well as some better-off local
households acquire land via purchase from poorer, local households. The land-stripped local
households, in turn, acquire new land by - technically illegal - clearing of primary forest inside
LLNP.

Village B is to some degree similar to village A. The Lembaga Adat regulates access to the
community forest (here: outside LLNP) which is granted only to autochthonous households.
In contrast to village A, land transactions are not restricted, however. Therefore, similarly to
village C, Buginese migrants and better-off local households tend to acquire land via purchase
from poorer, local households. Groups of autochthonous, partly land-stripped households pre-
pare new agricultural land via conversion of uphill community forest.

Keywords: Deforestation, Indonesia, migration, open access resources, qualitative analysis,
village institutions
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Empower ment of Rural Women Towards Equitable Agricultural
Resource Allocation in Western Sudan
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This paper investigated the role of women in agricultural resource allocation, utilisa-
tion and management in rural areas of mid-western Sudan. This was done through
testing the gender disparities in resources accessibility and their impacts on liveli-
hood and development of rural communities in the area. The gathered information
elaborated women activities, their land tenure and their land use in the region. Har-
vard framework was used as an analytical technique to classify the women activities
into their productive, reproductive and community management roles. This helps an-
swering the basic question “who does what”? It means to know the gender division
of labour under the gender triple roles in rural societies. The paper also examined
the women access to and control over resources by asking “who has what”? The re-
sults showed that rural women are vastly underestimated with regard to their access
and control over agricultural resources (land, labour and capital) and services (agri-
cultural extension and credit facilities). The findings, also, highlighted some gender
disparities in livelihoods and income generating sources. Further, the findings empha-
sized the poor involvement of women in decision making with regard to production
and marketing of agricultural products.

The paper reached to some recommendations which are expected to empower ru-
ral women as essential human resources in the national development. Promotion of
women’s role in the various aspects of life through promoting their role as mothers,
housewives, agriculture and industrial workers, civil and private sector employees as
well as the woman’s role in political work were also emphasised.

Keywords. Community management, Harvard framework, resource accessibility,
productive, reproductive, rural women, women empowerment
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Gender Diversity in Access and Use of Resources among Crop-
Livestock Farmersin Southern Niger Republic

ADUNNI SANNI, AICHATOU SOULEY YERIMA
Ahmadu Bello University, Institute for Agricultural Research, Agricultural Economics
and Rural Sociology, Nigeria

This paper sets out to ascertain the level of gender disparity in decision making power
and access to resources among integrated crop-livestock farmers in Niger Republic. It
Is informed by the premise that sustainable development can only be achieved if eg-
uitable and secured access to and control over resources and economic opportunities
are engendered. The study used a questionnaire-based survey of 42 randomly selected
households in Falki Babba and Mainai communities in Mirriah Department of Zinder,
Niger Republic. Men and women in each of the households were interviewed sepa-
rately to obtain their different perceptions on the subject matter. Descriptive statistics
and binary logit regression models were used to analyse the data collected. The results
indicated that Women and men’s right in farm decision making differs depending on
the activities involved. Women are not only consulted but have more than 60 % rate
of involvement (p < 0.01) in decision making about the number of poultry birds and
the size of small ruminant herd to be reared and marketed but less rate of involvement
(17 %) in crop production activities. Access to and use of agricultural input, particu-
larly, land, improved technologies, and extension services were higher for men than
women. The estimated logit model further ascertained enormous gender disparity in
access and control of resources in the southern Niger Republic. The levels of access
to farmland, large ruminants, labour and other farm inputs were significant higher
(0.01 < p < 0.10) for men compared to women. About 75 % and 8 % of the sampled
men and women respectively had annual income ranging from 201,000 to 250,000
FCFA (490 — 610 Dollars). Thus, the majority (92 %) of the women earned less than
150,000 FCFA ($365) per annum. The women’s poor financial status limits their
access to and use of farm inputs thereby increasing their vulnerability to livelihood
shocks. The study concludes that mainstreaming gender in development initiatives
aimed at equitable and secured access to and control over resources and economic
opportunities will go a long way in enhancing livelihood sustainability in Niger Re-
public.
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Economics of Sheep Production and Marketing in Kordofan Area
- Western Sudan

MUTASIM M.M. ELRASHEEDY, HAMID H.M. FAKI2, HASHIM AHMED ELOBIED®
1sudan University for Science and Technolgy, Agricultural Economics, Sudan
2Ministry of Science and Technology, Sudan
3University of Khartoum, Agricultural Economics, Sudan

This study was carried out to examine producers’ preferable age and seasons for sheep
sales, identify and analyse costs and returns of hamari sheep production and to deter-
mine the their marketing channels and margins. Accedintal sampling techniqus was
used to collect data from 115 respondants (sheep producers) from Gibiesh market in
western Sudan and 30 middlemen from Omdurman central market. this technique was
used due to unavailabilty of records of livestock unsettled producers. Simple statis-
tics, partial budget analyses and market analysis procedures were used to reach to the
stated objectives. The results revealed that farmers’ selling season is expected to ex-
tend from August to December, resulting in supply shortage during the rest of the year.
The major cost items of sheep production were found to be drinking water and salt,
each contributing about 19 % to the total production costs. Other costs include labour
(18 %), feed (17.4 %), veterinary care and medicine (12.5 %), flour (4.3 %), fines paid
to individuals (6.0 %), taxes (2.4 %) and zakat (2.3%). The economically optimum
age for selling Hamari sheep was found to be between 6 and 12 months, while the
best age from producers’ opinion is between 12 and 36 months. This believes lead
to overstocking of livestock and ineffiecent use of resources. Generally, there are two
means merchants used in transporting sheep from Gibeish to the consuming areas; on
hoof trekking and by trucks. Though trucks take shorter time for animals to reach
its final destination but producers prefer trekking rather than it. They used trekking
in fattening their animals and store their wealth on hoof. They only resort on trucks
when their obligation of submiting the animals is fall due or in transporting young an-
imals. The marketing channel was found to be so lengthy and middlemen’s margins
(47 %) almost equalivalent to producer’s margins (53%). So to reduce production
costs to a reasonable level, government should encourage researchers to introduce va-
rieties of pasture grasses with high water, oil and salt content and tolerant to severe
environmental conditions, besides developing and maintaining the existing ones and
encourage farmers’ institutions and societies.
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Southwest Nigeria
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Rice is important in Nigeria for several reasons. It is a major contributor to internal
and sub-regional trade. It has also been established that rice contributed about 12 to 14
percent of the food requirement of the Nigerian populace and that production capacity
of Nigeria’s peasants was well below the national requirement. Studies have shown
that the local production of rice has not been able to meet demand in Nigeria, leading
to rice imports, which currently stood at 1.7 metric tons per annum. These discrep-
ancies have been attributed to production related problems, particularly inputs. Most
studies on rice production have focused on estimation of resource use efficiency; how-
ever, research focused on production factor substitutability has been wanting. This
study attempts to bridge the gap in knowledge by estimating the elasticities of substi-
tution of inputs in upland rice production in Nigeria with particular reference to Ogun
State using data collected from a sample of rice farmers through multistage sampling
techniques. The data were analysed using descriptive statistics and seemingly un-
related regression estimation method (SURE). Allen elasticity of substitution (AES)
estimated from SURE revealed that labour, seed, capital and fertiliser were substitutes
with respect to one another with the exception of fertiliser/capital, which were com-
plements. The largest substitution possibility was between labour and fertiliser inputs
(4.738). The AES for labour/seed (0.73), capital/labour (0.50) and capital/seed (0.49)
were weak but positive, indicating that the pairs were weak substitutes. Since farmers
have substantial input substitution possibilities under the existing level of technology,
technical assistance and extension service should be provided to educate farmers on
these possibilities.
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Urban and Periurban Agriculture (UPA) and its Socioeconomic
Role - A Case Study of Vegetable Production in N’ Djaména

ABDALLAH DIoP
College of Science and Technique of Agriculture and Forestry (ESTAF), Chad

In Chad, agriculture remains the main occupation and source of income for the ma-
jority of the population; it contributes up to 50 % of the GDP and employs more than
80 % of the labour force. Vegetable production in N’Djaména’s urban and periurban
areas makes an important contribution to food demand of the growing urban popu-
lation, provides a regular income to the producers through the year and constitutes a
source of employment of many urban dwellers. Although UPA in N’Djaména is of
interest socially and economically from several points of view, some constraints limit
its development.

The objective of this study is to determine the socioeconomic role of vegetable pro-
duction within and in the fringe of N’Djaména, by analysing the technical and eco-
nomical opportunities and limitations of UPA and to propose recommendations.
Data were collected from Oct. 06 to Marsh 08 from the survey by administering a
standardised questionnaire to 4 randomly selected associations of vegetable produc-
ers in urban and periurban areas of N’Djaména. Supplementary data were obtained
through persons interviews (n=80) and field observations.

The survey has shown that accessibility of and access to land (@: 0.20 — 0.35ha in
periurban and 0.025 — 0.075 ha in urban), irrigation water and inputs constitute a ma-
jor problem of production by more than 40 % of the producers. Results indicate that
in the face of increasing unemployment rate in the urban formal sector, UPA is one of
the most important informal sector activities in N’Djaména chosen by urban dwellers.
Thereby food security and income generation were the main driving forces. The study
illustrates that the examined indicators such as gender, household and plot size, land
ownership, level of education, background of growers and method of marketing af-
fected considerably the level of farm incomes and characterised the socioeconomic
status of vegetable producers.

Keywords. Chad, socioeconomic role, urban agriculture, periurban agriculture, veg-
etable production
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Socio-Economic and Cultural Aspects Affecting the Nutrition of
Children under Age of Fivein the Rural Area of Sudan
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Germany
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In Sudan, more than 60 % of the population live in rural areas lacking the basic ser-
vices and over-burdened by poverty particularly woman and children. This study was
carried out in three villages of Al-Fau rural area. The community mainly consists
of farmers of semi-nomadic nature who own different sizes of herds and agricultural
land; they are the farmers of the Arabic pedigree. The rest of the community are work-
ers from western Sudan and were brought from their original areas to enhance the
nomad settlement strategy of the Sudanese government in the mid seventies. Various
techniques and sampling methodologies were done to collect the relevant data about
socio-economic cultural status and nutrition of children under age of five. These data
gathering techniques include questionnaire, in which information was collected about
socio-economic status of the family, level of education, occupation and age of parents
were recorded. Income level of the family was assessed. This was done by record-
ing the members of family and the facilities available such as refrigerator, television,
telephone, transport, land holding, occupation and other sources of income. Women
were asked about the social norms affecting mother and child nutritional and health
status, as well as the feeding habits of the children.

The results revealed that most of the community members practice subsistence farm-
ing and the area suffers as all other rural areas from seasonality, physical weakness
and sickness. It is also found that only 20 % of the children’s families have their own
farms, 36 % have their own livestock and 44 % have both. Moreover, it was recorded
that all markets of the studied area were very poor lacking fresh vegetables and fruits
with some handcrafts and other commodities, which attributed to the low purchasing
power, since most of the families depend on their storage which consist of sorghum,
milk and dried okra. In addition to the illiteracy (76.7 % of the mothers and 54 % of
the fathers), the lack of nutritional diversity were found the main reasons for nutri-
tional anaemia for 65.3 % of the children.

Keywords. Children under 5, cultural aspects, human nutrition, socio-economic anal-
ysis, Sudan, nutritional diversity
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Do Certification Schemes I nfluence the Role of Nicaraguan
Women in Small-Scale Coffee Production Systems?
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Coffee sales constitute the main income for 25 million families in East Africa, South
Asia and Latin America. In mountainous regions of Guatemala, Nicaragua, southern
Mexico, southern Colombia and Ecuador coffee is the most important sector. Yet,
these areas remain among the least developed ones in Latin America. In Nicaragua,
the second poorest country in Latin America, coffee contributes 25 % to total exports,
and provides employment to 13 % of the population. Although women participate in
the coffee production, they have in general little economic, social or political power in
this process or in their communities. Despite intensive research on coffee production
systems, little is known about the situation of women in small-scale coffee production
systems in Latin America.

Our research evaluated organic and organic-fairtrade certification schemes, by looking
at gender roles and impacts of certification on small-scale coffee producers. Seven
cooperatives in northern Nicaragua were chosen and individual and group discussions
with women and men, with and without certification, were carried out.

Results showed in general no difference between certified and conventional producer
groups regarding the status, behaviour and role of women within the household and
coffee production system. Also, the living conditions of women do not differ signif-
icantly between them. Irrespective of the certification, most married women do not
own land because land titles are registered in the husband’s name. Labour division is
usually quite strict and women tend to work more hours than men. Women are afraid
to speak in public, often because their educational level is very low. In combination
with the burden of domestic tasks, many women are not very involved in cooperative
activities and do not occupy leadership positions. In all observed cooperatives, neither
women nor men usually know to whom the cooperative sells their coffee.
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| mpact of Off-Farm Income on Nitrogen Use — Case Study Results
from the North China Plain
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Income from off-farm activities plays a major role for rural households with 48 % of
rural labour in China being engaged in both agricultural and non-agricultural activ-
ities. Cash income from off-farm activities and reduced family labour available for
farming might affect cultivation patterns.

Therefore, this paper focuses on the impact of the income structure on the application
of fertiliser based on cluster and regression analysis using data from a survey of 340
farm households in the North China Plain (NCP). To review trends in the agricultural
sector in the study region over time, a data set of the Research Center for Rural Econ-
omy (RCRE), covering the period 1986-2006 for Hebei province, is analysed with
descriptive methods. To validate the impact of farmer’s perceptions regarding fer-
tiliser quality on their actual fertilisation behaviour results from qualitative interviews
combined with measurements of the quality of fertiliser samples are presented.
Results show that the NCP is characterised by high levels of nitrogen application and a
resulting nitrogen surplus. No difference in means of nitrogen input and nitrogen bal-
ance between farms with and without off-farm income as well as between farms that
have farming and those having off-farm activities as main income source is found. In
addition the analysis of the RCRE data reveals that the proportion of full-time farmers
Is declining and the share of off-farm income rising. Farmer interviews revealed that
a rising share of farms is managed by older people; because the younger generations
are engaged in non-agricultural activities. During the interviews farmers indicated
that they mistrust (fertiliser) sellers. This observation can be seen as another critical
point according the effectiveness of the functioning of the agricultural sector in China.
Future research has to focus on the effects of off-farm income on the efficiency and
sustainability of Chinese farming practices, especially with respect to fertiliser. Policy
makers need to be aware that a prevalence of small-scale, part-time farm structures,
like in the NCP, could have negative impacts on the economic and natural resource
base of Chinese Agriculture.

Keywords. Agrarian change, China, fertiliser use, migration policy, off-farm income,
rural development
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Evaluating the Economics of an Improved Taungya System with
Teak in the Ashanti Region in Ghana
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Land use of the Ashanti Region in Ghana is characterised by traditional small-scale
subsistence farming of annual crops as well as by industrial production of timber on
tree plantations. However, yields of both land use practices are constantly jeopardised
by the occurrence of wild fires and soil degradation due to slash-and-burn activities
of local farmers.

By joint efforts the Institute for World Forestry of the Federal Research Institute for
Rural Areas, Forestry and Fisheries, Hamburg, together with a Ghanaian timber plan-
tation company and the German Foundation for Forest Conservation in Africa aim
at improving the unsustainable manner of conventional land use practices. A viable
approach of creating an economically and ecologically sustainable basis for mutual
benefits of all stakeholders is the implementation of an adapted version of the Taungya
system, the tree “outgrower” programme. Thus, seedlings of teak (Tectona grandis)
are put at the disposal of farmers living around the plantations while necessary skills
to simultaneously cultivate them with their staple crops are taught in workshops. Ad-
ditionally, farmers are provided with genetically improved material of fruit trees (or-
ange, mango, oil palm, cashew) to be grown as a “green fire belt” at the boundaries
of their cultivation areas. Bearing responsibility for preparation and maintenance of
the sites, farmers are granted full possession of all yields (crops, fruits, timber) which
allows them to open up a perpetual source of income based on a diversified range of
products. In return, the timber company has the right of first bid for the harvested
wood.

One crucial pillar for a successful implementation of the tree “outgrower” programme
Is its economic impact. Therefore, an ongoing study will compare the costs and ben-
efits generated by the traditional and the improved land use systems for both local
people as well as timber industry. It will furthermore reveal key factors for economic
returns and thereby offer opportunities to improve the efficient use of resources.

Keywords. Agroforestry, cost benefit analysis, Ghana, taungya, teak
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Socio-Economic Changesin Tsunami Affected Villagesin the
District of Aceh Besar, Indonesia
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4Georg-August-Universitat Géttingen, Dept. of Agricultural Economics and Rural De-
velopment, Germany

An earthquake followed by Tsunami has devastated the coastal regions of Aceh, In-
donesia, on the 26" of December 2004. The total damage in productive sector was
estimated at USD 1.2 billion and 80 % occurred in the agricultural sector, whereas
62 % of Acehnese community worked in agricultural sector. This research aims to as-
sess (1) the rehabilitation of infrastructure, (2) the rehabilitation of damaged land, and
(3) the change in employment structure. It helps to identify success and weaknesses
of the rehabilitation measures.

A village survey was conducted in 32 randomly selected villages in the district of
Aceh Besar between September and December 2007. The village headmen were
asked to answer questions concerning village structure, farmland management, in-
frastructure availability and employment before and after the Tsunami.

In the research area, the rehabilitation focused more on non-agricultural infrastruc-
ture. 59 % of the housing area and 62 % of the roads have already been reconstructed,
whereas only 12 % of the paddy fields and 17 % of the upland fields have been re-
habilitated. Moreover, the number of villages with a functioning irrigation system
decreased from 38 % to 9 % after the Tsunami. Employment in the agricultural sector
decreased from 69 % before the Tsunami to 55% after the Tsunami. Within agri-
cultural sector, employment in crop and fishpond farmer decreased significantly after
the Tsunami while outside agriculture, employment in services and construction in-
creased significantly. Due to the concentration of employment in agricultural sector,
rehabilitation processes should focus on this sector to give a chance for agriculture
community to increase their income opportunities.

Keywords. Agriculture, rehabilitation, tsunami
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The Priority Vegetable Products Based on Efficiency Resource
Allocation in Upland Areas of Indonesia: Designing Agriculture
Policy Pattern

IDHA WIDI ARSANTIL, ROMY HERMAWAN?
IMinistry of Agriculture, Indonesian Centre for Agricultural Socio Economic and Policy
Studies, Indonesia
2University of Potsdam, Department of German and European Politics and Government,
Germany

Nowadays, the integration of markets worldwide provides unparalleled opportunity for rural
development and food security. Removing barriers to trade and competition opens up new
markets for vegetables as main agricultural products in Indonesia. It also provides new op-
portunities for attracting high investment on Vegetable Farming System (VFS) into Indonesian
economies. Moreover, local government agricultural policy should support the development of
vegetable products which have competitiveness in the global market.

Based on above explanation this study attempts to present the priority vegetable products in
order to promote vegetables as spezialized, competitive and high value products. Specifically,
the objectives of the study were firstly, to evaluate the current local government policy for
priority vegetables and secondly, to rearrange the best priority vegetable products based on
efficiency resource allocation in upland areas of Indonesia.

The priority vegetable products from the study sites is discussed with the importance of agroe-
cological zone in achieving efficiency resource allocation, economic scale, government policy
and sustainability with holistic and integrated conditions as defined by the Analytic Hierar-
chy Process (AHP). Determination of priority vegetables product were carried out at certain
potential areas based on the production history as well as potential development.

Related with the analysis of priority vegetable products prepared by the local governments, the
selected vegetables in each area were as follows: potatoes, cabbages and tomatoes in Pangalen-
gan; potatoes, cabbages and chillies in Kejajar; and potatoes, cabbages and carrots in Berastagi.
These results should be address as new policy patterns in Indonesia in order to equip vegetable
products in upland areas to compete effectively in the global economy. Concretely, this means
shaping a policy which allows Indonesia agriculture to specialise in what it does best, not
only adapting to technological changes, but really driving the priority vegetable products. The
policy must prioritise investment in research and development, so facilitating the ability of
vegetable products to constantly innovate. They should added resources into education and
training, facilitate investment in the constant up-grading of the infrastructures and ensure that
unnecessary red tape is cut so that the regulatory environment in Indonesia is more conducive
to do VFS.
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Overview of | CIPE Research Activities

CHRISTIAN BORGEMEISTER
International Centre of Insect Physiology and Ecology (ICIPE), Kenya

Over two-thirds of Africa’s population comprises small-scale farmers, on whose pro-
ductivity their own socio-economic development, as well as the nutritional security
of the urban dwellers, relies. Moreover, smallholders contribute up to 50 % of the
fruits and vegetables exported from Africa. Therefore, the management of arthro-
pods, which greatly constrain the growth and output of small-scale farmers, is a major
factor in enhancing Africa’s development.

A complex of indigenous and invasive borers species ruins between 20-40 % of cereal
yields, an amount that would be enough to feed 27 million people in the continent.
Storage pests, such as the larger grain borer, can inflict losses of up to 90 % in maize.
The horticultural industry, one of the fastest, and most dynamically growing busi-
nesses in Africa falls prey to a plethora of pests, including fruit flies, which ruin up to
50 % out of some fruit varieties. In addition, disease vectors, in particular blood-feed-
ing insects and ticks, which transmit debilitating or fatal diseases, threaten livestock,
on which many people in the continent rely for their every day survival.

Bearing in mind that majority of small-scale farmers cannot afford synthetic pes-
ticides, which are in any case often harmful to people and the environment, icipe
addresses the complex arthropod-related challenges through the development of af-
fordable, environmentally-friendly, and sustainable strategies. icipe’s regional stem-
borer biocontrol project has brought down the pest populations by as much as 70 %.
The Centre’s programmes to control pests of beans, brassicas, tomatoes and a range
of horticultural crops, is helping to improve the nutrition and health of smallholders,
while at the same time supporting them to comply with strict export regulations for
their produce.

In the case of livestock, ICIPE’s has focused on the control of the tsetse menace
through the development of repellents, attractants and traps, tailor-made for different
African communities including pastoralists such as the Maasai. In pilot field studies,
these approaches have shown a 70 % reduction in the prevalence of trypanosomiasis,
the deadly tsetse-transmitted disease. icipe’s research is designed to harness indige-
nous knowledge, build institutional capabilities and empower communities to exploit
the continent’s tremendous potential.

Keywords:. cereal, fruit, ICIPE, indigenous and invasive pests, livestock, manage-
ment of arthropods, vegetable
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Biological Control of the Diamondback Moth, Reduced Pesticide
Use and Impact on Farmers Health in Crucifer Production in
Kenya and Tanzania

DAGMAR MITHOFER!, ANNA JANKOWSKI2, BERNHARD LOHRS, HERMANN
WAIBEL?
Linternational Centre of Insect Physiology and Ecology (ICIPE), Kenya
2| eibniz Universitat Hannover, Institute of Development and Agricultural Economics,
Germany
3Independant consultant, Germany

Previous assessments of classical biological control (BC) of the diamondback moth concen-
trated on the impact of the BC agent, Diadegma semiclausum, on production costs, yield and
revenue in cabbage production in Kenya and Tanzania. Results showed that BC led to a reduc-
tion of pesticide use and increased revenue for farmers who did not use pesticides. Farmers
who use pesticides as well as having the BC agent established do not maximise the full benefit
of BC due to a negative interaction between the two control strategies. This paper expands the
impact assessment to the human health dimension of cabbage farmers first and then extends to
kale producers.

The health assessment is based on a random sample of 1250 cabbage farmers from Kenya
and Tanzania; the extension covers 249 randomly sampled kale farmers from Kenya. Both
surveys capture the production with and without the presence of the BC agent. The analysis is
conducted by using a non-linear zero-inflated Poisson regression model.

Results in cabbage production show that the BC agent reduces the incidence of pesticide-related
acute illness symptoms within a household by about 20 %, all other factors being equal. Use of
more toxic pesticides (as per WHO definition) as well as not washing hands after application
increase health problems. Surprisingly increased use of protective clothing increases health
symptoms, too. However, this is supported by the literature and explained by e.g. inappropriate
material for protective clothing. Preliminary results indicate a higher positive health impact of
the BC in kale production since the crop remains longer in the field and thus relies on a higher
number of pesticide applications.

In sum, the findings show that by assessing only the direct financial impact of a BC program,
the overall impact is underestimated. Findings further stress the need to assign an economic
value to such indirect non-financial impacts of an intervention. From a development perspective
findings indicate the need to increasing farmers’ knowledge on appropriate production systems,
which maintain the BC, appropriate handling of pesticides and personal hygiene after spraying.

Keywords: Biological control, East Africa, economic impact assessment, health impact, horti-
culture, pest management
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Classical Biological Control and Access and Benefit Sharing
Regimes
FABIAN HAAS
ICIPE, Environmental Health Division, Kenya

Based on the assumption that biodiversity is better protected if benefits from its sus-
tainable use accrue to its owner, the Convention of Biological Diversity (CBD) intro-
duced two principles. Firstly, countries have sovereign rights over their biodiversity
and thus the right to determine ownership, and secondly, *Access and Benefit Shar-
Ing’. Access to biodiversity should be facilitated provided that Benefits arising from
sharing are equitably distributed amongst the involved parties.

These sensible principles are confronted with high expectations of a ’green-gold-
rush’, i.e. high and direct monetary benefits, which has led to complicated, seemingly
stalling, negotiations under the CBD. There is therefore a call for a legally binding
international regime against a backdrop of many countries implementing their own
legislations on ABS, mainly in expectation of a company developing product which
generates monetary benefits over many years.

Clearly, this is not the case in the activities of Classical Biological Control, where nat-
ural enemies are established by public research institutes, and in essence, contributing
to a public good for all.

Conflicts arise from this mismatch of expectations, in terms of speed of research and
biocontrol needs, and documentation, which is felt particularly painful by the biol-
control community as they very much work along the lines of the CBD to the benefit
of all. Further, there are international regulations and good practices already in place
such as those in the IPPC, suiting the increasing application of biocontrol.

The CBD further assumes a bilateral mechanism for Access and Benefit sharing, e.g
a country holding a certain species and company or research institute demanding this
species. However as many species are distributed over many countries, a multilateral
approach is probably more appropriate, such as the one applied in the ITPGRFA.
This talk is to inform a wider scientific public on the issue arising from the ABS
regulations and to encourage it to participate in the CBD process. We can only change
the situation when we actively approach the decision-makers and national focal points
for the CBD/ABS negotiations.

Keywords: access and benefit sharing, classical biological control, convention on
biological diversity, natural enemies
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Progress on Striga Mycoher bicide Research: Timefor Scaling-Up?

ABULEGASIM ELZEIN?, JURGEN KROSCHEL?, PAUL MARLEY?3, BEEDEN FEN4,
ADOLPHE AVOCANH*, GEORG CADIsCH!
LUniversity of Hohenheim, Institute of Plant Production and Agroecology in the Tropics
and Subtropics, Germany
2International Potato Center (CIP), Integrated Crop Management Division, Peru
3 Ahmadu Bello University, Institute for Agricultural Research, Nigeria
“International Institute of Tropical Agriculture (1ITA), Biological Control Station, Benin

Striga spp. are presenting severe constraints to cereal and legume production in semi-
arid regions of Sub-Saharan Africa. An integrated approach to Striga management is
required for which biocontrol represents a crucial component. Fusarium oxysporum
f.sp. strigae (isolates Foxy 2 & PSM197) are virulent and potential biocontrol agents
against S. hermonthica. Extensive research aiming at facilitating and enhancing their
field application has been carried out since the last decade. In terms of safety, the
isolates are highly host specific to the genus Striga only, and do not produce any my-
cotoxic compounds that present health risks, and therefore their use pose no threat to
humans or mammals. Genetic characterisation of these isolates has shown that these
isolates are similar and having unique DNA sequences that enabled them to be clas-
sified as a new forma specialis strigae), which could ensure their bio-safety and thus
greatly improve the acceptance of their use as mycoherbicides. Massive production
of inoculum of these isolates was optimised based on simple, and low cost methods
using locally available agricultural by-products. For practical use, the isolates were
developed into Pesta granular formulation or delivered as seed treatment technology.
Both delivery technologies showed compatibility and great potential and efficacy in
controlling Striga under both controlled and field conditions, as well as maintaining
excellent shelf-life after one year of storage that would be sufficient for their use under
practical conditions of storage, handling and delivery. Integration of these mycoher-
bicidal products (granular and seed coating) showed synergy and enhanced field ef-
ficacy with Striga-resistant sorghum and maize cultivars, some co-coated fungicides,
and demonstrated excellent control efficacy of Striga and improved crop performance
in West Africa. Thus, these isolates are fulfiling all necessary requirements for being
potential mycoherbicide candidates for scaling up to support and enhance the existing
Striga control measures at farm level in Sub-Saharan Africa. Strategies about how
to utilise these progresses to formulate successful integrated Striga control methods
adoptable and applicable by subsistence farmers will be proposed.

Keywords. Bio-saftey, fungicides, Fusarium oxysporum, integrated control, weed
biological control, pesta, seed coating, shelf-life
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Transaction Costs Analysisof Hired Labour Usein Pest
Management: The Empirical Study of Fruit Trees Farmingin
Thailand

Evi IRAWAN!, VOLKER BECKMANN?, JusTus WESSELER?
Humboldt-Universitat zu Berlin, Department of Agricultural Economics and
Social Sciences, Germany
2\Wageningen University, Department of Social Sciences, The Netherlands

Pest management is one of important activity in fruit trees farming. Having a look at
the detail, it shows that pest management activity involves sort of tasks with distinct
attributes. Depending on the strategy being employed, a set of tasks may vary from
one to the other farms. Calendar based spraying strategy, for instance, may involve
simple tasks such as pesticides spraying, while the others, such as IPM strategies, may
consist of wide range set of tasks from simple to the more complex ones. This paper
reports empirical investigation of the effect of pest management tasks on the likeli-
hood of hired farm labour employment using transaction costs economic framework.
It is argued that the hired farm labours are not randomly assigned to perform pest
management tasks, but rather to the tasks that are easier to monitor, applied repeti-
tively, and do not require specific skills. Accordingly, the main hypothesis we derived
Is that pest management tasks labeled as IPM strategy is most likely to be performed
under farm labour organisation comprised largely of family labours. The results are
summarised as follow: (1) The conditional probability of the form of farm labour or-
ganisation shows that (i) pest monitoring seems likely to be family labour business,
(i1) pest management tasks labeled as IPM strategy is more likely to be performed
under farm labour organisation comprised largely of family labour, and (iii) the use of
hired labour seems likely to be under supervision of family labour. (2) Estimates of
probit model of durian farming furthermore confirm that the attributes of pest manage-
ment task is the most important factor determining the likelihood of employing hired
farm labour in pest management. However, the estimate of probit model of tangerine
farming cannot provide statistical evidence similar to durian farming model due to the
less variation of pest management tasks applied by tangerine farm household.

Keywords:. Fruit trees farming, hired labour, pest management, transaction cost eco-
nomics
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| mpact and Deter minants of Adoption of Virus M anagement
Techniques in Banana Cultivation in India: A Case Study of
Banana Bunchy Top Disease

RADHIKA CHANNANAMCHERY!, BADAL PRAKASH SINGHZ, RAM PYARE
SINGH?3
1Ghent University, Faculty of Bioscience Engineering, Belgium
2Banaras Hindu University, Department of Agricultural Economics, India
3Indian Agricultural Research Institute, Department of Agricultural Economics, India

Banana (Musa spp.) is considered to be the fourth most important food crop in the
world after rice, wheat and milk products in terms of gross value. India is the world’s
largest producer of banana with a production of 1.6 million tonnes covering an area
of 0.54 million ha during 2004-05. The average productivity of banana in India is
30.52 tha™* which is much lower than the potential yield of 80 tha!. Banana Bunchy
Top Virus (BBTV) is attributed as one of the major reasons of low productivity of
this crop. A study on the determinants of the virus management technology (VMT)
for this disease revealed that adoption of the technology increased the net return on
farms by 63 per cent. However, the mean technology adoption index (TAI) was only
52 on a scale of 0 — 100. The incremental returns due to VMT adoption was found
to be increasing with the level of adoption. Therefore, there is a need for encourag-
ing financial institutions to provide credit support for adopting the complete package
of VMT. It was found that per unit cost reduces and yield per hectare increases as a
result of adoption so it would be worthy for financial institutions to lend credit to the
farmer. It was concluded that providing better extension contacts to farmers was the
most important factor increasing its adoption. Other factors which played a signifi-
cant role were improving farmers’ educational level, arranging training programmes
and awareness campaigns about this disease. It was observed that planting of tissue-
cultured plantlets was automatically followed by better disease management practices
by the farmers since farmers invested heavily in tissue cultures plantlets and were
cautious against potential losses due to BBTV. It was suggested that establishment of
certification laboratories for disease-free plantlets and legal framework restricting sale
and movement of uncertified plantlets could be a significant steps towards controlling
this disease.

Keywords: Adoption, banana bunchy top, Musa, virus management
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| nsecticide Resistance M anagement Technology in Cotton
Production —An Analysisin Ecological and Economical
Per spective

MURLIDHAR MEENA!, S. SURYAPRAKASH!, ANOOP PARAMESWARAN PILLAI?
LUniveristy of Agricultural Sciences, Department of Agricultural Economics, India
2Ghent University, Faculty of Bioscience Engineering, Belgium

Cotton is king for the pesticides industry accounting for over 50 per cent pesticide
consumption in India. These chemicals, released into the environment, have a variety
of adverse ecological effects. Under these circumstances, Integrated Resistance Man-
agement (IRM) is the only answer to conserve bio-diversity and to obtain higher crop
yields through better means of pest control. IRM blends all crop production practices
to incorporate proper use of insecticides at such time of the cropping phase when re-
sistance is low, the natural enemy populations are least disturbed and different groups
of chemicals are alternated.

This paper makes a modest attempt to assess the relative economic and ecological
issues of IRM technology in the cotton belt of India, viz., Maharashtra state. The
data for the study included one hundred cotton farmers comprising of 60 IRM and
40 non-IRM (those using convention method of plant protection) farmers. The study
showed that IRM farms realised relatively higher per hectare gross returns and net
returns (Rs.29,964 and Rs.12,547) compared the non-IRM farms (Rs. 22,238 and
Rs.5027). The regression coefficient of IRM technology (0.12) was significant on
IRM farms, while it was non-significant (0.01) on non-IRM farms, clearly indicating
the effectiveness of the IRM in cotton cultivation.

The magnitude of the EIQ field use rating was 38.80 for the farms practicing IRM,
while it was a high of 73.04 for the farms using only pesticides for pest control,
clearly showing the magnitude of reduction in the environmental damage brought out
by IRM technology. The study makes a clear case for popularizing the adoption of
IRM technology in cotton cultivation, as it results in financial benefit to the producer
and reduces the environmental damage.

Keywords. Cotton, environmental impact quotient, insecticide resistance manage-
ment
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Contribution of Pseudomonas proradix® and Bacillus
amilolyquefaciens FZB42 on Healthy Plant Growth of Tomato
Affected by Soil Sickness

YUSRAN YUSRAN, MARKUS WEINMANN, GUNTER NEUMANN, VOLKER
ROMHELD, TORSTEN MULLER
University of Hohenheim, Institute of Plant Nutrition, Germany

The use of antagonistic microorganism in biological control of root disease is be-
coming an important alternative or supplement to chemical pesticides. At present,
an increasing number of commercial products based on plant growth promoting rhi-
zobacteria (PGPR) is becoming available world wide. Many of them contain strains
of Pseudomonas spp., Bacillus spp., etc. Some biocontrol strategies have been pro-
posed for controlling root pathogens, but practical applications are still limited. This
Is largely due to the lack of unequivocal answers to key questions concerning the rela-
tionship which the biocontrol agent may establish with the plant, and the mechanisms
by which it may directly influence the pathogen or indirectly influence the plant’s own
resistance. Further, single studies have shown the potential of beneficial rhizobacte-
ria to interact synergistically with indigenous, site specific and adapted arbuscular
mycorrhiza fungi (AMF).

Single tomato seeds of two varieties (Money maker and Hellffrucht hillmar) were
cultivated in pots containing 50 g substrate (Einheitserde Type P). Then, the two
weeks-old seedlings were transplanted to bigger pots containing 1 kg replant disease
soils/sand mixture (3:1). Fertilised with 100 N, 50 P, 150 K, 50 Mg, 0,06 Fe mg
kg~!. Pseudomonas proradix® (Sourcon Padena) (1,5 x 1010 cfu 1=1) and Bacil-
lus amilolyquefaciens FZB42 (Rhizovital ABITEP®) (100g 1) or none of both were
applied by root dipping.

Soil inoculation with Proradix® and FZB42 significantly improved the root and shoot
biomass production of the two tomato varieties growing on pathogen-infected soil.
Roots of both tomato varieties were not only healthier but also showed a significantly
higher colonisation by arbuscular mychorriza fungi (AMF), indicating that the AMF
infection potential in the soils was not generally low but rather suppressed directly by
pathogens or indirectly as consequence of poor root development. The concentration
of macro and micronutrients in tomato shoots was higher in the Proradix® and FZB42
treated plants when compared to the untreated control. The result obtained suggest
an important role of rhizosphere interactions for the expression of bio-control mecha-
nisms by inoculation with effective Pseudomonas and Bacillus strains independent of
simple antagonistic effects.

Keywords. Bacillus, indigenous AMF, Pseudomonas, soil-sickness, tomato
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Population Dynamicsand On-Farm Fruit Fly Integrated Pest
Management in Mango Orchardsin the Natural Area of Niayesin
Senegal

NDIAYE MBAYE!, DIENG ELHADJI OMARY, DELHOVE GILLES?
INational Plant Protection Service, Ministry of Agriculture, Senegal
2Pesticides Initiative Programme (COLEACP), Belgium

The trend of the population of fruit flies follows the dynamic of the rains. This ten-
dency is more perceptible in Bactrocera invadens than in Ceratitis cosyra (Walker).
From 350 individuals captured per trap, B. invadens seemed to disrupt the presence of
C. cosyra and the other related fruit fly species. Such behaviour is probably due to an
interspecific competition and could be the fact that C. cosyra dominated emergences
from the incubated fruits of alternate host plants up to 87 % even though B. invadens
was observed.
Integrated pest management (IPM) package was tested which included:
1. male annihilation using wood blocks soaked in insecticide (malathion 500 EC)
and lure (methyl eugenol and terpinyl acetate),
2. two protein hydrolysate bait applications (Success Appat at 1 liter per ha) and
3. sanitation (weeding and destroying of the collected fallen fruits by the following
practices: using black plastic bags, burying in holes, burning on the ground
surface and incinerating with a barrel transformed into incinerator).
Aim was to control fruit flies in mango orchards. Results showed a control as an
inferred improvement in fruit fly infestations in the treated plot up to 83 % compared
to the untreated. From all above particular method implemented to destroy collected
fruits, a reinforced black plastic bag would be recommended for popular use.
When we compare methyl eugenol to the home-made baits of grinded nutmeg and
NET, a beauty cream, we found that methyl eugenol attracted significantly B. in-
vadens. Methyl eugenol’s half life is also significantly longer (5 weeks) than the
grinded nutmeg (less than 1 week) (p = 0.0109; t = 9.4935; Df = 2). No capture
was recorded in the NET based trap. In case of lack of methyl eugenol, the grinded
nutmeg might be recommended as an alternative product to renew every week.

Keywords. Alternate host plants, bait, fruit fly, IPM
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Relationship Between Prevention of Early Damage of | nsect Pests
and Cotton Yield in Sudan

HAYDER ABDELGADER
Agricultural Research Corporation, Crop Protection Research Center, Sudan

Seed treatments promote seedling establishment, help ensure yield and reduce quality
losses due to many pests and diseases. Protecting cotton plant from the attack of
early-season insect pests and diseases is of prime importance to ensure a healthy and
strong establishment of this strategic crop. The present study tried to measure the
susceptibility of cotton flea beetles (Podagrica spp.), as indicator of early insect pests,
to some single and/or mixtures of pesticides as a preventive control measure against
early season pests of cotton in Sudan. Two field experiments were planned in the study
using a number of seed dressers and two varieties of cotton (Barac 67 B and Barakat
90). Visual counts in the field were used to evaluate the effects of seed dressing
treatments. Counting shot holes resulting from Flea beetle adults feeding assessed flea
beetle damage. Results showed that using the ant microbial bronopol alone did not
prevent flea beetle damage. Treatments containing imidacloprid significantly reduced
damage in the experiments, but not 10 weeks after sowing in field experiments. The
relationship between damage caused through early flea beetle damage and reduction
in yield was measured through simple regression analysis. The regression analysis
indicated that the correlation coefficient measured between early damage (30 days
after sowing) and yield of cotton can be used to explain third of the variability in
yield. However the correlation coefficient was lower when the damage was recorded
later (60 days after sowing). The relationship between damage and yield was found
to vary between the two varieties tested.

Keywords. Cotton flea beetle, cotton yield, Podagrica spp., Sudan
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Quarantine Management on Fruits and Vegetables Eliminating
Millipede | nfestation Caused by Spinotarsus caboverdus
(Diplopoda, Odontopygidae)

BEATA NASCIMENTO!, HELGA SERMANN?
INational Institute for Research and Agricultural Development, Department of Agricul-
ture and Livestock, Cape Verde
2Humboldt-Universitat zu Berlin, Department of Phytomedicine, Germany

The demand for a good quality of native fruits and vegetables with export potential
from Santo Ant&o Island is increasing, due to a developing tourist market. Unfor-
tunately there is a high infestation with the millipede Spinotarsus caboverdus. The
infestation and damages on fruits and vegetables on the field appear also during the
storage period.

The objective of this research is to develop a management for fruits and vegetables
against quarantine pest, Spinotarsus caboverdus (Pierrard). The effective treatment is
necessary for vegetables and fruits, which will be exported from Santo Antdo Island
to other islands of the archipelago of Cape Verde. We look for the effective treatment,
without negative influence on the treated vegetables and fruits, low-cost and without
environmental consequences.

All tests were conducted with naturally infested products with millipede. The effect
of each treatment on the infestation and the quality of products was observed.
Moderate heat of 40°C and 45°C was used to eliminate live millipedes on fruits and
vegetables. Effectiveness of these two temperatures was applied during 18 hours. At
45°C and 18 hours duration the mortality of S. caboverdus was 100 %.

In a second way hot water immersion at 40°C and 45°C with duration of 20 minutes
was also investigated for lethal effect on millipedes. The mortality of millipedes at
45°C after 20 minutes was 100 % too.

In a third case it was tested an ambient water immersion at 25°C of fruits and veg-
etables with different time of immersion of 10, 15 and 20 minutes. The objective of
using ambient water immersion was to turn out of the millipedes from the products.
In results of these test 20 minutes at 25°C are enough to push out 100 % of millipede
from the crops.

The investigation shows, that the millipede infestation can be eradicated in the post
harvest phase of vegetables.

Keywords:. Post harvest treatment, Spinotarsus caboverdus
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Allelopathic Effect of I ntercropping with Marigold and Common
Rosemary on Tomato Early Blight Disease Development

ALIREZA KOOCHEKI, LEILA ALIMORADI, GOLSOOMEH AZIZI
Ferdowsi University of Mashhad, Dept. of Agronomy, Iran

In order to evaluate the allelopathic effects of intercropping with marigold and com-
mon rosemary on tomato early blight disease development Intercropped systems pro-
mote biological diversity, improve the use of natural resources, diminish the risk
of crop losses and can provide barriers to the spread of plant diseases. Medicinal
plants can grow in intercropping. Common Rosemary (Rosmarinus officinalis) and
Marigold (Tagetes erecta L.) are multipurpose crops with remedial, ornamental, med-
ical and pharmaceutical uses, and reported antimicrobial properties. Tomato early
blight, caused by Alternaria solani, is perhaps the most common leaf disease in this
crop and is considered one of the main diseases affecting tomato production in Iran.
In this experiment, we evaluated the effects of marigold intercropped with tomato
(Lycopersicon esculentum Mill.) and Common Rosemary (Rosmarinus officinalis) on
A. solani on tomato leaf damage in farm condition. Results showed that intercropping
with marigold and common rosemary induced a significant (p < 0.05) reduction in
tomato early blight caused by A. solani, by means of two different mechanisms. The
first mechanism was the allelopathic effects of marigold and common rosemary on A.
solani conidia germination. The second way was by altering the microclimatic con-
ditions around the canopy, particularly by reducing the number of hours per day with
relative humidity >92 %, thus diminishing conidial development. The third mecha-
nism was to provide a physical barrier against conidia spreading. When intercropped
with tomato, Common Rosemary plants worked also as a physical barrier and pro-
moted reductions in the maximum relative humidity surrounding the canopy, but to a
lesser extent than marigold.

Keywords. Alternaria solani, common rosemary, Rosmarinus officinalis, early blight,
intercropping, microclimate, Marigold, Tagetes erecta, tomato, Lycopersicon esculen-
tum
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The Consequences of Defoliation of Gum Arabic Tree (Acacia
senegal) by Tree Locust (Anacridium melanorhodon
melanorhodon) for the Gum Producers: A Case-Study in North
Kordofan State, Sudan

HATIM MOHAMED AHMED ELAMINY, MECHTHILD ROTH2, MOHAMED ELNOUR
TAHAL
1University of Kordofan, Department of Gum production, Gum Arabic Research Centre,
Sudan
2Technische Universitét Dresden, Institute of Forest Botany and Forest Zoology, Germany

Gum Arabic is one of the main crops produced in the traditional rain-fed agricultural
sector of Sudan. It is a non-timber forest product harvested from gum Arabic tree
(mainly Acacia senegal var. senegal). Gum Arabic provides on average 12% of the
gross domestic product of the country and accounts for about 15 - 10% of the income
of the gum producers and other farmers in the gum belt across Sudan, respectivily.
The most serious pest of gum Arabic tree is the tree locust Anacridium melanorhodon
melanorhodon Walker. A study conducted in North Kordofan State focused on the
estimation of the degree of defoliation by outbreaks of the tree locust and on socio-
economic consequences for local gum Arabic producers. Moreover the study tries
to cover the reactions of the local gum producers on tree locust outbreaks and the
possibilities for compensation of the (financial) losses.

Defoliation of gum Arabic tree by the pest resulted in a loss of yield connected with
a reduction of the benefits to the local communities practicing gum production as
one of the main activities. The study showed highly significant differences in crop
yield before (183.88 kg ha') and after (105.73 kg ha?) tree locust outbreak. The
pest reduced the per hectare benefits from gum production from 292.6 to minus 21.2
Sudanese Pound (SDG). In addition, tree locust outbreak leads to a delay of the tree
tapping time from October to January/February due to the effects of the pest on foliage
of gum Arbic tree.

The study was considered to be base not only for policy makers to avoid the econom-
ical losses but also for more research work concerning the ecology of the insect and
the strategies of control.

Keywords. Acacia senegal, gum arabic, tree locust, Anacridiumspp.
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Successes and Failures of IPM Projects. Case Studies from West
and Central Africa

DoNA DAkouo!, NoE WoIN2, SOULEYMANE NACRO?!
Linstitute of Environment and Agricultural Research (INERA), Regional Research Centre
of Bobo-Dioulasso, Burkina Faso
2|nstitute of Agricultural Research for Development (IRAD), Regional Research Centre
of Maroua, Cameroon

Integrated Pest Management (IPM) programmes/projects have been implemented in
many countries in sub-Saharan Africa. However the success beyond the projects im-
plementation period has been very limited due to failure of IPM adoption after the end
of projects. This paper reviews successes and failures of IPM projects implemented
in West and Central Africa over the past two decades (1985-2005). Investigations on
successes have been made based on the projects reports while those on failures have
been conducted through personal interviews/contacts with supposed beneficiaries and
implementers after the end of these projects. Investigated projects implemented in
West and Central Africa include: the CILSS/USAID/FAO IPM project (1980-1987),
the DFID Millet IPM Project in Mali (1985-1991), the European Union /Regional
Sorghum IPM Project in Burkina Faso and Mali (1996-2000) and the ADB/LCB
IPM Project in the Chad Lake Basin (2003-2005). The common feature of these
four projects relies on funding provided by external donors/agencies while beneficiary
countries provided facilities and personnel (scientists, extension workers and farmers)
for the implementation. Successes are mainly based on increased crop yields and ad-
ditional incomes gained by farmers in applying IPM methods as well as in reducing
the use of toxic pesticides. Additional cases of successes rely on capacity build-
ing through academic (MSc and PhD) and professional training (extension workers
and farmers) and materials (laboratory and field equipment). The main reasons of
failures after the end of the projects are mainly due to lack of national IPM policy,
organisational structure, and funding from beneficiary countries to extend and sus-
tain programs and infrastructures set up by IPM projects.Based on this investigation,
successes of IPM project rely mainly on availability of funding provided by external
sources which ends with the life of the projects. Failures result from the lack of fund-
ing, national IPM policy and organisational commitment beyond the end of most of
the projects. Recommendations are made to overcome these major constraints.

Keywords. Crop yields, extension workers, farmers, funding, incomes, IPM policy,
building capacity, scientists
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Effect of Kaolin and M ethoxyfenozide on Aphids and Helicoverpa
armigerain Benin, West Africa

THIERY B. C. ALAVO
University of Abomey-Calavi, Dept. of Zoology and Genetics, Benin

Aphis gossypii, Aphis craccivora and Helicoverpa armigera are major pest insects in
Benin, West Africa. Considerable crop losses are attributable to these insects on sev-
eral agricultural plants. To control these pest insects, chemical insecticides are inten-
sively applied. This intensive use of chemical insecticides has led to the development
of resistance to major chemical families of insecticides. Consequently, management
of these pests using conventional chemicals insecticides is increasingly difficult.
This work is aimed at evaluating the effect of kaolin and methoxyfenozide on the
aphids Aphis gossypii and Aphis craccivora and on the cotton bollworm Helicoverpa
armigera.

The effect of kaolin is tested by recording the population dynamics of A. craccivora
and A. gossypii on cowpea and cotton plants, respectively, after spraying with a water
suspension containing 5 % of kaolin. The effect of methoxyfenozide is tested by top-
ical application of different concentrations to 2nd and 6™ instar larva of H. armigera
fed on cotton and tomato.

Results showed that kaolin technology reduces significantly aphids number and kaolin
5% is optimal concentration for effective spraying.

Methoxyfenozide caused phenotypic deformity to larva, reduced their feeding ability
and consequently, larva died slowly by starvation.

In regard to these encouraging results, it is suggested to conduct trials on these prod-
ucts in open field in order to assess their potentiality to protect crop effectively.

Keywords. Aphis craccivora, Aphis gossypii, environmentally-friendly compounds,
Helicoverpa armigera, integrated pest control, kaolin, methoxyfenozide
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Getting the Most Out of Scarce Water: Adapting Dryland Cereals
to Forthcoming Agricultural Transitionsin Sub-Saharan Africa

MICHAEL DINGKUHN
Centre International de Recherche Agronomique pour le Développement (CIRAD), Bios,
France

Times of major economic or environmental change cause change in agriculture. Dur-
ing such periods, new technologies such as crop varieties are needed, and research
has the opportunity to make substantial positive impact. Such was the case during the
green revolution in much of the world (except large parts of SS-Africa). A new period
of agricultural transition is now coming up caused by several major changes that are
a threat and, under certain conditions, an opportunity for Africa: climate change and
associated variation of rainfall patterns, population growth, and rising prices of fossil
fuels. All three contribute to rising grain prices on the world market which in turn
agravate food security problems. This is potentially disastrous for the urban poor, but
not necessarily bad news for farmers. A new wave of intensification is likely, and
along with it, the conversion of subsistence into commercial farming systems.
SS-Africa’s vast savannahs are the continent’s potential bread basket wherever po-
litical stability enables development of sustainable, commerce driven intensification.
What are the crop adaptations and what are the crop ideotypes that need to be devel-
oped to foster such development? This paper presents some old, recent and new hypo-
thetical breeding strategies for sorghum and maize for drought prone environments in
West Africa, and discusses them in the light of the expected agricultural transitions. It
describes summarily how drought escape, avoidance and tolerance mechanisms might
be combined with desirable agronomic traits to provide best fit changing climate and
production systems and objectives. On this basis, the author identifies physiological,
genetic and agronomic research issues that should be tackled urgently because, once
again, applied science may lag behind the rapidly changing reality on the ground.

Keywords: Agricultural change, Sub-Saharan Africa
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Balanced Fertilisation — A Prerequisite for a Sustainable
| mprovement of Crop Yield and Quality in Developing Countries

GEORG EBERT, FLORIAN WICHERN
K+S Kali GmbH, Germany

In developing countries, the plant nutrient input into agricultural systems by organic
and mineral fertiliser is often low and thus limiting crop yield. In Africa, so-called
nutrient mining results in nutrient loss of up to 100kg nutrient hat yeart. Nutrient
mining (esp. P and K) has become a serious problem for crop production not only in
Africa but also in many Asian countries. In these regions, the most widespread used
fertiliser is urea, which is often applied in large quantities. Generally, in most of these
countries, N is used in higher quantities as compared to P, K, Mg and micro nutrients.
Consequently, soil fertility along with water, another serious threat for crop produc-
tion in developing countries, will be negatively affected by nutrient imbalances. This
nutrient imbalance has a number of detrimental effects on crop production: decrease
of area productivity (yield/ha), decrease of N efficiency (i.e. less crop output per kg
N used), lower plant resistance to pests and diseases and a lower product quality in
terms of mineral content, vitamins and others. Nutrient imbalances and the use of
large quantities of N-fertiliser also results in negative environmental effects associ-
ated with N, such as nitrate leaching and N,O-emission. Moreover, the lack of micro
nutrients (first of all Zn) has led to lower crop yield but also to nutritional problems
for consumers. Today, Zn deficiency is regarded as one of the most serious causes for
malnutrition of children. This is reflected by special Zn promoting programmes of the
FAQ, Bill Gates Foundation and other organisations.

In the present study, we show results from various field trials carried out in India and
other Asian and African countries showing the detrimental effects of unbalanced NPK
fertilisation on crop yield and on soil fertility. Our results indicate that K improves
water use efficiency and nutrient availability in soils, that Mg improves assimilate
production and translocation in the plant and that S improves plant resistance. We
show the practical relevance of balanced fertilisation and economic benefit for some
crops against the background of increasing fertiliser prices.

Keywords: Crop quality, fertilisation, nutrient cycling, nutrient mining, soil fertility
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Drought Resistence of Mixed Pine-Oak Forest Speciesin the
SierraMadre Oriental, Mexico

WIBKE HIMMELSBACH, EDUARDO JAVIER TREVINO GARZA, HUMBERTO
GONZALEZ RODRIGUEZ, MARCO AURELIO GONZALEZ TAGLE
University of Nuevo Leon, Department of Silviculture, Mexico

Mixed pine-oak forests are exposed to extreme environmental conditions where wa-
ter availability is a limiting factor and climatic change makes the conditions for plant
grow even more acute. In addition, unsustainable management contributes to the ac-
celeration of forest degradation and deforestation in great parts of the mountain due
to anthropogenic stresses like forest fires, agricultural, silvo-pastural and silvicultural
activities, why natural regeneration and reforestation are difficult. The response of
ecosystems to such climatic and anthropogenic stresses will depend in part on the
drought tolerance capabilities of the individual species. In order to develop and ap-
ply sustainable management or reforestation programs, detailed knowledge about the
physical condition of tree species and their capacity to respond to a dynamic envi-
ronment is an important precondition. The objectives of our study were to assess
and quantify how seasonal plant water potentials (Yw) and osmotic potentials (\P's)
are related to soil water availability and evaporative demand components in four tree
species (Acacia rigidula, Juniperus flaccida, Pinus pseudostrobus, and Quercus can-
byi) under natural drought and non-drought conditions in the Sierra Madre Oriental.
All species showed high predawn and low midday values that declined progressively
with increasing drought and soil-water loss. During the dry period, juniper and oak
had the lowest Ww and ¥'s while A. rigidula maintained relatively high values. How-
ever, J. flaccida and Q. canbyi recovered high water potentials during the wet months
indicating their capacity to overcome drought. A. rigidula had a wide range between
predawn and midday Ww during the dry season suggesting drought resistance. WYw
was positively correlated with soil water content for Q. canbyi and J. flaccida, and
between 30% and 47 % of temporal variation in predawn water potential (‘Ywpd)
was explained by soil water content. Ws was correlated with climatic variables for
J. flaccida and Q. canbyi. Finally, A. rigidula, Q. canbyi, and J. flaccida had better
capacity to withstand drought than pine, and are considered as suitable candidates for
reforestation programs on dry sites in the Sierra Madre Oriental in Mexico.

Keywords: Acacia rigidula, drought stress or resistance, Juniperus flaccida, Mexico,
Pinus pseudostrobus, Quercus canbyi, restoration, Sierra Madre Oriental, water- and
osmotic potential
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Squeezing More Crop from Each Drop — An Interdisciplinary
Approach to Crop Improvement in Drought-Prone Environments

AHMAD M. MANSCHADI!, JOHN T. CHRISTOPHER?, GRAEME L. HAMMER?,
PETER DEVOIL?
LUniversity of Bonn, Center for Development Research (ZEF), Department of Ecology
and Natural Resource Management, Germany
2University of Queensland, Dept. of Primary Industries & Fisheries, Leslie Research
Centre, Australia
3University of Queensland, APSRU, School of Land and Food Sciences, Australia

Improving crop yields in rain-fed environments will be central to food security in a climate-
changed world where rain, temperature and drought will be increasingly erratic. Yield im-
provement in such environments based on selection for yield per se has been slow due to large
genotype by environment interactions (G x E). In this paper, we present an interdisciplinary
approach to crop improvement that links physiology with plant breeding and simulation mod-
elling to enhance the selection of high yielding, drought-tolerant varieties for the water-scarce
environments.

In a series of field experiments in Queensland, Australia, we found that the yield of CIMMYT
wheat line SeriM82 ranged from 6 to 28 % greater than the current adapted cultivar Hartog.
Physiological studies on the adaptive traits underpinning this advantage revealed that SeriM82
and Hartog differ in root architectural traits. In large soil-filled chambers, SeriM82 had a nar-
rower root system architecture and extracted more soil moisture per soil volume, particularly
deep in the profile, late in the growing season when marginal water use efficiency (WUE) is
high. To quantify the value of these adaptive root traits, we conducted a simulation analysis
with the cropping systems model APSIM for a range of rain-fed environments contrasting in
soil water-holding capacity in southern Queensland using long-term historical weather data.
The analysis indicated a mean relative yield benefit of 14.5 % in water-deficit seasons and that
each additional millimetre of water extracted during grain filling generated an extra 55 kg ha 1
of grain yield.

Further root studies of a large number of current Australian and CIMMYT wheat genotypes in
small gel-filled chambers revealed that wheat root system architecture is closely linked to the
angle of seminal root axes at the seedling stage - a trait which is suitable for large-scale and
cost-effective screening programmes.

Overall, our results suggest that an interdisciplinary approach to crop improvement based
on identification of physiological traits conferring tolerance to drought stress, evaluation of
drought-adaptive traits in the target population of environments using simulation modelling,
and development of efficient screening methods is likely to enhance the rate of yield improve-
ment in rain-fed crops in a changing climate.

Keywords:. APSIM, root characteristics, simulation modelling, water use efficiency, wheat
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Ozone Pollution and Rice Production in Asia: Significance,
Physiological Response of Rice and Development of Tolerant
Genotypes

MICHAEL FREI, MATTHIAS WISSUWA
JIRCAS, Crop Production and Environment Division, Japan

Surface 0zone concentrations have been rising in many Asian countries in recent years
due to environmental pollution accompanying economic development. Ozone is an
air pollutant that is formed in the earth’s troposphere as a consequence of photochemi-
cal reactions of precursor gases such as nitrous oxides or volatile organic compounds.
Ozone causes visible leaf damage (“bronzing”) and negatively affects plant growth
by hampering photosynthesis. Rice yield reductions up to 15 percent due to ozone
pollution have been estimated in areas where ozone level exceeds 80 ppb, which is
frequently the case in India and China. A powerful strategy to prevent such yield
losses is the development of tolerant rice varieties. We therefore aim to identify ge-
netic factors associated with ozone tolerance in rice, and to understand the underlying
physiological mechanisms. We carried out experiments using three week old rice
seedlings and exposing them to 100 ppb ozone for 14 days. Dry weight develop-
ment and visible leaf damage (leaf bronzing) were used as tolerance indicators. We
assessed genotypic differences for tolerance to elevated ozone, and identified quan-
titative trait loci (QTL) in a mapping population derived from contrasting parents
Kasalath (a tolerant Indica landrace) and Nipponbare (an intolerant modern Japonica
variety). The effects of QTLs were confirmed using chromosome segment substitu-
tion lines. This approach yielded three conclusive QTLs: two QTLs were associated
with leaf bronzing and one with dry weight. We then carried out experiments with
substitution lines aimed at identifying the physiological basis underlying these QTLSs.
Results suggested that leaf bronzing was strongly associated with the ascorbic acid
status, whereas dry weight reductions were related to photosynthetic carbon assimila-
tion. In ongoing experiments we now intend to obtain a more detailed understanding
of the physiological processes underlying tolerance QTLs. We investigate whether
photosynthesis under ozone stress is limited by stomatal regulation or by biochemi-
cal limitations such as Rubisco activity, and whether contrasting genotypes differ in
this regard. The potential application of these results for the development of ozone
tolerant rice varieties and its contribution to food security in Asia will be discussed.

Keywords: Genetic resources, oxidative stress, ozone, photosynthesis, QTL, rice
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Competing Claimson Natural Resources: the Role of (Plant)
Science

KEN GILLER
Wageningen University, Plant Production Systems, Department of Plant Sciences, The
Netherlands

Competing claims on natural resources become increasingly acute, with the poor be-
ing most vulnerable to adverse outcomes of such competition. A major challenge
for science and policy is to progress from facilitating univocal use, to guiding stake-
holders in dealing with potentially conflicting uses of natural resources. The devel-
opment of novel, more equitable, management options that reduce rural poverty is
key to achieving sustainable use of natural resources and the resolution of conflicts
over them. Here we describe an interdisciplinary and interactive approach for: i)
the understanding of competing claims and stakeholder objectives; ii) the identifica-
tion of alternative resource use options, and,; iii) the scientific support to negotiation
processes between stakeholders. Our aims are to contribute to develop new inter-
disciplinary methods, to design new options and conflict resolution among multiple
groups of stakeholders, and to develop policy interventions that simultaneously im-
prove livelihoods and the sustainable use of natural resources. Research is being
conducted in southern Africa, a region characterised by heterogeneous and highly dy-
namic resource uses. A comparative approach is used to examine the different drivers
of resource use dynamics and the interacting claims of multiple stakeholders on these
resources. The methodological approach not only seeks to describe and explain re-
source use dynamics and competing claims, but also to contribute actively to nego-
tiation processes between stakeholders operating at different scales (local, national,
regional and global). It will explore alternatives that can contribute to more sustain-
able and equitable use of natural resources, and, where possible, design new technical
options and institutional arrangements. In this paper | will specifically focus on the
role of research on plant production systems within the broader debates on livelihoods
of people in marginal areas and exploitation of natural resources.

Keywords. Alternative resource use, livelihoods
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Resources Use Optimisation in Main Food Legume Crops
Production in River Nile State (RNS) of Sudan

ELGILANY A. AHMED!, HAMID H.M. FAKI2, HASHIM A. ELOBEID®
IMinistry of Science and Technology, Agricultural Economics Research and Policy
Center, Sudan
2Ministry of Science and Technology, Sudan
3University of Khartoum, Faculty of Agriculture, Sudan

In Sudan, the tenants have embraced numerous crops in order to intensify production
In an attempt to improve home food security and income. Seasonal legume crops are
regarded as essential crops within the crop combination in RNS namely, faba beans,
kidney beans and chick peas. They are a major part of the daily diet for the Sudanese.
Moreover, they play an important role in sustaining the productivity of the farming
systems through the fixation atmospheric nitrogen. The RNS is considered as one of
the main supplier of legume crops to the country. The crops are commonly produced
under pump irrigation from the River Nile. The production of seasonal legume crops
in the State are faced by numerous constraints namely inefficiency of resource use,
low level of productivity and high cost of production. The paper aims to optimise the
available resources use in Winter seasonal crops vis-a-vis food legume crops produc-
tion. It was on this basis that a paper was prepared out in RNS to establish resource
combination levels that maximise gross margins from food legume crops that com-
monly grown within the combination. Primary data was collected by using structured
questionnaire for (70) randomly selected respondents. A linear programming tech-
nique through the General Algebraic Modelling System (GAMS) programme was
used to assess the optimally combining resources in seasonal legume crops. The
model results revealed that tenants would get higher returns by allocating more re-
sources namely land, water, labour and capital to the food legume crops production.
Higher net benefits would be from food legume crops production and least from ex-
clusion them. The RNS tenants should therefore, be guided on how to optimally and
efficiently utilise their resources and be encouraged to grow food legume crops that
give production and yield advantages, earn high returns and contributed significantly
to farm sustainability and alleviates malnutrition in RNS.
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| mpacts of Technological Change on Crop Residue M anagement
and Livestock Feeding in the Indo-Gangetic Plains

NiLs TEUFELL, OLAF ERENSTEIN?, ARINDAM SAMADDAR?
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2International Maize and Wheat Improvement Center (CIMMYT), India

The slow-down in yield growth of rice and wheat in the Indo-Gangetic Plains of South
Asia has been linked to soil degradation. Conservation Agriculture based Resource
Conserving Technologies have been identified as suitable interventions. Especially
zero-tillage in winter wheat has already found wide-spread adoption in more progres-
sive areas of northwestern India and is actively promoted elsewhere. However, year-
round zero-tillage systems demand more residue retention in the form of mulch than
conventional systems to improve soils. This might affect livestock feeding, which re-
lies heavily on residues as the most important feed component over most of the year,
with wheat straw being preferred in the Northwest and rice straw in the East. Results
from smallholder farming systems surveys indicate the importance of harvesting tech-
nologies, mainly the increased use of combine harvesters for both cereals, in regard
to availability and management of residues. In contrast to traditional manual harvest-
ing and stationary threshers, combine harvesters spread straw over the field making
it more difficult to collect the straw for feeding. Thus, machines for collecting wheat
straw from the field and chopping it are becoming popular, indicating the continued
importance of straw as livestock feed. Still, many farmers burn the remaining stubble
and mulch during land preparation even when using zero-till drills. This indicates
that currently farmers are not yet satisfied with the prevailing technology when seed-
ing into significant residue amounts. While the mechanisation of cereal harvesting is
a major determinant of changes in straw management, the level of residue retention
in wheat fields as mulch is further influenced by the availability and perception of
suitable zero-till seeding technology. In regard to straw feeding, the use of straw col-
lection machinery implies additional costs and presents trade-offs in terms of straw
recovery and quality, but so far there is little evidence that this has altered feeding
patterns.

Keywords. Conservation agriculture, crop-livestock interactions, India, residue man-
agement
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Natural Resource M anagement and Food Security in the
Alaknanda Basin of Garhwal Himalaya, India

VISHWAMBHAR PRASAD SATI
HNB Garhwal University, Department of Geography, India

This paper examines the natural resources conditions and food security in the Alak-
nanda Basin of Garhwal Himalaya. The availability of natural resources in the forms
of flora, fauna, water, soil, and feasible agro-ecological conditions is abundant; yet,
these resources are not utilised optimally. Furthermore, irrational exploitation and
over utilisation of natural resources has resulted in considerable amounts of soil ero-
sion, nutrient loss, and environmental degradation in the highlands and silting of river
beds causing floods, loss of property and life in the lowlands. Agriculture is based
upon the centuries old practices, carried out mainly on the narrow patches of terraced
field, and dominated by intensive cereal farming. The outcome from the cultivation
of cereal crops is not sufficient for food security and even the populace struggle for
availing two times meal at several times. Forest resources are abundantly found as
above 60 % land is covered by forest. Similarly, the region is rich in terms water re-
sources. The Alaknanda and its sub-systems provide abundant freshwater. Enhancing
and diversifying livelihood options from the available natural resources such as culti-
vation and off-season vegetables, medicinal plants, apiculture, and fruits according to
environmental conditions, slope aspects, and elevation, forest based non-timber prod-
ucts, promotion of eco-tourism as plenty of natural, cultural, and historical places are
located here, and construction of small scale hydroelectric plants, will secure liveli-
hood. The main objective of the paper is to identify the availability of natural re-
sources and their optimal utilisation, which could maintain food security. Data were
gathered mainly from primary sources and participatory observation method was used
for discussion of data.

Keywords:. Cereal farming, food security, Garhwal Himalaya, natural resource man-
agement
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Evaluating Crop Substitution: An Empirical Approach Involving
Sugar cane, Soybean, Beef and Corn

GERALDO DA SILVA E SouzAl, ELISEU ROBERTO DE ANDRADE ALVES?,
ELIANE GONCALVES GOMES!, ROSAURA GAzzoLAl, RENNER MARRAL
1Brazilian Agricultural Research Corporation (EMBRAPA), Secretariat for Management
and Strategy, Brazil
2Brazilian Agricultural Research Corporation (EMBRAPA), President’s Office, Brazil

With the objective of evaluating the relationship between the relative use of Brazilian
agricultural areas in the production of soybean, beef, corn and sugarcane as a func-
tion of relative prices and other economic constructs, we fit an econometric model in
the Cobb-Douglas family. The empirical exercise is of importance in actual Brazil-
lan context, where drastic changes are envisioned for the agricultural profile of the
country, in response to the potential world increase in demand for bio fuels and the
likely increase of the area cultivated with sugarcane. We observe that during the pe-
riod (1994-2005), soybean and corn prices dominate the prices of the other products.
Important variations of relative prices were only observed for the pair soybean-corn.
The statistical analysis indicates that an increase of 1% in the relative price of soy-
bean relative to sugarcane implies an expected increase in area of 0.01% in favour
of soybean. In regard to the relative areas of pasture and sugarcane as a function of
the relative prices of beef/sugarcane we did not find a clear increasing linear relation.
Relative to the coefficient of corn/sugarcane one can infer that an increase of 1% in
the relative price of corn in relation to the price of sugarcane, would lead to an incre-
ment of 0.05 % in the area planted with corn relative to sugarcane. For the relationship
between soybean and pasture we estimate that a 1 % of increment in the relative price
of the soybean in relation to the price of beef leads to an increase of 0.06 % in the
planted area of soybean in relation to the area of pasture. For the combination soy-
bean-corn we infer that a 1 % of increase in the relative price of the soybean in relation
to the price of the corn will cause a significant increase of 0.94 % in the relative area
in favour of soybean. It is concluded from the analysis, in general, that there is not
enough past evidence to infer significant changes in crop areas relatively to the status
quo in regard to changes in relative prices.

Keywords. Beef, corn, sugarcane, soybean, substitution effects of crop areas, substi-
tution elasticities
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Rhizobium Systemically Suppresses Root Colonisation by the
Arbuscular Mycorrhizal Fungus Glomus mosseae in the Rhizobial
Non-Host Plant Barley
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2Sun Yat-Sen (Zhongshan) University, State Key Laboratory of Biocontrol, School of Life
Sciences, China
3Estacion Experimental del Zaidin, Spanish Council for Scientific Research (CSIC), De-
partamento de Microbiologia de Suelos, Spain

Rhizobial bacteria and arbuscular mycorrhizal fungi (AMF) can form mutualistic
symbioses. Both symbionts improve the nutritional status (nitrogen and phospho-
rus) of their host in exchange for assimilates provided by their host and thus, promote
the growth of many crop plants.

Whereas more than 80 % of all land plants are hosts for AMF, the host range of Rhizo-
bium is limited (leguminoseae). In legumes it has been shown that application of Nod-
factor to one side of a split-root system or pre-inoculation of one side of a split-root
system with Rhizobium systemically suppresses AM root colonisation on the other
side.

In the present work, we tested whether a similar effect can be observed with the
non-legume barley (Hordeum vulgare L. cv. Xanadu). Application of nod-factor
to one side of a split-barley root system systemically reduced AM root colonisa-
tion on the other side. Application of one of the following mutant rhizobia strains
(NGR234.GMS, NGRQrhcN, NGR&ANodABC and NGRANodD1), which are com-
pletely or partially deficient in nod factor production, to one side of a split-barley root
system, resulted in a similar systemic reduction of AM root colonisation as observed
with nod factor.

In presence of rhizobia the levels of salicylic acid (SA), an endogenous molecule in
plant defence, were increased in barley roots.

Our results indicate that rhizobia are perceived by non-legumes in a similar way as
by legumes and similar regulatory mechanism are activated. There are at least two
different perception ways: one is activated by nod factor whereas another is Nod
factor independent.

Keywords: Arbuscular mycorrhiza, Rhizobium, nod factor, barley, systemic effect
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Yields of Organically Produced Vegetablesin the Cool-Dry and
Hot-Wet Season in Tropical Taiwan

PETER JUROSZEK, HSING-HUA TsAlI
AVRDC - The World Vegetable Center, Crop and Ecosystem Management Unit, Organic
Vegetable Program, Taiwan

Information on potential yields of organic vegetables grown under tropical climatic
conditions is important for researchers to evaluate the opportunities and constraints
of developing organic vegetable production systems in the tropics. Decision makers
in agriculture also benefit from knowing about the conditions under which organic
production can be a viable alternative to conventional production systems.

In 2006 and 2007, we conducted variety evaluation experiments to gain preliminary
results on yield potential in several economically important vegetable crops under
organic farming conditions in tropical Taiwan. In these on-station experiments, we
achieved high yields and good quality under organic farming conditions in the open
field. Results indicated that marketable yields of cucumber (up to 85.9tha-! , 20-25
times hand picked dependent on variety), sweet pepper (up to 45.6tha), and tomato
(up to 57.6 tha™t) were similar to the marketable yields achieved in previous AVRDC
field experiments using conventional farming techniques. However, the yield potential
of the vegetables was dependent on variety, transplanting date and growing season.
For example, the yields of sweet pepper transplanted in November (cool-dry season)
compared to March (hot-wet season) are lower in our field experiments may be due
to suboptimal temperatures, which can weaken the plants’ growth and natural defense
mechanism against pests. In contrast, the total (up to 70.9 %) and marketable (up to
59.9%) yield of tomato was greatly reduced when transplanted in March (hot-wet
season) compared to October (cool-dry season), a phenomenon usually also found in
conventional production systems. Tomato entry PT4727 of determinate growth type
bred at AVRDC reached also in the hot-wet season an acceptable total (65.3tha™) and
marketable (40.8tha1) yield. PT4727 combines both virus resistance and presumably
heat tolerance, two important traits necessary for successful tomato production during
the hot-wet season.

The relatively high yields achieved on-station with superior varieties under favourable
growing conditions in tropical Taiwan may encourage farmers and agricultural stake-
holders to consider organic farming approaches as a viable alternative to conventional
farming systems, and may prompt more institutionalized research on organic farming
In tropical countries.

Keywords. Cucumber, sweet pepper, tomato, transplanting date, variety,
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| ncreasing Income by Improving Marketing Strategies for Small-
Scale Organic Vegetable Farmersin Tanzania

SHILPI SAXENA
AVRDC - The World Vegetable Center, Regional Center for Africa, Tanzania

There is a growing demand for organic agricultural produce in and from Africa, lead-
ing to income generating opportunities for farmers all over Africa. This includes
vegetable produce. Despite the rise in demand, the domestic market for organic veg-
etable produce has not been developed. Small-scale farmers who do practice organic
agriculture in Africa find export markets in the US and the EU more attractive than
domestic markets. However, it is risky for small-scale farmers to rely solely on the
export sector. Domestic and regional markets in Africa can be good fallbacks.

No detailed research has been conducted on organic vegetables for the African mar-
ket. Most research has been geared towards export opportunities for East Africa.
Local NGOs that teach small-scale farmers organic agricultural practices do not ex-
plain to farmers how to efficiently market their organic produce. There are numerous
constraints in the supply chain from the farm gate to the consumer.

This project assesses constraints in the supply chain to explore better marketing strate-
gies for small-scale organic vegetable farmers in order to improve their income. The
project has collected data from a questionnaire survey in northern Tanzania in February-
March 2008 of more than 200 small-scale organic vegetable farmers, about 50 whole-
salers, middlemen, and retailers in the intermediary sector, and more than 200 con-
sumers on aspects of organic vegetable production such as volume, prices, uses, trans-
portation to the market, marketing difficulties, selling points for the main products,
main customers, awareness of organic vegetables by market supply chain actors and
consumers, and consumers’ willingness to pay for organic vegetables. The consumers
were chosen by stratified sampling (by income and location), mainly at supermarkets
and organic shops, latter additionally in Dar-es-Salaam.

Keywords. domestic markets, marketing strategies, organic agriculture, organic veg-
etables, small-scale farmers, Tanzania

Contact Address. Shilpi Saxena, AVRDC - The World Vegetable Center, Regional Center for Africa,
P.O. Box 10 Duluti, Arusha, Tanzania, e-mail: shilpi.saxena@worldveg.org

146



Organic matter, microorganisms and organic farming principles — Oral Presentations

| FOAM'’s Comprehensive I nfor mation Package on Development
Optionsfor Countries with an Emerging Organic Sector

ANNA WISSMANN
IFOAM, International Projects Department, Germany

In various countries and regions where the organic agriculture sector is emerging,
governments as well as private-sector organisations and institutions are looking for
competent advice on how to develop the sector. In November 2003, IFOAM’s Gov-
ernment Relation Committee organised an informational event in Bangkok for offi-
cial government representatives from Asian countries who were working on national
standard-setting and national regulations. The interest was substantial, and a lack of
comprehensive information and knowledge about the most important procedures and
challenges was obvious.

Within the frame of the 1-GO Il program, IFOAM is supporting the development
of emerging organic sectors in Developing Countries. Besides the establishment of
IFOAM Information Points in selected regions, the objective is to facilitate the de-
velopment of emerging organic sectors through the provision of a comprehensive in-
formation package. This information package includes recommendations on possible
options for governments, the private sector, development agencies and consultancies
on how to achieve a sustainable development of the sector. The recommendations are
the result of analytical cases studies, reflecting experiences from various countries,
selected to show different situations in different stages of development with varia-
tions regarding market conditions, regulations, political framework, structure of the
organic sector, and geography. Each case study is analysed with a focus on the fol-
lowing topics:

e Best practices for organic policy development

e Market development:

- Standards, regulations and certification

- Consumer awareness

¢ Role of and relationship between different partners, esp. in public-private
partnerships

e Extension and training

As an additional element of the information package, guidelines for the whole pro-
cess of developing the emerging organic sector have been developed. Publications
addressing all aspects of this process are being made available through a new online
resource on the IFOAM website.

Keywords. Development options, extension and training, market development, or-
ganic agriculture, policies, public private partnerships
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Analysis of the Costs of Organic versus Fair Trade Certification in
a Smallholder Association in Brazil

FABIAN FALKENHAGEN
University of Hohenheim, Tropenzentrum, Germany

Organic Farming and Fair Trade are two agricultural production systems that have
shown to be a valuable alternative for smallholders to gain access to international
markets, as both systems are well adapted to low-input agriculture and allow for group
certification.

This case study explores the potential of Fair Trade and organic certification in a
Brazilian smallholder association and is carried out as a part of the project Family
Agriculture, Agroeocology and Markets of the Konrad-Adenauer-Foundation. It fo-
cuses on assessing the economic profitability of the two types of certification by cal-
culating the profit margin of cashew production. As a secondary objective, this study
lays the groundwork for setting-up an Internal Control System (ICS) within the asso-
ciation, by identifying Critical Control Points (CCPs).

Data on the production system and the involved costs along the cashew value chain
are gathered by interviews with (1) selected producers to account for different pro-
duction systems, (2) owners of the processing units and (3) key persons from the
administration of the association. Thus, the profit margin can be calculated at each
link and finally for the cashew value chain. The interviews will also serve to identify
CCPs within the production. Additionally, certification agencies, practitioners and
extension workers are consulted to further disclose costs and challenges related to the
certification.

As a result, four scenarios are presented; business-as-usual without any certification,
organic certification, Fair Trade certification and both organic and Fair Trade certifi-
cation. The costs and benefits that are induced due to changes in the production of
cashew vary from one scenario to the other. Thus the association can choose from
one of the presented scenarios, which, considering the unique conditions of all its
members, seems to be economically and organisational most favourable. Finally, this
study will address the challenges faced during certification, especially during its early
stage.

Keywords:. Fair trade, family agriculture, group certification, internal control system,
organic agriculture, profit margin, low-input agriculture
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Collabor ative Research in Food Machinery Development: An
Option for Minimising Post Harvest L ossesin Africa

B. A. ADEWUMI

The Federal University of Agriculture, Department of Food Science and Engineering,

Nigeria
Africa is an agrarian continent with very large production of all forms of agricultural
material. Africa is abundantly rich in land, water, crop and forest resources. Unfor-
tunately, a high percentage of the raw agricultural materials produced in Africa are
lost during post harvest handling. The agricultural produce are also sold or imported
at very cheap prices because they are not processed to final products. It is essential
to add value to agricultural produce and minimise post harvest losses by the use of
modern machines and equipment.
Machines and machinery for processing agricultural produce to finished products are
not produced at commercial level within Africa. They are only found in large scale
industries and a few medium scale industries where they are mostly imported at ex-
orbitant cost and managed by expatriates. Whereas, most entrepreneurs in Africa
only have capacity for small scale industry and cannot afford imported equipments.
Collaborative research efforts are therefore essential to develop food machinery for
Africa. Some efforts are made to manufacture few machines in some African coun-
tries for processing of agricultural materials primary or intermediate products. The
performance of such machines needs to be optimised and the manufacturing technol-
ogy also needs to be improved to enhance profitable commercialisation. Machines to
process agricultural produce to secondary or finished products are scarcely developed
within Africa and more required since they added value and improve the storability
and shelf life of food and agricultural materials.
The paper high-lights some of the collaborative efforts made so far in the development
of food machinery in Africa and identifies some essential secondary food processing
machinery required to minimise post harvest losses and add value to the agricultural
and food materials which will lead to a positive growth in the agricultural and food
industry in Africa.
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Among the top litchi (Litchi chinensis) producing nations is Thailand, where litchi
revenues are significant for local economies as well as the national economy on the
global stage. Growers there are mostly small holders in the North, where marketing is
almost exclusively under the control of middlemen and processors. Litchi is a highly
perishable and seasonal crop requiring post-harvest preservation. It is generally sold
fresh, with canning as the most common preservation method.

Drying is a practical conservation technique only recently applied to litchi in Thailand,
where both wood- and petrol-fuelled cabinet dryers are used. Unsaturated markets for
dried litchi offer great opportunity for expansion, but lack of appropriate knowledge
hinders development. So far, current operations have not been optimised concerning
performance, product quality and consumer acceptance.

This study proposes guidelines for the optimisation of the current litchi drying sys-
tems via inventory and comparative analysis of drying facilities in the greater Chiang
Mai area. Semi-structured questionnaires were applied to investigate the procedures,
equipment, and scale of facilities. Monitoring of the processing procedures and dry-
ing conditions, including temperature, relative humidity, air pressure, air velocity,
and energy consumption provided a technical performance evaluation of the facilities.
Analysis of final product samples, including colour, moisture content, water activity,
pigments, vitamin C and sugar content provided quantitative quality measurements.
A sensory evaluation was also applied to assess consumer acceptance of the products.
The retrieved information, organised in a database, allows for the characterisation of
the litchi drying sector in northern Thailand. The guidelines for optimisation were
obtained by correlating the documented drying procedures with the final product’s
physical, chemical and sensorial attributes.

Keywords:. Dried product quality, drying system optimisation, fruit drying, moisture
content, sensorial evaluation
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Evaluation of Processing Parametersfor Hot-Air Dryingto Obtain
High Quality Dried Mushroomsin the M editerranean Region

DIMITRIOS ARGYROPOULOS, ALBERT HEINDL, JOACHIM MUELLER
University of Hohenheim, Institute of Agricultural Engineering, Tropics and Subtropics
Group, Germany

Mushroom is an important commaodity in the Mediterranean region and appreciated
for its delicacy, nutritional and medicinal characteristics. In Greece, approximately
1150 species of fungi have been identified as mushrooms and at least 400 species
have shown various degrees of edibility. In mountain and hilly areas, mushroom for-
aging followed by picking, cooking and eating is not only a recreational habit but
also a source of a seasonal income for the local population. Owing to Mediterranean
climate, the seasons are wet with mild temperatures in spring and autumn favouring
suitable environmental conditions for fungal growth. Specifically, Epirus and West
Macedonia regions located in northwestern Greece have a large potential of various
wild-growing mushrooms for production and consumption. However, fresh mush-
rooms are highly perishable commaodities with short shelf life and their commerciali-
sation becomes difficult. Among the various techniques employed for the preservation
of mushrooms, drying seems to be an effective approach to enhance storability and
ensure distribution.

The aim of this study was to investigate the drying behaviour of mushrooms and to
evaluate the effect of drying parameters on quality in terms of colour, texture and
rehydration capacity. Prior to drying, button mushrooms were soaked in a solution
of 0.25% potassium metabisulfite and 0.1 % citric acid for 5 min at room temper-
ature. Treated mushroom slices were dried in a through flow laboratory dryer at
Hohenheim University in Stuttgart, Germany under industrial drying temperatures
(30/60°C, 60° C, 80/60°C and 80°C) maintaining 10.0gkg~! of absolute humidity
and 0.9ms~! of air velocity. Trials were carried out at 15 and 20gkg~! absolute
humidity maintaining a temperature of 60°C to examine the effect of relative humid-
ity. The results indicated that the air temperature and slice thickness were significant
factors affecting the drying characteristics of mushrooms. Quality was negatively
affected by higher temperatures and duration of the drying process. Stage drying at
30/60 °C showed improved quality characteristics. Additionally, hot-air dried samples
were compared with those dried by freeze drying and the combination of microwave-
vacuum and hot-air drying. Freeze drying gave superior quality products while the
combined technique produced a unique texture property.
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Drying of Lemon Balm (Melissa officinalisL.) using Stepwise
Process Control

SANDRA PATRICIA CUERVO, OLIVER HENSEL
University of Kassel, Agricultural Engineering, Germany

In this work the method of stepwise drying of medicinal plants is presented as an al-
ternative to the conventional drying that uses a constant temperature during the whole
process. The objective of stepwise drying is the decrease of drying time and en-
ergy saving. In this process, apart from observing the effects on saving process time
and energy, the influence of the different combinations of drying phases on several
characteristics of the product is considered. The tests were carried out with Melissa
officinalis L. variety citronella, sowed in greenhouse. For the stepwise drying process
different combinations of initial and final temperature (30/40°C, 30/50°C, 30/60°C,
40/50° 40/60°C, 50/60°C, 50/30°C) are evaluated, with different transition points as-
sociated to different moisture contents (20, 30, 40 % and 50 %) of the product during
the process. To determine the colour changes a Chroma-meter® device is used that
carries out the colourimetric evaluation of colour coordinates and colour differences
by means of the CIELAB colour space, in accordance with the norm DIN 6174. As
reference for the colour change the measurement of the colour of the fresh product is
used. The CIELAB coordinates of the reference colour is compared with the coordi-
nates of the colour of the product after being exposed to the stepwise drying process.
Drying curves were obtained to observe the dynamics of the process for different com-
binations of temperature and points of change, corresponding to different conditions
of moisture content of the product. Finally it was found that combinations of temper-
atures beginning with high temperature are not advisable since they produce severe
changes in the colour that affect negatively the final quality of the product diminishing
their commercial value.

Keywords: Drying process, lemon balm, medicinal plants, Melissa officinalis, step-
wise drying
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Drying Kinetics and Colour Change of Mango Slices as Affected
by Drying Temperature and Time

EL-AMIN OMDA MOHAMED AKOY?!, DIETER VON HORSTEN?, WOLFGANG
LUECKE?
LUniversity of Zalingei, Agricultural Engineering, Sudan
2Georg-August-Universitat Gottingen, Institute of Agricultural Engineering, Germany

Thin-layer drying behaviour of mango slices (var. Kent) was investigated in a lab-
oratory scale dryer, using heated ambient air temperatures of 60, 70 and 80°C at a
constant air velocity of 1.5ms and 3mm slice thickness. Besides the effects of drying
air temperature on the drying characteristics, drying time and quality of dried prod-
ucts were determined. Drying curves obtained from the experimental data were then
fitted to three well-known semi-empirical thin-layer drying models (Lewis model,
Page model and Henderson & Pabis model). Model constants and coefficients were
determined by nonlinear regression method. All the models were compared accord-
ing to statistical parameters. Among the drying models investigated, the Page model
satisfactory described the drying behaviour of mango slices. The effective moisture
diffusivity varied from 4.97 x 1010 to 10.83 x 1010 m?/s. Results indicated that dry-
ing took place in the falling rate period. The results have shown that, increasing air
temperature causes shorter drying times. The combined effect of drying temperature
and time on colour and re-hydration ratio were also evaluated. The colour was mea-
sured from the surface and expressed in the Hunter L*a*b* system. Moreover, the
total colour change (AE), chroma (colour saturation), hue angle and browning index
(B1) were determined. L* and b* parameters were found to decrease as affected by
drying temperature and drying time, whereas a* parameter increases. Results also in-
dicated that drying time has significant effect on colour change and rehydration ratio.
The lowest total colour change and highest rehydration ratio were obtained at drying
air temperature of 80°C then 70°C and finally 60°C with drying time of 3, 5 and 7
hours, respectively. In contrast to common practice, drying at elevated air tempera-
ture (80°C), instead of 60°C for a longer time, was optimal, since significant colour
changes of mango slices were not observed. Moreover, at increased temperature, dry-
Ing time was considerably shortened from about 7 h to 3h, resulting in significant
extension of drying capacity.
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Appropriate Harvesting Time and Threshing Procedure
Guarantee Enhanced Grain Yield of Sesame
(Sesamum indicum L.)

VICTOR OLOWE!, O.0. ADENIREGUN?
LUniversity of Agriculture, Research and Development Centre, Nigeria
2University of Agriculture, Department of Plant Physiology and Crop Production,
Nigeria

Sesame (Sesamum indicum L.) is an ancient tropical oilseed crop with a wide range
of application in food and chemical industries. About 99 % of sesame produced in
the world is harvested manually. Consequently, estimates of up to 50 % seed loss
during harvest and post harvest handling have been recorded for sesame. This huge
loss occurs when cutting/uprooting mature plants on the field and moving them to a
shocking fence or to a threshing floor. Therefore, this study was aimed at determining
the grain yield of sesame harvested at physiological maturity (PM) as influenced by
time and frequency of threshing. The study was carried out in 2006 at the Teaching
and Research Farm of University of Agriculture, Abeokuta (7°15°N, 3°25°E, 140 m
above sea level) in the forest-savannah transition zone of southwest, Nigeria. The test
variety was var. E8 (an improved early maturing variety). At PM, sesame plants for
all the treatments were cut and arranged in bundles and later placed against a fence
comprising of two horizontal poles. Five treatments: T1- Control (plants threshed
once at one week after harvest, WAH, T2- plants threshed twice at 1 and 2 WAH,
T3- plants threshed twice at 2 and 3 WAH, T4- plants threshed twice at 3 and 4
WAMH and T5- plants threshed twice at 4 and 5 WAH. The treatments were laid out in
randomised complete block design and replicated three times. Sesame threshed twice
at 3 and 4 WAH recorded the highest grain yield (861 kg ha') and was significantly
higher than the remaining treatments with the control producing the lowest yield of
261 kg hal. This suggests that sesame harvested at PM should be adequately dry to
release the seeds in the capsules when threshed at 3 and 4 WAH. Details of the various
harvesting procedures are discussed in the paper.

Keywords. harvesting time, seed loss, sesame, threshing frequency

Contact Address. Victor Olowe, University of Agriculture, Research and Development Centre, Ala-
bata Village, Abeokuta, Nigeria, e-mail: owebaba@yahoo.com

156



Post harvest technology and quality - a neglected relation — Posters

Experimental Results of Essential Oils Extraction from Herbs
using Solar Energy

ANJUM MUNIR, OLIVER HENSEL
University of Kassel, Agricultural Engineering, Germany

With the increasing population and industrialisation, there is need to cut down the
load of fossil fuels and to reduce environmental pollution. A large part of industrial
process heat lies from low to medium temperature range which can be supplied by
solar energy. The promotion of small scale agro-based industries by using innovative
solar collectors can open new landmarks in rural development especially in tropical
countries. The results of solar distillation are involved in “LILAC” project to pro-
mote agro-based industries. Essential oils are used in medicines, food, fragrances,
perfumery and cosmetics and their extraction from herbs is one of the medium tem-
perature agro-based industries that can play a vital role in promoting agriculture and
farmer’s living standard. Scheffler concentrator was used for solar distillation system.
The system was installed at solar campus, University of Kassel, Witzenhausen to avalil
fresh supply of different herbs. The system comprised of a paraboloidal type primary
reflector (8 m? aperture area), secondary reflector (0.343m?), steel boiler, condenser
and Florentine flask to separate the essential oils from hydrosol. Scheffler concentra-
tor tracks the sun beam radiations by simultaneous rotation about two axes to focus on
a stationary receiver. The solar distillation system was also equipped with Pyranome-
ter and thermocouples to record real time data. The paper describes the development
and experimental results of solar distillation system. In the first phase of the research,
several trials were made to evaluate the performance of the system. Within the solar
radiations range of 700-800 W m2, the receiver temperatures were recorded between
300-400°C. Several water boiling tests were conducted in sensible and latent heat
range at different column heights to test the system suitability for distillation of es-
sential oils. In the average range of solar radiations of 739, the average power was
found to be 1.58 kW and distillation system efficiency was found to be 26.79 %. Dif-
ferent herbs like melissa, peppermint, lavender, fennel seeds, cumin, basil and cloves
buds were used for solar distillation. The results of solar distillation were found sim-
ilar to laboratory results showing that solar distillation can be successfully used for
extraction of essential oils.
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| nvestigation of Optimal Thermal Parameters During Distillation
of Essential Oilsfrom Herbs

ANJUM MUNIR, OLIVER HENSEL
University of Kassel, Agricultural Engineering, Germany

Essential oils and aromatic plants have long been used throughout the world in foods,
fragrances, perfumery, cosmetics and medicines. In the last decade, these potent natu-
ral remedies have gained enormous popularity in industrialised countries particularly
in the multi-million-dollar aromatherapy business. Different methods like distilla-
tion, cold expression and solvent extraction etc are used for essential oils extraction.
Out of all these methods, distillation methods have advantage of extracting more re-
fine essence of the plant materials and herbs by evaporating volatile material. Due
to complicated and sensitive thermal processes, distillation techniques are only lim-
ited at commercial scale. The main object of the paper is to develop simple and best
methodologies for easy adaptation of these techniques. The trials are involved in the
“LILAC” project investigations and possibilities to promote small scale agro-indus-
trial processing. The laboratory apparatus comprised of electric heater of 250 watts,
round glass boiler having 2 liters capacity, glass still tube, condenser and Florentine
flask. The laboratory experiments were carried out with the help of insulated glass
distillation unit. In each experiment, 100 gram of the herb material was used. The
energy consumptions of different herbs for water and steam distillation were deter-
mined with the help of energy meter. The optimal thermal and physical parameters
were recorded for different herbs. The process curves for different medicinal, culinary
herbs were also drawn against different energy levels and compared. The heat ener-
gies required to extract one ml of essential oil of cloves buds, fennel, cumin, melissa,
patchouli, cassia, orange peels, lavender, peppermint were found to be 0.19, 0.75,
050, 4.44, 4.01, 2.22, 4.15, 2.95, 3.33 kWh respectively. It was also concluded that
fresh herbs gave better extraction results with comparatively low process heat require-
ment. Consequently, these results are helpful in adaptation of distillation technology
at commercial scale.
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I ntegration of Calneem QOil and Habrobracon hebetor (Say)
(Hymenoptera: Braconidae), a Parasitoid of Pyralid M oths,
against Corcyra cephalonica (Stainton) (Lepidoptera: Pyralidae)
in Stored Rice

CHARLES ADARKWAH!, CHRISTOPH REICHMUTH?, CARMEN BUTTNER?,
SABINE PROZELL3, MATTHIAS SCHOLLER3, MORDEN SHOPNA4, DANIEL
OBENG-OFORI®

IHumboldt-Universitat zu Berlin, Institute for Horticultural Sciences, Germany
2Federal Biological Research Centre for Agriculture and Forestry (BBA), Germany
3Biological Consultants Ltd., Germany

4Caldor Trading Ltd, NIA, United Kingdom

SUniversity of Ghana, Crop Science Department, Ghana

The worldwide growing demand for *clean food” and better ecological approaches to
pest control has been the stimulus for further research into the use of neem extracts to
control stored pests. Calneem is a new commercial product that was extracted from
the neem tree (Azadirachta indica). It is an oil extract from pure neem seed kernels
collected, crushed and used in Ghana against stored product pest insects. Calneem
Is a biopesticide produced and marketed in Ghana by AQUA AGRIC Community
Projects (AACP). Experiments were carried out in the laboratory to assess the com-
patibility of calneem oil and the parasitic wasp Habrobracon hebetor against Corcyra
cephalonica. 50 ml of cracked rice were placed in 1 I glass jars and 20 last instar
larvae of C. cephalonica were added. 10 freshly emerged adults of H. hebetor were
introduced into all the glass jars. Treatments comprised control grain without neem,
grain treated with only neem, grain treated only with H. hebetor and grain treated
with neem and H. hebetor. The calneem oil was applied as mixture in which the
oil was dissolved in water using soap as emulsifier. It was applied at four contents
(0.5% vlv, 1.0% viv, 2.0% v/v and 3.0% v/v) Each treatment was replicated four
times. The openings of the glass were sealed with a piece of cloth and rubber band
and then placed in a growth cabinet (temperature 25°C and 65-70 % relative humid-
ity). Progeny emergence was recorded in all the different treatments after 3 weeks. In
the samples that were not exposed to neem and H. hebetor, out of the 20 larvae of C.
cephalonica almost all developed into adults. The calneem dosages and H. hebetor
significantly reduced the emergence of C. cephalonica in all the treatments compared
to the control. Generally, the combination of neem and parasitoids was not more ef-
fective compared to one of these two treatments alone. The scope of the presented
results will be discussed.
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Utilisation-Orientated Harvest Time Decision: A Chanceto
Enhance the Marketability of Fresh Longan Fruits

MAREIKE REICHEL!, STEFANIE KIENZLE!, SYBILLE NEIDHART!, PITTAYA
SRUAMSIRI?, REINHOLD CARLE!?
LUniversity of Hohenheim, Institute of Food Science and Biotechnology, Plant Foodstuff
Technology, Germany
2Chiang Mai University, Department of Horticulture, Thailand

For farmers in northern Thailand, fresh longan fruits (Dimocarpus longan Lour.) play a key role
in income generation. However, due to their high perishability, the profit is often unsatisfactory,
with sale being limited to local markets and some export within Asia. To avoid decay and
browning, pre-treatments like sulphur fumigation are commonly used, but make the product
less suitable for international markets. Farmers must consider sustainable fruit production and
quality aspects to improve income security through enhanced marketability of fresh longans
and access to more distant export markets.

Customers from different markets request diverse sensory qualities for dessert fruits, which dif-
fer from quality standards for fresh fruits at processing facilities. Required shelf-life is depend-
ing on distribution and storage times needed. Since postharvest ripening of non-climacteric
fruit is impossible, the production of high-quality longans mainly depends on the selection of
proper raw material and harvest time decision.

The aim of this study was to investigate the levels of utilisation-orientated quality and shelf-
life that are achievable through proper physiological maturity without any further postharvest
treatment.

Longan fruits cv. Daw were obtained during harvest season 2007 from a research orchard in
northern Thailand. Five harvesting dates at regular intervals were chosen, covering the whole
harvest period. The maturity-depending initial fruit quality was evaluated on each harvesting
day for fruits of different size categories. For monitoring of shelf-life, all samples were stored
for 21 days at 5 °C and 90 % RH. A broad range of outer and inner fruit quality parameters was
regularly monitored, in addition to physiological and chemical indicators of senescence and de-
cay. Irrespective of harvest maturity, high perishability became evident by rapid changes in peel
properties, as observed after 3 days of storage. Further size-depending quality changes were
noticed after 8 and 13 days, respectively. Different stages of fruit decay and senescence were
detected for the longans of diverse maturity after 21 days. This information makes utilisation-
orientated harvest time decision more reliable for farmers and serves as basis for the develop-
ment of innovative concepts necessary for an appropriate postharvest handling of Sapindaceae
fruits.
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Host Specificity of Colletotrichum gloeosporioidesand
Botryodiplodia theobroma I solates from M ango, Papaya and
Rambutan and their Response to Trichoderma harzianum

SHANTHI WILSON WIJERATNAM, YASODHA DHARMATILAKA, DEEPTHI
WEERASINGHE

Industrial Technology Institute, Post-Harvest Laboratory, Food Technology Section,
Sri Lanka

Anthracnose (Colletotrichum gloeosporioides) and stem end rot (Botryodiplodia theo-
bromae) are the two most prevalent post harvest diseases that contribute significantly
to post harvest loss of Papaya, Mango and Rambutan in Sri Lanka. The problem is
compounded by the home garden system of horticulture practised in Sri Lanka. The
objective of this study was to test the ability of these pathogens to cause disease by
cross infection between crops and to provide information that would facilitate an in-
tegrated non chemical means of controlling post harvest loss due to disease. Thus
C. gloeosporioides and B. theobromae were isolated from respective disease carrying
mango, papaya and rambutan fruits. Pure cultures of each isolate were maintained
on Potato Dextrose Agar at 28°C. The antagonistic effect of a local isolate of Tricho-
derma harzianum was tested via in vitro bio assays against the above isolates. Host
specificity trials were conducted on mango (var. Karthakolomban) and papaya (var.
Red Lady) at the 10 % — 25 % stage of maturity and rambutan (cv. Malwana special
selection), at full ripe stage. Cross inoculation potential of isolates was confirmed
by testing the ability of the respective organisms to produce characteristic disease
symptoms when inoculated onto each of the above host tissue. Lesion diameter was
recorded over 5 days with fruits incubated at 28°C + 2°C. T. harzianum was ob-
served in vitro to be antagonistic to all isolates of the respective anthracnose and stem
end rot causing pathogens. While the three C. gloeosporioides isolates produced dis-
ease lesions on all hosts, respective isolates were observed to produce larger lesions
(diameter 2.9cm — 5.8cm) on their original host compared with the alternate hosts
(diameters 1.1 cm — 2.6 cm ). However, the three B. theobromae isolates were equally
effective in causing stem-end rot on the three hosts examined.

Keywords: Colletotrichum gloeosporioides, Botryodiplodia theobromae, host speci-
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An Automated Cassava Peeling Machinefor Large- Scale
| ndustries

OLAWALE JOHN OLUKUNLE!, OLUWATOYIN FOLAKE OLUKUNLE?
LFederal University of Technology, Department of Agricultural Engineering, Nigeria
2Federal University of Technology, Akure, Department of Microbiology, Nigeria

Rural-urban migration is a general phenomenon in Nigeria because of the concen-
tration of social amenities, industries and government agencies in the urban centres.
However, agricultural products which are raw materials for industries are obtainable
from the rural areas. The migration of a greater percentage of the workforce to urban
centres is limiting to the production of food and fibre in the rural areas. One way to
reduce rural — urban migration is to establish large scale industries in these areas.
The latter will promote (i) ready access to raw materials (ii) infrastructural develop-
ment (iii) translation of the once abandoned rural areas into a centre for commercial
activities.

In this study an automated cassava peeling machine for large scale industries was
designed, fabricated and made ready for commercial production. It was conceived
as a device for metering and peeling large quantities of cassava per unit time. The
machine impacts rotary motion on tubers, and through shear and/or abrasion effect
the required peeling of the tubers. Its major advantages include simplicity in design,
utilisation and maintenance and relatively cheap procurement cost. Its capacity offers
great advantage to large scale processors, farmers and other would be investors in
the area of cassava processing. The machine was fabricated from local materials
which consist of a tuber inlet, trimming device, tuber metering device, peeling tool,
7Hp Engine, outlet and protective hood. Tubers were presented in three categories of
both length and diameter. Tuber length was in the range of 20-25cm and diameter
of 8-10cm. Machine capacity was between 800 and a capacity of 1500kgh™ at
various crop and machine operational conditions. Minimum efficiency of 75.5 % was
recorded and peel retention was between 1.2 % and 15.2% depending on material
flow, tuber size and machine operational parameters.

It is believed that the adoption of this machine would reduce (i) post harvest losses of
cassava tubers and (ii) cost of production since this equipment could be stationed in
the rural areas. Employment opportunities would be enhanced and the general living
standard in the rural areas is expected to improve.
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Quality Evaluation of Gari Produced from Stored Cassava Chips

JOHN OLAJIDE, TOYOSI TUNDE-AKINTUNDE

Ladoke Akintola University of Technology, Dept. Food Science and Engineering,

Nigeria
Gari is a popular West African pregelled and dried granular starchy food traditionally
made from fermented cassava roots.It is a national staple food in Nigeria and other
West African countries.More than 70% (an estimated 34 million tonnes) of cassava
harvested annually in Nigeria is processed into gari. Cassava roots are highly perish-
able with a postharvest life of less than 72h. Consequently,the roots are left in the
ground after maturity and harvested when required for processing.This often results
in over maturity of roots with less starch yields and poor quality gari. Harvesting
cassava roots during the dry season is very difficult because of the hardness of the soil
consequentially resulting in escalation of prices during this period. These problems
can be minimised by utilisation of cassava chips, an intermediate shelf stable product
for gari production.
Cassava chips produced from cassava roots, IITA 94/0561 cultivar were stored for 6
months at a moisture content of 7 % (db). The chips were coarse milled and rehydrated
to 62.51% mash (db) and seeded at different levels with fresh cassava mash (5 %,
10% and 20%). The resulting mash was processed to gari after fermentation for
about 72h.
Selected chemical and physical analyses of the gari showed pH values of 4.31-6.48
and total titratable acidity of 0.043-0.080 (% lactic acid). The swelling index was
260-300% and gari yield ranged from 64.4%-72.3% and a yield value of 18.7 %
was obtained from fresh roots.
Sensory evaluation showed that 10 % level of seeding for cassava chips was adequate
for making traditional gari paste (eba) while 5% seeding for cassava chips was suit-
able for consumption as soaked gari at 5% level of significance.
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Study on Drying Cloves (Syzygium aromaticum) using Greenhouse
Effect Solar Dryer Integrated by Biomass Energy
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A study on drying cloves (Syzygium aromaticum) was conducted in Bogor, Indone-
sia, in November, 2008. The purpose of this study is to evaluate the performance of
GHE-hybrid dryer applying greenhouse effect mechanism and biomass energy to im-
prove drying air temperatures, and electricity to force the drying air. The GHE-hybrid
dryer tested is a deep bed crop dryer represented by 10 series of thin layers covered
by polycarbonate sheet. The dryer is supported by 2 axial fans and a biomass stove.
The biomass stove is equipped by 99 baffles functioning as heat exchanger. For each
drying batch of 1 cm thickness, the drying capacity is 144 kg of cloves. The temper-
ature of drying air from the collector varied between 28 and 52°C and cloves could
be dried in 42 hours (6 days) where drying process was run intermittence during the
day. Drying chamber temperatures varied in average between 36 to 46°C. The differ-
ent temperatures among 10 layers were from 3 to 12°C. Air velocity found in drying
chamber was in range of 0.04 to 2.09 ms™ by average of 0.68 ms™. Thermal effi-
ciency is found about 15 %, and drying efficiency is around 23 %. Based on the cloves
initial moisture content of 71.32 %, the energy specific found was 16.79 MJ per kg
of evaporated water. The energy input was dominated by the use of biomass energy
(75 %) since the research was conducted during the beginning of rainy seasons. Solar
energy contributed about 15 % and electricity shared about 10%. It was estimated that
due to the variation of temperatures, air velocity, and humidity in the drying chamber
the final moisture content wet basis varied highly from 0.2 % to 19.2 %.

Keywords. Biomass energy, cloves, solar dryer, greenhouse effect
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Response of Cane Quality to Some M anagement M eaures under
Northwest Sennar Conditions, Sudan

ABDALLA ELHAGWA
Agricultural Research Corporation (ARC), Land and Water Research Centre, Sudan

Field experiment was conducted at Northwest Sennar Cane Farm, Sudan during sea-
son 2003-2004 to evaluate the effect of soil type, cane-cultivars and phosphorus fer-
tilisation on cane quality. Dinder and Hagu soil series cultivated with CO-6806 and
CO-527 cane cultivars, fertilised with 4 levels of P were the treatments applied to the
experiment. The treatments were laid in split-split plot design. Pol %, brix %, purity
and fiber percentages were the quality parameters tested against the 3 factors and their
combinations. The effect of soil type on pol % was found to be significant (p < 0.05)
at 12 and 13 months crop age where as the cane cultivar had a significant (p < 0.05)
on pol % at 10, 11 and 12 months crop age. The effect of treatments on pol % was
significant (p < 0.05) at 10 months crop age. The interactions of the three factors
had no significant effect on pol% and brix % at the 4 tested ages. At 13 months age
the highest brix % (22.32 %) was obtained by CO-6806, Hagu soil and OP interact-
ing conditions. AS for fiber % the soil type was found to have a significant effect
(p< 0.05) on fiber % of cane and the lowest fiber % was achieved by OP treatment,
Hagu soil and CO-6806 cultivar interacting conditions.

From the indications of this study we can conclude that cane quality parameters are
significantly affected by cane management which is not contained in our sugarcane
research programme. Based on this it is recommended to include the response of cane
quality together with tonnage to different cane management.

Keywords. Sudan, sugarcane fertilisation, sugarcane quality
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Quality Deterioration and the Role of Rehabilitation of Cocoa
Production Chain in Nigeria

OPEYEMI ANTHONY AMUSAN!, AYORINDE OLUFAY0?, OLUSOLA ADUKE
AMUSANS3, PHILIP OGUNTUNDE?
LUniversity of Bonn, Agricultural Science & Resource Management in the Tropics and
Subtropics (ARTS), Germany
2Federal University of Technology, Agricultural Engineering, Nigeria
3University of Port Harcourt, Faculty of Social Sciences, Port Harcourt, Rivers State,
Nigeria

The goal of obtaining good income for cocoa (Theobroma cacao) cultivation is intrin-
sically connected to the sustainability of this sector. This on the other hand cannot be
realised without a well laid out plan to attain quality in all the various management
aspects in the long cocoa production chain. Over 90 % of Nigeria’s cocoa is produced
in the cocoa-belt of the southwestern Region which is located in the derived savannah
agro-ecological zone of Nigeria.
Many of the existing cocoa trees were planted under cleared or thinned primary forest
that was then in abundant supply. Reserves of suitable soils no longer exist and so
future cocoa plantings are likely to be on soils that have already been exploited, hence,
a downward trend is noticed in cocoa production. There is therefore need to search
reasons and make recommendation for improved cocoa quality management.
In this study, we investigate bio-physical, climatic and management factors of selected
cocoa farms in southwestern Nigeria and estimate their effect on the overall quality
in the cocoa production chain. We analysed 16 soil samples for basic cations, NPC
and pH. Information on factors affecting cocoa quality was elicited by interviewing
farmers from 60 households on their farm using standardised questionnaires.
We discovered certain nine (9) primary activities in the production chain that con-
tribute to overall quality of production as seed choice, nursery, transplanting, young
plantation, field production, harvesting, primary processing, storage - bagging, and
marketing. Primary processing, harvesting and seed choice are the first three activi-
ties with the highest percentage of contribution to cocoa quality. Restoration of cocoa
yield to its peak level is possible by systematic replacement of inferior trees.
We recommend a viable, well informed and well equipped extension service that
will enhance the practice of good husbandry, especially among the smallholder co-
coa farmers.

Keywords. Cocoa production, quality management, rehabilitation, Nigeria
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Deter mination of Saccharide Content in Octoploid and
Hexadecaploid Clones of Yacon (Smallanthus sonchifolius)

ELOY FERNANDEZ CUSIMAMANIL, VA VIEHMANNOVAL, JAROMIR LACHMANZ,
JANA ZAMECNiKOVAl, MIROSLAV BECHYNE!
1Czech University of Life Sciences Prague, Department of Crop Sciences and Agro-
forestry in Tropics and Subtropics, Czech Republic
2Czech University of Life Sciences Prague, Department of Chemistry, Czech Republic

Yacon [Smallanthus sonchifolius (Poepp. et Endl.) H. Robinson] is an Andean crop
cultivated for its tuberous roots which contain fructooligosaccharides (FOS), which
represent 70-80 % of root dry matter. The aim of the work was to determine the effect
of the ploidy level on the saccharide content in tuberous roots of yacon. The content
of soluble saccharides (saccharose, glucose, fructose and FOS) was determined by the
HPLC method in seven octoploids (2n=58; NZL I, NZL 11, BOL, ECU, DEU, PER 10,
PER 15/20) and one hexadecaploid (2n=116; Poly | —obtained experimentally by in-
duced in vitro polyploidisation from the clone NZL I), immediately after the harvest.
The ploidy level was determined by flow-cytometric analysis and karyological stud-
ies. Significant differences (p < 0.05) for the FOS, fructose and saccharose contents
were detected. Higher contents were detected in the hexadecaploid clone (FOS 12.74
g 100g* dm, fructose 4.60 g 100g™* dm and saccharose 1.93 g 100 gt dm) compared
to octoploid clone (average values: FOS 3.4 g 1009 dm, fructose 2.8 g 100g™* dm
and saccharose 1.16 g 100g* dm). Induced polyploidisation of NZL clone signif-
icantly increased saccharose content in tubers in comparison to control (NZL; FOS
more than 3 times, fructose 1.5 times). In addition to the total saccharose content, in
octoploid plants prevails fructose, glucose and saccharose, whereas in hexadecaploid
clone FOS. On the basis of gained results, we can assume that the saccharide content
in the tuberous roots of yacon depends on the ploidy level of the clones and the poly-
ploidy breeding can help to increase the oligofructosaccharide content in the tuberous
roots.

Keywords. Flow cytometry, fructooligosaccharides, hexadecaploid, octoploid, Smal-
lanthus sonchifolius, tuberous roots
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Optimising the Use of Near Infrared Reflectance Spectroscopy
(NIRS) to Predict Nutritional Quality in Cowpea
(Vigna unguiculata) L eaves for Human Consumption

ERICK KIBET TOWETT!, MERLE ALEX?, CHRISTIAN PAUL?, SEVERIN
POLREICH!, BRIGITTE L. MAAss!
1Georg-August-Universitat Géttingen, Department of Crop Sciences: Agronomy in the
Tropics, Germany
2Federal Research Centre for Cultivated Plants - Julius Kuehn Institute, Institute for Crop
and Soil Science, Germany

In eastern Africa, reliable laboratory services are scarce and relatively expensive. Near infrared
reflectance spectroscopy (NIRS), as a non-destructive, rapid mass screening technique, has
shown an impressive throughput of analyses, once robust calibration equations are developed.
Legume leaves like those of cowpea (Vigna unguiculata) are very popular as leafy vegetables
in eastern Africa. A calibration equation for crude protein (CP) was developed within the
framework of the ProNIVA project (Promotion of Neglected Indigenous Leafy and Legume
Vegetable Crops for Nutritional Health in eastern and southern Africa) largely financed by the
German BMZ. The available equation was based on 107 samples selected from a broad spec-
trum of accessions from Tanzanian environments. The present study addresses the optimization
of NIRS to perform analysis of nutritional parameters (i.e., CP) in a range of cowpea accessions
grown under different experimental environmental conditions in East Africa and compare them
with locally grown varieties in farmers’ fields and those sold in selected Kenyan and Tanza-
nian markets. In total, 561 samples representing a wide range of environments in Tanzania and
Uganda as well as genotypic variation (10 accessions in addition to about 10 landraces) were
scanned using a FOSS 6500 spectrophotometer. Sample processing involved sun-drying and
freeze-drying, while milling was done using a standard lab grinder and a coffee grinder. 167
samples were selected for reference analysis and to expand the existing calibration set of 107
samples, based on their spectral characteristics, with a 26 PCA-Factor-model using WinISI |1
version 1.50 software. The obtained calibration set of 274 samples was expanded with a further
20 samples (10 with the highest and 10 with the lowest CP content), which were selected from
the remaining 394 samples. A modified partial least-squares (PLS) regression with cross val-
idation was used to confirm the equations and identify possible spectral outliers (H-value >3,
where H is the Mahalanobis distance). The calibration equation obtained permits determination
of CP content in a broad range of cowpea leafy vegetable originating from typical East African
agro-environments. This will save resources for laboratory analysis while obtaining reliable
values for nutritional quality of cowpea leaves.

Keywords: African leafy vegetables, calibration equation, cowpea, crude protein, eastern and
southern Africa, multi-location trial, NIRS, nutritional quality, Vigna unguiculata
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Production of German Chamomile (Matricaria chamomillaL.)
I ntercropped with Pot Marigold (Calendula officinalisL.) in a
Low Input Cropping System

MOHSEN JAHAN!, SAEED BAJOURIY, MAASUME ARYAYIZ, ALI JAHAN?

1Ferdowsi University of Mashhad, Agroecology, Iran
2 Ferdowsi University of Mashhad, Natural Resources and Environmental Sciences, Iran

In sustainable agricultural systems, it is vastly believed non-renewable synthetic chem-
ical resources should be replaced by biologically-based renewable inputs. Now a day,
the problems associated with the use of hazardous agro-chemicals for food production
have been receiving progressive attention worldwide, respecting environmental pollu-
tion and ecological imbalances. In world today, use of natural food and plant products
from the natural habitats including medicinal plants is getting more and more impor-
tant as WHO formal reports also asses a 80 % of worldwide traditional herbal admin-
istrations. So we see cultivation of medicinal and other food plants with medicinal
properties has expanded. A good example could be Matricaria chamomilla.

Due to increasing attention towards medicinal plants and their products and lack
of enough information about their response to manure application, this experiment
aims to study the effects of different cattle manure rates and seeding ratio on agro-
nomic criteria and chemical composition of German Chamomile intercropped with
Pot Marigold. For this purpose a field experiment was conducted at the Research
Farm of Ferdowsi University of Mashhad in 2006. A split plots arrangement based
on randomised complete block design with three replications was used. Treatments
were consisted of four levels of animal manure (0, 30, 40 and 50 tha™) as main plots
and five seeding ratio of German Chamomile with Pot Marigold (100:0, 75:25, 50:50,
25:75 and 0:100) as sub plots. Results revealed that animal manure has no effects
on total dry matter of German Chamomile. However, with decreasing proportion of
seeding rates of German Chamomile in the mixture, leaf area, total dry matter yield
and seed yield of German Chamomile was reduced. Chamazulene content of essential
oil was affected by leaf area and seed yield increasing with manure application up to
40thal. Previous researches suggested positive effect of manure could be increase
of water reserved capacity of soil, enhanced microbial activities and slow release of
nutrients. Seeding ratios of 50:50 or 25:75 were the most promising seeding rates in
terms of Chamazulene content. This study suggests that optimum chamazulene ex-
tract is accessible with application of manure in low input cropping system without
using any agro-chemicals.

Keywords. Calendula officinalis, chamazulene, low-input cropping system, manure,
Matricaria chamomilla
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Nutritional Characterisation of Passion Fruits, Pineapple and
Mangoesin Tanzania

ANDREW NGEREZA, ANNA KEUTGEN, ELKE PAWELZIK
Georg-August-Universitat Gottingen, Department of Crop Sciences, Quality of Plant
Products, Germany

Fruits are considered important as cash crops that have good development prospects
and substantial impact on the incomes for majority in Tanzania. Fruits contain several
health-promoting factors including fiber and high concentrations of phenolic acids,
flavonoids, vitamins, and minerals. Phenolic acids and flavonoids, although not es-
sential for survival, may over the long term provide protection against a number of
chronic diseases. Minerals play a vital role in the maintenance of human health.

The present study intended to evaluate nutritional parameters, which play a role in
quality evaluation of organically grown mango (Mangifera indica L.) cv. “Dodo”,
yellow passion fruit (Passiflora edulis f. flavicarpa) and pineapple (Ananas comosus
L.) cv. ’Smooth Cayenne’ to meet local and international market standards. Special
focus is given on compounds that contribute to human nutrition, such as total phenolic
and mineral contents.

Mango juice was characterised by the highest concentration of phenolic contents in
100 ml juice (2.80 mg) followed by pineapple (2.52 mg) and passion fruits (2.11 mg).
Passion fruits were characterised by the highest phosphorus content per 100 g dry mat-
ter (23.71 mg), mangoes (11.84 mg) and pineapples (7.1 mg). Potassium content per
100g dry matter was also significantly highest in passion fruits (1537.99 mg) com-
pared to mangoes (926.72mg) and pineapples (801.92mg). Iron content per 100 g
dry matter was significantly higher in passions fruits (2.72 mg) than in pineapples
(1.06 mg) and mangoes (0.69 mg)

Pineapples fruits have higher contents of calcium in 100 g dry matter (72.2 mg) than
mangoes (62.08 mg) and passion fruits (41.37mg). The content of magnesium per
100 g dry matter was also higher in pine apple fruits (1331.05mg) compared to pas-
sion fruits (1084.96 mg) and mangoes (774.45 mg). Manganese was also significantly
higher in pineapples fruits (69.92mg) than in mangoes (1.33mg) and passion fruits
(0.5mg).

Mangoes, passion fruits and pineapples consumed as fresh and juices are good source
of phenolic compounds. Passion fruits and mangoes are good source of phosphorus,
potassium and iron, while pineapples are good source of calcium, magnesium and
manganese.

Keywords. Mangoe, minerals, passion fruits, pineapple, total phenolics
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Root Yield and Nutritional Quality of Carrot Cultivarsfrom
Myanmar and Germany as Affected by Different Nitrogen Levels
of Organic and Mineral Fertilisers

LE LE WIN, ANNA KEUTGEN, ELKE PAWELZIK
Georg-August-Universitat Gottingen, Department of Crop Sciences, Quality of Plant
Products, Germany

Use of chemical fertilisers is a critical factor limiting carrot production by poor farm-
ers in Myanmar due to their high prices and generally farmers use their own landraces
by the application of organic manures. However, the knowledge of the local lan-
draces as well as their responses to the different organic manures, e.g. certain yield
and quality, is of great importance. The pot experiment was conducted at the section
Quality of Plant Products of the Georg-August University Goettingen, to investigate
the root yield and nutritional quality parameters of chosen carrot (Daucus carota L.)
cultivars exposed to the different nitrogen levels of mineral and organic fertilisers. In
the split-split-plot experimental design with three replicates, three kinds of fertiliser
(mineral fertiliser, farmyard manure (FYM), and compost) were allocated to the main-
plots, and the nitrogen levels (N1 = 60, N, = 120, and N3 = 180 kg ha™1) to the sub-
plots. Cultivars from Myanmar (Mogyo, Pawedaung, and Srup) and Germany (Fly
Away and Purple Haze) were set as sub-sub-plot factors. Percentage of premature
flowering as well as root yield was significantly influenced by genotype along with
the kind of fertiliser. Carrot cultivars from Myanmar were bolted up to 56 %, while
none of German cultivars were bolted. German cultivars were more susceptible to
the kind of fertiliser and achieved higher yield by mineral fertilisation. The highest
total carotenoids contents were observed in cultivars from Myanmar at N, and N3
levels applied in form of FYM fertilisation. The highest total antioxidant capacity
was found in cv. Purple Haze regardless the nitrogen levels and kind of fertiliser. Sig-
nificantly highest amounts of nitrate contents were observed in cv. Srup supplied with
mineral fertilisation. Pwedaung cultivar was most sensitive to the N levels, i.e, the
higher the N rate, the higher the amount of nitrate content in all types of fertilisers.
Generally, higher yields as well as better nutritional quality were found in German
cultivars. However, the highest total carotenoids content as a very important parame-
ter of human nutrition was observed in Myanmar cultivars by the application of FYM
at N, and N3 levels. These results could be part of recommendation to the farmers in
Myanmar.

Keywords. Carrots, mineral fertilisers, organic fertilisers, nitrogen levels, nutritional
quality
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Protein Quality Improved Waxy M aize Varieties
for South East Asia
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1Swiss Federal Institute of Technology (ETH), Institute of Plant Science, Switzerland
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Waxy maize (Zea mays) is an important food source among ethnic minorities in South-
East Asia. The soft grains are very popular for preparing traditional dishes such as
porridge or for the direct consumption of the ears as a vegetable. The cultivation of
waxy maize takes place mainly in marginal regions in a micro-scattered way. In waxy
maize, starch basically consists 100 % of branched high-molecular amylopectin; this
trait is controlled by the recessive allele of the waxy gene (wx, located on chromosome
9).

Waxy maize contains reduced amounts of essential amino acids such as lysine, trypto-
phan and threonine. This represents a major problem in regions where animal protein
Is scarce and expensive and maize represents a major food source, often leading to
infant malnutrition.

QPM (quality protein maize) arose from a mutation controlled by the recessive opaque—
2 gene, which leads to a reduction in the synthesis of the highly indigestible storage
protein zein and in an increase in the levels of lysine and tryptophan.

The main goal of our project is the development of protein quality improved waxy
maize of acceptable agronomic and organoleptic properties, and well adapted to marginal
regions of South-East Asia.

The way to achieve this goal will consist of the introgression of pre-selected QPM ma-
terial into pre-selected waxy maize material, which was collected from several ethnic
minority groups in Viet Nam, Thailand and China. The introgression of QPM into
waxy maize will rapidly be achieved by the in vivo gynogenesis technique, a method
which allows the rapid gain of double-haploid, and therefore, homozygous lines. For
this step, the in vivo gynogenesis inducer lines RWS and RWK76 from University of
Hohenheim will be used. Double recessive (wx and opaque-2), double haploid lines
will be selected according to their agronomic and organoleptic characteristics, and
will serve as core material for the production of experimental varieties

Keywords:. Inducer lines, in vivo gynogenesis, opaque2, waxy
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The Molecular Basisof Floweringin Longan
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LUniversity of Hohenheim, Institute of Special Crop Cultivation and Crop Physiology,
Germany
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Longan (Dimorcarpus longan Lour.) is a commercial fruit crop mainly cultivated in
subtropical countries of Southeast Asia. In Thailand, longan flowers from late De-
cember to late February due to flower inducing climatic conditions with a relatively
dry and cool(<18°C) environment throughout the natural period of flower induction
from mid November to mid December. However, the application of potassium chlo-
rate (KCIO3) can induce off-season flowering within 20-30 days even so climatic
conditions may not be suitable. Thus, this chemical offers a unique opportunity not
only to improve the irrigular bearing behaviour of longan but also to use it as a po-
tent inducer of longan flowering all year. It is hypothesised that an alteration in the
hormonal status triggers the programmed sequential morphogenetic events and turns
the switch from vegetative to reproductive bud meristem. Specific genes, coding for
hormone biosynthesis and/or flowering will therefore be up-regulated, temporarily or
spatially, with the transition to flowering in tree crops. Several genes involved in the
switch from vegetative to floral bud meristem have already been identified and char-
acterised in Arabidopsis. Some of the molecular basis in this flowering process has
been shown to play a similar role in other annuals. A central protein in this process is
flowering locus T (FT), which trigger flowering once it accumulates to high levels in
plant tissue.We attempt to identify the molecular basis of flower induction in Longan
by expression patterns of genes that encode for proteins similar to Arabidopsis flow-
ering genes. Six-year-old potted longan trees were grown at at Chiangmai University,
Thailand conducted to compare the effects of KCIO3 application on flower induction
In between longan and litchee trees. Six-year-old potted longan trees were grown in
Horticulture station, Faculty of Agriculture. Potassium chlorate was applied at 15 g
pot! to fully mature plants as soil drench in April 2008. Samples for RNA extrac-
tion from terminal buds and leaves were collected 6 times at 7 day intervals following
application. Eight degenerate primers of FT (FTDEG) were designed by using five
highly conserved regions of Arabidopsis thaliana, Vitis vinifera, Citrus unshiu, Oryza
sativa and Hordeum vulgare. Four of the FTDEG primers were successfully amplified
in Longan and fragments were subsequently cloned and sequenced.
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Environmental Factorson the Concentration of Secondary
Metabolitesin the High Andean Plant Maca
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Maca (Lepidium meyenii Walpers, also known as Lepidium peruvianum Chacon) grows best
in the central Peruvian and Bolivian Andes between 3,800 and 4,500 m a.s.l. The persistent
interest in this plant is based on its assumed fertility effects. These effects are reported to vary
between maca colour types, and our preliminary study indicated that these types also might
differ in potentially biologically active plant secondary metabolites. These include macaene,
macamides, glucosinolates, campesterol and beta-sitosterol. The present study aimed at deter-
mining the influence of the factors colour type, soil type and planting history on the concen-
trations of the above mentioned compounds of maca hypocotyls in a controlled study. In the
planting experiment, four colour types (yellow, red, violet and lead-coloured) were cultivated
at two soils/locations (Ultisol/Alpacayan, Department of Pasco, Peru, and Vertisol/Patalé, De-
partment of Junin, Peru) at 4,200 m.a.s.l. At each location two terrains were chosen (untouched
or cultivated with maca in the 2-3 previous years). The harvested plant material (n=4 per
colour type, location and terrain) was lyophilized, milled and analysed for the above mentioned
metabolites, and data was subjected to analysis of variance considering all factors. The in-
teractions were not significant. Color type had a significant influence on the concentration of
macaene, macamides and the aromatic, indole and alkylthioalkyl glucosinolates, but not for
the sterols and olefine glucosinolates. Across both locations and both terrains, lead maca (not
analysed in the preliminary study) had the highest concentrations of glucosinolates, primarily
due to higher contents of aromatic and indole glucosinolates. Violet maca exhibited the highest
alkylthiolalkyl glucosinolate content, red maca showed the highest macaene and macamides
content, while yellow maca was low in most metabolites, especially macaene and macamides.
The glucosinolate content was higher in Patala, and the macaene, macamides and beta-sitos-
terol content was higher in Alpacayan. The terrain had a significant effect on campesterol
concentration only. The present results confirm the large importance of the colour and soil type
and, to a lesser degree, of previous cultivation of the site on maca’s metabolite composition
thus explaining its variable effects on fertility reported.

Keywords. Beta-sitosterol, campesterol, glucosinolate, Lepidium meyenii, macamide, plant
secondary compounds

Contact Address. Céline Clément, Swiss Federal Institute of Technology (ETH), Institute of Animal
Sciences, Universitétstrasse 2, 8092 Zirich, Switzerland, e-mail: celine.clement@inw.agrl.ethz.ch

176



Crop quality — Posters

Variation in Chemical Composition of the Hypocotyle of Maca
(Lepidium meyenii Walp.) cultivated in
Czech Republic and in Peru
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Maca (Lepidium meyenii Walp., Brassicaceae) is a Peruvian crop cultivated in the Andes moun-
tains for its hypocotyl that is used exclusively for medicinal purposes. According to folk beliefs,
Maca is an aphrodisiac which enhances sexual drive and female fertility in humans and domes-
tic animals. These beliefs have been sustained by various experiments in rats and in men. Maca
has been reported to be rich in amino acids, glucosinolates and alkaloids macamides, which
are probably responsible for the aphrodisiac effects and therefore the main quality markers in
Maca.

The nutritional value (relative contain of macamides, fatty acid composition and energetical
value) of three samples of Maca of Peruvian origin was compared to one sample of Maca
cultivated in Czech Republic. The plant material was obtained from comercial sources except
the sample that was grown on an experimental field of the Czech University of Life Sciences
Prague. Although the growth period of Maca in Czech Republic was approximately the same as
in Peru, the yield of bulbs was much lower than in samples of Peruvian origin. All the samples
were prepared by extraction and repeated percolation in petrolether and analysed by RP-HPLC
with DAD detection. The macamides and fatty acids were tentatively identified by retention
time comparison on Agilent Eclipse XDB-C18 column and UV spectra matching. Bound
fatty acids were determined as methylesters after alkaline hydrolysis using gas chromatography.
Gross energy was determined using calorimetry.

There was a significantly lower concentration of macamides in the sample grown in Czech
Republic compared to the Peruvian samples (4-9 times lower). The same was found for free
fatty acids, linoleic acid and linolenic acid. The gross energy of Maca averaged 1740 kJ pro
100 g and was similar in all samples as well as the composition of bound fatty acids. The
analysis showed that Maca cultivated under the climat condition of Czech Republic is similarly
rich in energy as Maca cultivated in Peru, but it contains significantly lower concentrations of
bioactive macamides and free fatty acids.

Keywords: Fatty acids, Lepidium meyenii, macamides, nutritional value
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Artemisiaannua ANAMED, a Medicinal Plant for Malaria
Treatment: A Study on Growth Performance and Artemisinin
Content under Tropical Highland Conditions of SW Ethiopia

BELAY BEKELE BAYDEl, THOMAS HILGERZ, GEORG CADISCH?
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Worldwide approximately 300 million people are affected by malaria. Previously extremely
widespread, malaria is now mainly confined to Africa, Asia and Latin America. The problems
of controlling malaria in these countries are aggravated by inadequate health structures and
poor socioeconomic conditions. The situation has become even worse over the past years with
an increasing resistance to the drugs normally used to combat the parasite causing malaria.
Alternatives are therefore urgently required. Artemisia annua contains artemisinin in leaves
and flowers, a sesquiterpene lactone effective against drug resistant malaria. The World Health
Organisation (WHQO) recommends an Artemisinin based Combination Therapy (ACT). A tea
based therapy is also available, which is favoured by low income population as it is less ex-
pensive. A new strain — Artemisia annua ANAMED - adapted to tropical conditions was
introduced to southwestern Ethiopia in 2001, a malaria prone area. This study aimed at as-
sessing the growth performance of A-3 and changes of its artemisinin content as affected by
environmental conditions. Therefore, field trials were established during October 2006 and July
2007 at three locations in the Gamo Gofa Highlands of SW Ethiopia. Sites varied in altitude,
climate and soils. Artemisia performance was monitored by monthly collecting plant samples
to determine plant growth and variations in artemisinin content. Artemisinin was determined
by using the High Pressure Liquid Chromatographic (HPLC) method. Results indicated strong
environmental impacts on crop growth, dry matter production and artemisinin synthesis. An
altitude of 2,200 m a.s.l. with a minimum and maximum temperature of 17.3 and 24.5°C led to
a better performance (dry leaves: 2.9 vs. 1.4-1.7 tha™L; artemisinin: 1.07 vs. 0.57-0.91 %) than
higher elevations (2,600-2,900 ma.s.l.) and lower temperatures (8.4/18.3 and 10.4/16.3°C). It
was also observed that a lower but well distributed rainfall (480 vs. 850-1050 mm) found at
the lower elevation was also favourable for artimisia growth. This information is valuable to
identify potential sites suited for A-3 cultivation. Thus, it may foster its promotion in Ethiopia
and other countries, leading to an improved health situation of the rural population in malaria
prone areas and contribute to income generation for small scale farmers.

Keywords: Artemisia annua, artemisinin, crop growth, environment, malaria treatment, medic-
inal plant
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Can we use Mid-Infrared Spectroscopy (MIRS) for Quantifying
Artemisinin, an Antimalarial Compound of Artemisia annua?
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LUniversity of Hohenheim, Institute for Plant Production and Agroecology in the Tropics
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In the tropics malaria kills one person every 20 seconds. This disease is caused by four
species of the genus Plasmodium - protozoan parasites - transmitted by the female
Anopheles mosquito. Plasmodium has become resistant to most of the presently avail-
able antimalarial drugs. Currently, resistance to malaria drugs is spreading and new
treatments are urgently required. Artemisia annua, an in China for more than 2000
years well known medicinal plant seems to provide an alternative option. Artemisinin,
a sesquiterpene lactone, is one of its various active agents and is effective against the
plasmodium. It is part of the WHO artemisinin-based combination therapy (ACT),
recommended since 2001. In addition, a treatment with tea based on Artemisia leaves
has proofed to be successful in 80 % of treated cases according to ANAMED (Action
for Natural Medicine). For quality control, a rapid method to detect artemisinin con-
tent in plants is highly desirable as artemisinin content strongly varies within plant
and among varieties. Currently employed methods are high performanceressure lig-
uid chromatographyic (HPLC) with electrochemical detection, recommended by the
World Health Organisation (WHO), and an indirect measurement using gas chro-
matography (GC). Alternatively, we tested if Difuse Reflective Fourrier Transform
Mid-Infrared Spectroscopy (DRIFT-MIRS) can be considered as a novel and fast op-
tion to determine artemisinin content in plant materials. For this study, the artemisinin
content of 20 plant samples was measured with HPLC and MIRS. Pure artemisinin
was used to identify corresponding MIRS reflectance peaks and regions. Due to the
characteristic intrinsic chemical structure of artemisinin characteristic peaks could be
detected by MIRS. Both HPLC and MIRS measurements were subsequently linked
to produce a Partial Least Square Regression model for artemisinin quantification.
The artemisinin content of unknown samples was well predicted by this model. Es-
timating 20 other plant samples with HPLC and MIRS showed a high correlation of
artemisinin content (r>=92 %) between the two methods. Thus, MIRS is considered to
be a fast and viable alternative method with flexibility in application while requiring
only small amounts of samples.
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Tropical Grass Silicification Pattern: Genetic Diversity and
Relationships with the Soil Soluble Silicon in Benin
(Western Africa)
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Ten tropical fodder grass species were collected from grazed and ungrazed sites and trans-
planted into pots on ferralitic substrates in southern Benin. Silica, total and soluble ashes
contents were dry way measured in leaves. Silicon and iron were quantified in the correspond-
ing soil substrates of FSA/UAC-Benin, by spectrophotometry of atomic absorption with ther-
moelectric atomisation at the Laboratory of Evolutionary Genetics and Plant Ecology of the
université libre de Bruxelles (Belgium). Genetic diversity was analysed by a 2 ways-ANOVA.
Allometric relations between these foliar and soil traits were analysed by the Pearson correla-
tions at 5%. Results from ANOVAs showed significant differences between species, sites for
all parameters except total ashes. The foliar silica contents largely vary from one species to an-
other with high values for Pennisetum unisetum, Setaria sphacelata and Hyperthelia dissoluta
(=~ 7% DM). Loxodera ledermannii and Anadelphia afzeliana showed very low silica contents.
The other species appeared closer to temperate grasses (=~ 3 % DM). The species richer in silica
are also the richest in soluble ashes (4-8 % DM for P. unisetum and S. sphacelata). Species
from the grazed sites showed higher foliar silica contents in 5 cases out of 10 species. Signifi-
cant positive correlations were found between the foliar silica and ashes contents and the soluble
silicon content of corresponding substrates (respectively RSiO2/Sisoil=0.29, p = 0.024; RTotal
Ashes/Si s0il=0.34, p = 0.008; RSoluble Ashes/Si soil=0.30, p = 0.020). In the same way, the
soil iron contents were correlated with foliar ashes, but not with silica contents. Knowing that
the soil soluble silicon contents are dynamic following changes in soil moisture content, and
do not influence the distribution pattern in the plant, our results suggest that: (i) the foliar silica
contents of A. afzeliana (0.78-0.97 % DM), abnormally weak might probably be related to the
substrate poverty in soluble silicon (11.5-15.1 mgkg1), since these values timely increase
during the experiments; (ii) the high foliar silica contents of S. sphacelata (5.53-7.01 % DM)
are probably not due to the available silicon quantity (31.6-40.7 mgkg~1), since these con-
tents increase during the experimentation. Unless more silicon is available in the experimental
substrate and that this does not have the same effect on the whole grass species.
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Partitioning of Non-Structural Carbohydratesin the Fruiting
Cape Gooseberry (Physalisperuviana L .) Plant
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Cape gooseberry (Physalis peruviana L., Solanaceae) originates in the Andean zones
and as a semi-woody perennial plant grows half-wild between 1,500 and 3,000 m
altitude from Colombia to Chile. Although in Colombia it has become the second im-
portant export fruit, scarce information exists about the carbohydrate partitioning in
cape gooseberry. However, carbohydrate partitioning plays a major role in plant pro-
ductivity and later might play a signalling function during plant pathogenesis. Seed
propagated ecotype ’Colombia’ was kept in a greenhouse (22°C, 75% RH) in 2.5 |
black plastic containers in washed quartz sand and triple irrigated daily 300-500 mi
per pot with a Wuxal solution (8:8:6 (N:P:K)), while Ca and Mg were taken from tap
water. Plants were pruned up to one main vegetative stem with two generative leaders
leaving the lateral generative shoots with the first node. Dry matter (DM) partition-
ing during initial plant growth showed the highest accumulation rate in roots during
first 20 days, whereas at a later stage of development shoot DM gain was higher and
leaf DM gain lower than in the roots. Sixty days after transplanting, plant parts were
analysed for glucose, fructose, sucrose, and starch. As in other perennial plants, roots
were the greatest carbohydrate pool for starch. Root sucrose content was lower than
in the vegetative stem and the lower part of the reproductive axes. At 5-15cm of the
vegetative stem base 6.4 % starch, 1.4 % monosaccharides and 5.3 % sucrose were
found, indicating that this lower organ is also important for starch accumulation and,
especially, for sucrose transport. In the two reproductive axes, starch contents were
much higher in the base part than in the apical one; the same relation was found in
leaves. Monosaccharid content was highest in the apical stem position with 8.2 %.
In contrast, apical positioned 10 days old fruits had maximum starch levels (11.6 %),
possibly, of primary starch from own photosynthesis, whereas mature basal fruits
(60 days) accumulated principally sucrose (27.7 %) and monosaccharides (21.2%).
Whereas in vegetative plant parts glucose contents were 51-69 % higher than those of
fructose, in fruits their contents were nearly the same ones.
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Risk Factorsfor Malnutrition of Rural-to-Urban Migrant’s
Children (<5 years) in Comparison to Urban Children in two
Kindergartensin Beijing, China
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OBJECTIVE: To investigate risks factors that influence the health- and nutritional status of
rural-to-urban migrant- and local children in Beijing.

METHODS: Assessment included height, weight, MUAC, dietary intake and a questionnaire to
explore family background and (breast) feeding practices. 103 migrant- and 108 local children
and their mothers were recruited.

RESULTS: Migrant children are more likely to suffer from mild/moderate (<-1 SD) stunting
(30.1% vs 12.0 %), underweight (28.2 % vs 9.3 %), and wasting (22.3 % vs 3.3 %) than local
children while local children had a higher prevalence of mild/moderate (>+1 SD) overweight
(14.8% vs 9.7 %). Migrant girls are at higher risk than local girls for mild/moderate stunting
(37.5% vs 18.8%), underweight (33.3% vs 12.5%), and wasting (27.1% vs 4.2%). Local
boys have a higher prevalence than migrants boys of overweight (20 % vs 12.7 %), and local
girls are also more likely than migrant girls to be overweight (8.3% vs 6.3%). According
to 24-hour dietary recalls, migrant children lack age-specific energy intake and fall short of
micronutrients like calcium, iron, zinc, potassium, vitamin B2 and folic acid. The calcium and
folic acid intake of local children also did not reach age-specific recommendations. Migrant
mothers were younger (28.14+3.6 vs 30.7+3.2, p < 0.05), received less education (3.9% vs
46.3 % attended higher education) and had more children (1.2+0.5 vs 1.009+0.09, p < 0.05)
than local mothers. Migrant families had lower income (715.6+508.8 vs 1580.2+834.7RMB
per person/month, p < 0.05), and lived in smaller rooms (7.746.1 vs 23.64+8.9m?, p < 0.05)
often without private water pipe and toilet. For both migrant and local children, initiation of
breastfeeding was delayed up to 3 days after birth, more than half of the newborns received pre-
lacteal feedings. The duration of exclusive breastfeeding (4.7+3.1 vs 4.3+2.8months) as well
as total duration of breastfeeding (15.1+6.0 vs 14.4+5.4 months) was short in comparison to
WHO recommendations.

CONCLUSION: Migrant children (especially girls) are a risk group for undernutrition while
local children (especially boys) are more likely to be overweight. Feeding habits, dietary intake
and family factors strongly influence nutritional status of migrant and local children.

Keywords: Migrant children, infant feeding, nutritional status, dietary intake, kindergarten,
China, Beijing
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Development of a Multipurpose Pan for Date Processing

FRANCESCO GARBATI PEGNA
University of Florence, Department of Agricultural and Forestry Engineering, Italy

In almost all countries where date palm is a traditional cultivation part of the dates are
harvested for processing and main products are paste and syrup. Syrup is widely pro-
duced at a household level, while industrial processing is mostly done in big plants: an
intermediate technology, allowing to produce syrup in a hygienically and controlled
way is missing or not affordable by smaller producers.

After the experience gained in projecting and setting up a small scale date processing
plant in the Iraqi Province of Dhi Qar, the author designed a multipurpose pan that
can be used for rehydrating of dry dates, juice extraction and vacuum concentration
for syrup production.

The main objective for carrying out this study is to provide single or associated smaller
date farms with a mean for processing directly part of their dates, to obtain a healthier
and more hygienic product and with lower energy input compared to what they could
achieve with traditional methods.

The pan consists of a cylindrical body with a heating sleeve in the lower part and an
airtight lid with an outgoing pipe for air extraction or juice circulation. This multipur-
pose pan is quite simple and inexpensive, taking in account the different operations
that it performs, and can be produced in different sizes.

A first 80 liter prototype, capable of producing about 15 liters of syrup for each batch,
has been manufactured to test and evaluate its performances and used first to renydrate
dried dates imported from Irag and after to extract juice from them and then concen-
trate it. At first empiric exam and after an organoleptic test of the syrup, the pan
proofed to be capable to perform satisfactorily these operations and has been added
to the equipment of the above mentioned date processing plant, so it will be used in a
more intensive way in Iraq during 2008 harvest. In the while other tests are ongoing
to measure main working parameters and define the best way of use.
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Effects of KCIO3 and Water Deficit on Flowering and Growth
Characteristics of Longan
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Longan is one of the most important subtropical fruit crops in Thailand, both in terms of crop
yield and export volume. In 1998, Thai longan farmers began to apply potassium chlorate
(KCIO3) for inducing off-season flowering and soil drench is most effective method. Nowadays
fresh longan fruits are available in domestic markets almost all year round. However, irrigation
management is critical for off-season longan production that falls into the rainy season. Due
to high relative humidity, high soil moisture and also low light intensity the percentage of
flowering is greatly reduced when compared to on(dry)-season production.

The objective of this study was (1) to study the time-dependent hormonal changes in various
plant tissues following the application of KCIO3 and (2) to determine whether total carbohy-
drates may be limited under 6ff-seasonfruit production system and by establishing three crops in
two years. The experiment was carried out at the Lampang Agricultural Research and Training
Center, northern Thailand, and consisted of 64 two-year-old longan trees (cv. Daw) randomly
assigned to four treatments; well-watered £KCIO3 and water deficit =KCIO3. All trees were
grown in lysimeter containers with a capacity of 150 L and treated with KCIO3 in November
2007.

It was found that in water deficit and full irrigation treatments approximately 90 % of all buds
flowered at 25-27 days after the application with KCIO3, whereas both treatments without
KCIO3 application did not flower. The efficiency of photosystem Il (Fv/Fm), leaf net CO,
assimilation rate, transpiration rate and stomata conductance were reduced in all treatments
except when full irrigation was applied. Leaf chlorophyll content was not significantly different
between the treatments.

The change of plant bioregulators such as indole-3-acetic acid (IAA), gibberellins (GA1 3 20
measured as GAgz equivalents), and the cytokinins isopentenyladenin / isopentenyladenosin
(iP/[9R]iP) and trans-zeatin/t-zeatin riboside (Z/[9R]Z) were determined in leaves, bark, wood
and terminal bud and results will be presented at the Conference. Treatment effects on carbohy-
drate concentration, dry matter production, fruit yield and quality in longan will be determined
destructively at harvest in June 2008.

Keywords: Carbohydrate, Dimocapus longan L., longan, leaf photosynthesis, Thailand
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Effect of Mulberry Leaves of Different Varieties on Growth,
Development and Cocoon Char acters of Silkworm (Bombyx mori )
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Five mulberry plant varieties viz. BSRM-56, BSRM-57, BSRM-58, BSRM-59 and
BSRM-34 were used to evaluate the effects of these varieties on larval and cocoon
characteristics of silkworm (Bombyx mori L.) at Bangladesh Sericulture Research
and Training Institute, Rajshahi during June — July, 2007. Silkworm larvae were
under gone five larval instars on leaves of mulberry varieties and different larval char-
acteristics: larval weight, larval length and larval breadth were collected in differ-
ent growth stages. After rearing period the fifth instar larvae were transferred into
mountage (Chandraki) for spinning and producing cocoon. The cocoons were then
harvested and different cocoon characteristics like cocoon weight, shell weight and
shell percentage and others characters like pupal weight, effective rate of rearing were
collected. The results showed statistically significant difference among different va-
rieties on larval and cocoon characteristics. The higher performance was observed
by feeding the variety BSRM-34 in respect of 10 mature larval weight (40.500 mg),
single mature larval length (7.660 cm) and breadth (0.980cm), single cocoon weight
(1.397 mq), shell weight (0.180mg) and pupal weight (1.220 gm) while the average
performance was recorded by feeding the variety BSRM-57 and BSRM-59 and poor
performance was showed by feeding the variety BSRM-56 (in case of larval charac-
ters) and BSRM-58 (in case of cocoon characters) in respect of these characters as
well as silk yield. These results indicated that the leaves of different mulberry vari-
eties have statistically variable effect on larval and cocoon characteristics as well as
silk yield, means silk yield varies with leaves of mulberry varieties.
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An Evaluation of Native West African Vegetables

LIONARD SHEI
Freelance Consulting, Agriculture and Rural Development, Germany

Vegetables are a vital constituent of the West African diet, and traditional vegetable
species are highly important yet many species of African native vegetables are poorly
known, being used only locally. Native West African vegetables have in the past and
presently been paid too little or no attention both by local, national and international
research institutions. Seemingly, many local inhabitants in the West African region
appear not to have deep scientific knowledge on the values possess by native vegeta-
bles species in their vicinity. By so doing, they sometimes turn to prefer the cultivation
and consumption of exotic vegetable species rather than native ones-unconsciously or
consciously rendering unexploited native vegetable species to extinction.

This research was purely a desk work research; focusing on the works of other authors
with the prime aim of generating with analysis a list of native West African vegetables
in terms of medicinal, nutritional and economic values. First, all the vegetables were
identified based on local or regional origin, common name, scientific name, botanical
family and types (leafy, root, legume or fruit vegetable). Second, the identified veg-
etables were then evaluated based on their nutritive, economic, and medicinal values.
To this effect, a total of twenty three native West African vegetables were identified
and analysed with respect to the different information sources. For example, in terms
of medicinal properties, a vegetable like “Egusi” (Citrullus colocynthis) was found to
have ribosome-inhibiting properties, potential as a therapeutic agent for HIV/AIDS. ..
Also, nutritionally, the leaves of “Eru” (Gnetum africanum) species were also found to
constitute an important source of protein, essential amino acids and mineral elements.
It can be concluded from this research that, although native West African vegetables
are not well known and documented, the few that have been identified and analysed
within the scope of the current research prove to have profound nutritional, economic
and medicinal potential which if well exploited would possibly open up new markets
for the global commercialisation of native West African vegetables likewise, encour-
age the local and global cultivation, consumption and conservation of many other
native West African vegetables-especially orphan species.

Keywords: Indigenous African vegetables, West African vegetables, vegetables na-
tive, under-utilised crops
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Cowpea (Vigna unguiculata) Variety Mixturesto Optimise
Vegetable L eaf and Seed Yieldsand Stability in Central Tanzania
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1Georg-August-Universitat Géttingen, Department of Crop Sciences: Agronomy in the
Tropics, Germany
2Makutupora Agricultural Research and Training Center, Tanzania,

Cowpea (Vigna unguiculata) is among the top three or four African indigenous leafy vegeta-
bles used in many parts of Africa. Both seeds and leaves of cowpea have excellent nutritional
value that may contribute to feed resource-poor communities and, thereby, reduce malnutrition
especially in Sub-Saharan Africa. Despite its importance, however, as leafy vegetable cowpea
is ignored and has received little attention in research and development. This study was con-
ducted within the project "Promotion of Neglected Indigenous Leafy and Legume Vegetable
Crops for Nutritional Health in Eastern and Southern Africa” — ProNIVA (largely financed by
the German BMZ). Four previously investigated promising cowpea varieties plus one local va-
riety were tested as different mixture components at different locations through participatory
research. The objective was to evaluate variety mixtures in different environments in opti-
mizing and stabilizing cowpea leaf and seed yields as compared to pure variety production.
Selected cowpea varieties included determinate and indeterminate as seed and leafy types, re-
spectively. Established mixtures and their corresponding components were intercropped with
maize (Situka M1) as the typical practice applied by farmers. Agronomic evaluation was con-
ducted during the 2007 dry season at Makutupora Agricultural Research and Training Center
(on station) and Veyula village (on farm) in Dodoma district, with irrigation according to need.
Among the variables determined were fresh and dry matter leaf yields from up to five con-
secutive harvests, pod and seed yields with or without leaf harvesting, and phenology. All
treatments (mixtures and their corresponding components) significantly differed in total fresh
and DM leaf yields both on station and on farm, however, total pod and seed yields only dif-
fered on station. Using contrast analysis, mixtures showed no advantage over the mean of their
components neither in leaf nor in seed yields. However, higher yield stability across different
harvests was more observed for complex mixtures than in simple ones or mixture components.
When interviewing farmers around villages in Dodoma district, they expressed their favouring
variety mixtures because of their need for stability of both leaf and seed yields, also because
they were familiar with different ways of mixtures for a better use of their scarce lands.

Keywords: African leafy vegetables, cowpea, indigenous african vegetables, Tanzania, under-
utilised crops,Vigna unguiculata, vegetables
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Germplasm Collection —Variety Tests— Seed Production —
Marketing: Experienceswith Local Vegetablesin Lao PDR

MATTHIAS PLEWA

German Development Service (DED), National Agriculture and Forestry Research In-
stitute, Lao

Vegetables are rich sources of vitamins, micronutrients and fiber making them healthy
food with high biological value. Many Lao farmers are using their own selections,
adapted well to the specific environmental conditions in their local areas. Landraces
are important resources for resistance to biotic and abiotic stresses. For this reason,
local varieties are invaluable not only for the present but also for future generations.
Between 2002 and 2006, the research team of the Haddokkeo Horticulture Research
Center (HHRC), belonging to the National Agriculture and Forestry Research Insti-
tute (NAFRI), conducted nine collection trips in cooperation with the German Devel-
opment Service (DED). The aim was to collect local vegetable varieties in 76 districts
of all the 18 provinces of Lao PDR. As a result of these efforts, 2,100 accessions of
vegetable were assembled and stored in the vegetable gene bank at HHRC.

A part of the gene bank material was subjected to screenings under natural field con-
ditions in order to identify landraces possessing desirable characters. Activities were
concentrated on locally important vegetables, such as chili, tomato, lettuce, yard long
bean, and cucumber. After five years, new varieties were identified and released for
seed multiplication for distribution to Lao farmers. First varieties were such of tomato
and lettuce for rainy and dry seasons.

At present, the research is focused on detailed description of eggplant biodiversity.
Indochina was considered as a secondary area of origin and the crop possesses a very
rich diversity. More than 150 accessions from the whole country are characterised
by morphological and agronomical traits to provide information for future breeding
programs.

At the same time, a vegetable seed production network has been established that in-
volves farmers around Vientiane. At present, 23 farmers’ families in 11 villages are
under contract system. In the season 2006/2007, they produced about 880 kg seeds of
18 open-pollinated vegetable species. Most of the seeds were sold to various projects
throughout the country, to special shop owners in Vientiane or directly to the farm-
ers. Every seed-producing family was able to earn an additional average income of 2
Million LAK (about 200 USD) through seed production.

Keywords: Agrobiodiversity, eggplant, genebank, plant genetic resources, vegetable
seed production, under-utilised crops
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New Varieties of Rice through Gamma Rays Application to Tackle
Food Disaster in East Java Regions, Indonesia

SUMARDI Hs!, NUNUN BARUNAWATI?
1Brawijaya University, Food Technology, Indonesia
2Brawijaya University, Agronomy, Indonesia

Paddy (Oryza sativa L.) is the staple food in several regions of Indonesia. Main
problems in the rural areas there are that the surfaces for crop farming are delining and
that the number of varieties that are adapted to the current agroecological conditions
is decreasing. In 1993, Indonesia produced ca. 48.2 t ha't of paddy. This production
rose slightly to 52.2 t ha* in 1998. However, the production increase could comply
with the population development in Indonesia.

There are several ways for obtaining improved seed. For instance, through breeding
new varieties with a high nutritional value or through selecting for varieties that par-
ticularly tolerate certain abiotic and biotic stresses. Breeding and mutation application
are two techniques commonly used in Indonesia for enhancing plant variability. The
mutation method uses gamma-rays to establish mutants that can be screened for the
wanted characteristics. It is very important to identify seeds that can be used under
extreme conditions as for example under very dry conditions, or on soils with high
salinity.

The production of improved rice seed through gamma-rays application was enabled
through collaboration with the Nuclear Centre Association. Consequently, several
main characteristics such as dwarf growth, pest tolerance and natural protection against
disease attacks, could be found in the produced rice seed mutants. The newly iden-
tified varieties Mira-1, Yuwono and Diah Suci are already widely spread at several
locations of the East Java region. The first results showed that the mutation rice can
produce about 9.8 t ha of rice and is absolutely tolerant to pests and diseases. This
gamma-rays method is an alternative for acquiring both new phenotypes and increase
genotype variability.

Keywor ds. Mutation, rice, Oryza sativa
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Future of the Nigerian Under-Exploited | ndigenous Fruitsand
Vegetablesin the Era of Climate Change:
The Need for Farmers Education

O. CLEMENT ADEBOOYE!, O. ADEDAYO AJAYI?
LObafemi Awolowo University, Department of Crop Production and Protection, Nigeria
20bafemi Awolowo University, Department of Agricultural Extension, Nigeria

Indigenous fruits and vegetables are known to play major role in the nutritional liveli-
hood of the Nigeria population especially in the rural areas where people cannot pay
for meat, egg and milk. In the face of threats posed by climate change as exempli-
fied by drastic changes in rainfall pattern, temperature, relative humidity, radiation,
weeds-pests-diseases complex and general alterations in the trends of climatic ele-
ments, there is the need to discuss the future of the uncultivated but edible plant
species which have served as basis of livelihood for the poor people over several
years. Emerging evidence has shown that farmers in Nigeria are mostly illiterate and
that they practise the cropping system inherited from their parents and are still caught
up in the recent phenomenon of climate change. They are mostly not producing in
large quantities and depend on rain for their crops. Most of the indigenous fruits and
vegetables are still gathered from the wild and are not included in the research man-
date of Nigerian agricultural research Institutes. In this era of climate change, it is
Important to discuss how these indigenous crops will not go into extinction since they
are still good sources of food and possible sources of germplasm for crop improve-
ment. The farmers therefore need to be educated on the importance of the crops and
the danger of sending them into extinction in the wake of climatic change. This pa-
per therefore discusses the diversity of indigenous fruits and vegetables in Southwest
Nigeria by taking into account the available species, the density, the uses, the mode
of exploitation and the role that extension education can play in bringing these crops
into cultivation, especially in this era of climate change in order to prevent them from
extinction.

Keywords. Climate change, extension education, indigenous fruits, vegetables, under-
utilised crops
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Morphological Variation in Ethiopian Barley Ger mplasm
(Hordeum vulgareL.)

TIEGIST ABEBE, JENS LEON, ANDREA BAUER
University of Bonn, Institute of Crop Science and Resource Conservation, Germany

Ethiopia, with its diverse agro-ecological and climatic features, is well known for be-
ing one of the 12 Vavilovian Centers of Diversity. Barley (Hordeum vulgare L.) is
one of the oldest cultivated crops and has been grown in Ethiopia for at least 5000
years. The altitudinal variation, which ranges from 110 m below sea level in areas of
Kobar Sink, to 4,620 m a.s.l. at Ras Dashen, temperature and rainfall differences cou-
pled with edaphic factors creates a wide range of ecological conditions in the country.
Barley landraces, having evolved across thousands of years in a multitude of environ-
ments and local farming systems, have developed abundant patterns of variation and
would represent a largely untapped reservoir of useful genes for adaptation to biotic
and abiotic stresses. In Ethiopia Barley growing areas gradually diminish due to the
expansion of wheat and rye cultivation in some regions. Currently the crop is pushed
to marginal areas (to very high altitudes where frost prevails) and threatened by ge-
netic erosion. Therefore, rare morphotypes are declining in frequency of occurrence
through time.

The objectives of this study were to assess the extent of morphological variation in
barley accessions in respect to regions and altitude of collection, to classify the acces-
sions into relatively homogenous groups and to identify the major traits contributing
to the overall genetic diversity of the germplasm. For this study a total of 199 barley
landraces collected from 10 administrative regions of Ethiopia and four released cul-
tivars were evaluated for 10 agronomic traits. The trial was conducted at Holeta and
Bekoji Agricultural Research Centers, Ethiopia, in the main cropping season of 2006.
In this contribution, results of this study will be presented and discussed.

Keywords:. Ethiopia, genetic diversity, landraces, morphological variation
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Natural and Anthropogenic Factors Affecting Gene Flow in Crop
Sorghum and their Implicationsin Ensuring Varietal Integrity
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Genetics, Germany
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Ensuring varietal integrity is vital in achieving durable stability of introgressed traits
and desirable agronomic qualities of improved crop varieties. The integrity of a vari-
ety depends on its purity and stability of heritable characteristics. Erosion of varietal
integrity is mainly caused by gene flow through migration of individuals (e.g. seeds)
or gametes (e.g. pollen). Presented here are results of a multi-approach based study
to understand the effects of natural and human mediated factors affecting gene flow
in sorghum [Sorghum bicolor (L.) Moench]. Outcrossing rates and pollen dispersal
distances of landraces and modern varieties from Sudan and Kenya were analyzed.
Further, simultaneous characterisation using molecular markers (microsatellite) of
populations of several varieties from contrasting agro-eco-systems, Western Kenya
and Eastern Sudan were done. On average, the Sudanese cultivars used in this study
had higher outcrossing rates than those from Kenya (18.5 and 4.5 %, respectively).
Pollen dispersal decreased drastically with increase in distance. Maximum dispersal
distance was 200 m based on a mathematical modelling of the data. Microsatellite
characterisation of in situ collected varieties revealed the impact of different seed sys-
tems and farming practices on their genetic structure. Differently named varieties
from Western Kenya, particularly landraces were not resolved using the microsatel-
lite data while those from Sudan were genetically well differentiated. Despite the high
outcrossing rates of the samples from Sudan, the high genetic differentiation suggests
that farmers’ practices and seed systems play an important role. Indeed, it emerged
from interviews with the farmers that varietal isolation is commonly practised in Su-
dan but rare in Kenya, due to small field sizes. Furthermore, the study shows that
formal seed sector is more active in Sudan than in Kenya as far as sorghum is con-
cerned. Finally, this study provides recommendations for maintenance of varietal
integrity of improved varieties under diverse farming and seed management systems.

Keywords. Gene flow, microsatellites, outcrossing rates, pollen dispersal, seed sys-
tems, sorghum, varietal integrity
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New Bananas for Poor Farmersin Tanzania— The Contribution of
Agricultural Research to the Millennium Development Goals
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Bananas are a main staple food for rural households in East and Central Africa. Low
productivity and susceptibility to diseases of traditional cultivars are major constraints
for the production of food and income generation. In order to address these problems,
banana cultivars with resistance to major diseases and higher yield potential have been
disseminated in Kagera Region, Tanzania since 1997,

This study investigates to what extent the introduction of the new banana cultivars
has contributed to the Millennium Development Goal on the reduction of poverty and
hunger. Three questions were posed with particular reference to the poorest farm
households in Kagera Region (a) to what extent have poor households adopted the
new banana cultivars, (b) what factors drive or hinder the adoption of new banana
cultivars among this group of farm households and (c) what has been the impact on
food security and income generation. Panel data from household surveys in 2003 and
2008 were analysed to assess income growth and food security using a differences-in-
differences approach. Rather than comparing absolute differences between adopters
and non-adopters, in this approach growth rates over time are compared, controlling
for fixed household effects e.g. differences in assets, education and/or infrastructure.
The results show that the new cultivars demonstrate increased productivity thereby
improving food availability in adopting households. The first adopters were house-
holds with higher education levels and larger farms. Households with more live-
stock assets were more likely to adopt the new cultivars, which is explained by the
production of fodder as a by-product of the new bananas. However, over time, the
differences in adoption rates of the new cultivars for poor and wealthier households
diminished. The more marginal households were also able to use and benefit from the
cultivars. Especially the lack of knowledge about processing and use of the new culti-
vars seemed to be a factor in delaying the adoption by poor households. These results
show that in order to achieve faster impacts on poverty reduction and food security,
the specific information needs of poor farmers should be addressed more explicitly in
the dissemination of new technologies.

Keywords. Banana production, food security, impact assessment
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Genetic Diversity and Greenhouse M odelling for M ore Successful
Crop Production — A Case Study of Solanum lycopersicum grown
in Greenhousesin the Tropics
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The tomato crop is an invaluable source for essential vitamins and minerals. Abiotic stresses
restraint tomato greenhouse production in the tropics mainly due to high temperatures. The
development of crop plants tolerant to high temperatures is essential to meet the growing food
demand and sustainable agriculture.

In the tropics, where the crops are near their maximum temperature tolerance yields are likely
to decrease. The objective of plant breeding for stress environments is to accumulate favourable
alleles that contribute to stress tolerance in a plant genome. To enable improvements in ther-
motolerance, it is necessary to determine the genetic variation available for heat tolerance.
Screening techniques are required to characterise this variation, to identify appropriate breed-
ing materials and ultimately for selection for improved adaptation.

Earlier investigations revealed pollen as indirect selection criterion for heat tolerance since
pollen viability and pollen amount are negatively influenced by high temperatures. There-
fore, pollen viability and pollen amount which are essential for successful fruit fertilisation
were investigated both under controlled conditions and in greenhouses with different set-ups in
Thailand.

Experiments were undertaken to characterise the genetic variability of 16 tomato genotypes
under greenhouse growth conditions in Thailand with regard to heat tolerance.

Generally, gene resources for tolerance to environmental stresses are not found within the cul-
tivated species of tomato, in part due to the limited genetic variation, which resulted from the
occurrence of several population bottlenecks during domestication and evolution. Nevertheless,
our investigations under heat stress revealed remarkably variation between the pollen traits of
the genotypes classified as heat tolerant by their suppliers.

The different greenhouse set-ups influenced the pollen characteristics in different ways de-
pending on the season and other factors than ambient air temperatures were shown to influence
pollen viability negatively.

We proved that genetic variation exists in the ability to reproduce under heat stress conditions
even within Solanum lycopersicum and this needs to be combined with the increased ability of
yield due to enhanced growing conditions obtaining an increased stability of yield.

Keywords: Genetic diversity, heat tolerance, Solanum lycopersicum, tomato
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Path and Correlation Coefficients between some Quantitative
Traits among Genotypes of Pear|l Millet (Pennisetum glaucum)
under Sudan Conditions
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Fifteen genotypes of pearl millets (Pennisetum glaucum L.) were evaluated under field
conditions at two locations (Elrawakeeb and Shambat) of Sudan, during the years
2003 and 2004. The study was conducted to determine the interrelationship between
yield and yield components and other quantitative traits, including days to 50 % flow-
ering, date to maturity, panicle length, dead part length/main head and plant height.
The path analysis and phenotypic and genotypic correlation coefficients were calcu-
lated.

The results showed that strong and positive significant genotypic and phenotypic cor-
relations were observed between grain yield/plant with its components and other
quantitative characters, but it has negative association with days to 50 % flowering,
date of maturity and dead part length/main head. The path analysis indicated that,
number of fertile tillers/plant had the highest direct effect on grain yield/plant. How-
ever, number of seeds/head and 1000-seed weight had the least direct effects on grain
yield/plant. The direct effect of 1000-seed weight was greatly reduced by the negative
indirect effects through number of fertile tillers/plant and the number of seeds/head.
Similarly, the direct effect of number of seeds/head was very much influenced by the
indirect effect of 1000-seed weight and dead part length/main head.

Based on results of this study it could be concluded that, the path analysis and phe-
notypic and genotypic correlations indicated that the number of fertile tillers/ plant,
number of seeds/head, 1000-seed weight and panicle length/main head could be iden-
tified as the most important characters that are associated with yield, and therefore
can be used as selection criteria for improving pearl millet.

Keywords:. Correlation, genotypes, path coefficients, pearl millet, Sudan, traits
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for On-Farm Selection and Participative Breeding of Wheat
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Plant breeding approaches favouring genetic uniformity for all traits has drastically
reduced the diversity within varieties and species in agriculture over the past 100
years. Breeders and pathologists have all along pointed out that almost all co-evolu-
tionary processes between hosts and their pests and pathogens have been eliminated.
Also, dynamic adaptation of plant populations to changing environments e.g. climatic
change is much hampered. While traditional landraces usually are genetically more
plastic than modern varieties they often are inferior in performance. An alternative
“evolutionary breeding” approach using composite crosses (CC) of up to 20 modern
wheat varieties is currently pursued by a network of scientists within Europe. Three
populations consisting of all 20 parents, 12 high quality or nine high yielding parents
were created in 2001 and F4 seeds were distributed in 2005 to researchers within a
European network. The aim is to produce modern landraces that combine the advan-
tages of the breeding successes of the last 120 years, while reintroducing diversity
into the system. In addition, within the populations new genotypes are expected to
arise constantly. Currently, the CC populations that are being maintained at Univer-
sity of Kassel under organic and conventional conditions are in the F7 in replicated
large plots and compared to modern wheat varieties grown under the same conditions.
The morphological and resistance diversity in the populations is still extremely high,
indicating ongoing outcrossing and segregation. The presentation will give a general
introduction into the concept of modern landraces for diversified agricultural systems
and the potential of this approach for use in participatory breeding. Field data up to
the F7 will be presented.

Keywords. Co-evolution, evolutionary breeding, modern landrace, plant protection
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Schoenocaulon officinale (Schitdl. & Cham.) A. Gray ex Benth., known as Sabadilla,
is used in folk medicine since ancient times. The agents, belonging to the alkaloids
of the veratrum group, are reported to treat skin-infecting fleas, lice, and mites while
In homeopathy medicine is used against flu and fever. It is also known as natural
Insecticide to treat ectoparasites in animals. At present, pharmaceutical enterprises
strive for extending the use of S. officinale but face many problems regarding quantity
and quality of seeds collected from the wild. Therefore, the objective of this project
Is to establish a seed production system under greenhouse conditions. Seeds of S.
officinale were collected in January 2008. The tetrazolium test showed a viability
of 97 %, the germination test at 20°C showed 97 % germination without any spe-
cific treatment for breaking dormancy. Seeds obviously show no dormancy. Further
tetrazolium and germination test will be performed at regular intervals during stor-
age to evaluate storability of the orthodox seeds. Cooking at different temperatures
will be checked as mean for accelerating and uniforming germination. Seedlings will
be grown in greenhouses under different temperatures and light regimes to evaluate
optimum development conditions for flowering and seed set. Plant biomass will be
weighted regularly to identify optimum growth conditions.

The comprehensive knowledge about the demands of the species during the early
development stages will be the basis to initiate species cultivation. Since seed wild
collection is currently increasing, future domestication of the species will help to
reduce collection pressure on wild populations.

Keywords. Domestication, insecticide, Liliaceae, medicine, veratrum, wild collec-
tion
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M odelling of Longterm Pasture Production and Estimation of
Carrying Capacity of Ankole Pastoral Production Systemsin
Southwestern Uganda
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Ankole cattle pastoral production system in southwestern Uganda is based on pastoral
grazing without supplementary feeding or regular water availability. In this area live-
stock production is highly dependent on the availability of natural grazing, the quan-
tity and quality of which are primarily determined by the amount and distribution of
rainfall. Recent development of opportunities in milk marketing such as establish-
ment of a good road network in combination with the organisation of milk collection
and processing centres, led to a market outlet for milk in urban areas. These prevail-
ing market conditions have led to an increasing tendency by the farmers towards the
keeping of separate herds of both Ankole and Ankole-Friesian crossbreeds for beef
and milk production respectively. This emerging production system raises a number
of questions concerning its sustainability in an area characterised with high disease
incidence and long droughts. The success of any grazing management strategy de-
pends on the ability to track availability of forage on the range and being able to
relate it to the number of animals that can be grazed on the rangeland. The amount
of available forage and the number of animals grazing on the area effect intake and
therefore animal performance and productivity per unit area. A dynamic stochastic
compartment model based on difference equations programmed in STELLA 9.0.2
(High Performance Systems, Inc., Hanover, New Hampshire) was developed to sim-
ulate the dynamics of standing crop forage using the concept of rain use efficiency
(RUE, kg DM produced ha mm™ rainfall year!). The model predicts the long term
pasture production and carrying capacity of the production system. The study com-
pares the carrying capacity with the current stocking rates in the area.

Keywords: Ankole cattle, modelling, pasture, production system, Uganda

Contact Address: Henry Mulindwa, National Agricultural Research Organisation (NARO), National
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The Effect of Crude Oil on the Growth of Dagarti Beans (Vigna
unguiculata)

RITA TAKYI
Ghana Atomic Energy Commission, Biotechnology and Nuclear Agricultural Research
Institute, Ghana

An experiment was carried out on the effect of crude oil on the growth of Dargarti
beans, scientifically known as Vigna unguiculata. The seed germination, stem height,
leaf area, dry weight of the shoot and root determination were studied. Six kilo-
grams of sterilized black soil sample was weighed and filled into a black perforated
polythene bag. The soil samples were treated with different concentrations of crude
oil ranging from 1%, 2%, 3%, 4%, and 5%. The control sample consisted of soil
which had not been treated with any concentration of crude oil. Ten viable Dagarti
beans were sowed in each sample and thinned out after the first two weeks of germina-
tion. The seedling germination and the stem height were measured in the course of the
study whereas the leaf area, the dry weight of the shoot and the root were determined
at the end of the six week period. The growth parameters of the seedlings decreased
with increase in concentrations of the crude oil throughout the study period. It was
found out that the crude oil pollution in the soil destroyed the soil structure, texture
and water holding capacity by binding itself to the soil. It was therefore suggested
that more research be conducted into crude oil to determine the exact component of
the crude oil that destroys the soil properties. It was also suggested that intensive ed-
ucation on crude oil pollution should be carried out for those in the agricultural sector
especially those around the mining sector of Ghana.

Keywords. Beans, crude oil, pollution, seedlings, Vigna unguiculata
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Forage Nutrition of Range Grasses Growing in Northeastern
M exico

ROQUE G. RAMIREZ LozANO!, Rocio MORALES-RODRIGUEZ!, ANDREA
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JUAREZ—REYES3, MARIBEL GUERRERO-CREVANTES?
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The quality of range grasses is correlated with season and plant phenology. There are
usually parts of each year when the nutritional value of vegetation is high and low.
Typically, plants are of highest quality during their growing season. However, within
the growing season there may be significant differences in nutritional quality. The
objective of this study was to quantify the differences in nutritive value, over four sea-
sons, of native gasses such as Bouteloua curtipendula, Bouteloua trifida, Brachiaria
fasciculata, Digitaria insularis, Chloris ciliata, Leptochloa filiformis, Panicum hal-
lii, Panicum obtusum, Paspalum unispicatum, Setaria macrostachya, Setaria grise-
bachii, Tridens eragrostoides, TRIDENS MUTICUS and naturalised Cenchrus ciliaris
and Rhynchelytrum repens that are used as forages for range sheep. Cenchrus ciliaris
was included as reference grass of good nutritional quality. Plants were collected
in autumn of 2001 and winter, spring and summer of 2002. The nutritive value
was assessed in terms of nutrient content, effective rumen degradable dry matter
(EDDM) and crude protein (EDCP), metabolisable energy (ME) and metabolisable
protein (MP). Most grasses had CP content comparable to the reference C. ciliaris
grass (global annual mean = 12.0 %) and some of them were higher (14.0%). Cell
wall (NDF) and lignin content were lower in C. ciliaris (65.0%, 3.0, respectively)
than other grasses (mean = 70.0%, 6.0, respectively). All grasses had less EDDM
(mean = 42.0%) than C. ciliaris (47.0%). However, half of them were higher in
EDCP. All grasses had ME content (mean = 1.33 Mcal kg—! DM) that was lower
for maintenance requirements for growing grazing beef cattle. Conversely, mean MP
values (6.8 g kg~ DM) were sufficient. All grasses, in all seasons, had sufficient CP
and MP content to meet the maintenance requirements of growing beef cattle; higher
levels were observed in summer and autumn. The same pattern occurred in EDDM
and EDCP. Because of their higher nutritional quality, grasses such as B. fasciculata,
C. ciliata, P. hallii, P. obtusum, S., grisebachii, S. macrostachya and T. eragrostoides
can be considered good forages for grazing beef cattle.

Keywords. Chemical composition, range grasses, metabolizable energy, metaboliz-
able protein, rumen degradability
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Constraints and Potentials for Environmental Protection in the
Agro-Pastoral Land Use Systems of the Hawf Protected Area,
Yemen
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Little is known about the agro-ecological conditions of the Hawf Protected Area in
South-East Yemen, a unique Anogeissus dhofarica seasonal cloud forest on the Ara-
bian Peninsula. To contribute to efforts geared towards conservation of this unique
ecosystem, this study examines local agro-pastoral knowledge and crop cultivation
with particular emphasis on resource users’ willingness to abandon shifting cultiva-
tion practices. Semi-structured interviews were conducted to unravel what farmers
perceived as the most pertinent problems in securing livelihoods in general as well
as problems in livestock and crop husbandry. Farmers were further asked how these
problems are related to environmental factors and how they might be addressed so
as to meet the conservation goals of the protected area. Crop husbandry was charac-
terised according to four parameters important for the farming system: (i) use inten-
sity of single components; (ii) increase/decrease of productive elements; (iii) use of
water and land; and (iv) variations in per hectare yields through use of inputs, which
emerged as an often neglected aspect and was evidenced by the management mea-
sures taken on cultivated land holdings. Also investigated were the production and
consumption patterns of farm households.

The results show that the major constraint to environmental protection in the Hawf
area is not a lack of local knowledge manifesting itself in an adherence to detrimental
traditional cultivation practices. Rather, changes in pastoral practices do not allow for
the regeneration of the original forest cover in fallowed land. Wood extraction for
construction purposes, requiring as many as 100-150 trees for a single house, is the
main agent of deforestation. Moreover, the loss of traditional knowledge about crop
husbandry and its increasing marginalisation reduces the dietary diversity of the local
population with expected negative consequences for people’s health.

Keywords. Agro-pastoral knowledge, conservation, crop production, Yemen

Contact Address: Andreas Buerkert, University of Kassel, Organic Plant Production and Agroecosys-
tems Research in the Tropics and Subtropics, SteinstraBe 19, 37213 Witzenhausen, Germany, e-mail:
tropcrops@uni-kassel.de

206



Forage production and plant pollution — Posters

Physico-Chemical Characteristics, Sustenance of Aquatic Life and
Socio-Economic Impact of 1beshe River on | nhabitants of two
Villagesalong its Course
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A study was conducted to assess the physico chemical characteristics of Ibeshe River
and the sustenance of aquatic life. The results revealed a high pollution rate as a result
of the effluent discharged into it from Nichemtex industry (a textile mill). Biological
assessment revealed low species diversity compared with the control water. Analysis
of the main effluent (Nichemtex wastewater) showed, total suspended solids (TSS):
400 mg I, biological oxygen demand (BOD): 362.6-397.1mg %, detergent: 40.2—
47.9mg I, oil and grease: 28.3 - 31.2mg I, alkalinity: 575-1225m I"1; were higher
than FEPA’s limit for effluent discharge. Dissolved oxygen (DO): 3.30-3.90mg I
was below FEPA’s limit of 5.0 mg.

Physico-chemical characteristics of the sediment samples, showed that the iron (3.67—
12.63m 1Y), lead (0.23-2.01m I'1), copper (0.41-4.86 m I'1) concentrations were higher
than of water samples: Iron (0.23-0.87m 1), lead (0.02-0.17mI), copper (0.06—
1.24 m It) suggesting the sediment as the ultimate sink of most heavy metals in the
water. The study further revealed that economic activities have dwindled consider-
ably at Offin and Abuja villages because of the disappearance of aquatic fauna from
the river. Prior to this time, fishing had been the mainstay of the people, but since the
establishment of the textile industry in the area this economic activity has stopped. It
was also the source of drinking water and household water use. This has also stopped
since strange ailments recorded by health workers in the area have linked it to bad
drinking water. From this result, it is clear that Ibeshe river pollution is traceable to
the effluent discharge from Nichemtex and therefore the need to take appropriate mea-
sures to preserve the aquatic life and also improve the social well being of inhabitants
along its course.

Keywor ds: Heavy metals and species diversity, water analysis
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Fodder Balance and New Approach for Management of Pastoral
Ecosystemsin North-Benin

GASTON HOUNGUE, OSCAR TEKA
Abomey Calavi University, Laboratory of Applied Ecology, Benin

The seasonal shortages and the poor quality of available fodder are the major prob-
lems faced by cattle breeders in Benin. These factors are sources of several conflicts
between breeders and farmers in the north of the country. Getting data on the evolu-
tion of the natural grasslands is an urgent need today. It is within that framework that
the present study on carrying capacity and the management of ecosystems in northern
Benin was carried out. The aims of the study are: (i) to make the typology of the
pastoral resources of the area, (ii) to determine the productivity and carrying capacity
of the various types of Grasslands, (iii) to analyse the modes of exploitations of the
fodder resources in the area (iv) to identify the impacts of these modes on the via-
bility of the pastoral ecosystems and (v) to propose a strategic plan for sustainable
management of those ecosystems.

Overall, 6 types of grasslands were identified on the basis of phytosociological field
surveys. The average potential productivity of the herbaceous layer is about
3.71tDMha! 4+ 2.07. That of the harvested residues is 0.12t DM ha* 4 0.07. This
corresponds to a carrying capacity of 0.32UBT ha*year! + 0.31 compared to a
seasonal load rate of 0.34UBT hat year! 4+ 0.11. This results in a surplus load of
0.02UBT ha'l. This situation obliges breeders to prune woody fodder. The impacts
of such practices are already perceptible on Khaya senegalensis and Afzelia africana
whose individuals present traces of multiple pruning. Strategic proposals for the con-
trol of the load rate (differential taxation) and the use bush fires,, with the aim of
improving the quality and production of fodders, were formulated.

Keywords. Benin, carrying capacity, fodder resources, modes of exploitation, viabil-
ity
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Canavalia brasiliensisand Vigna unguiculata at
Different Growth Stages

SIRIWAN MARTENS, PATRICIA AVILA, LUIS H. FRANCO, MICHAEL PETERS
International Center for Tropical Agriculture (CIAT), Tropical Forages, Colombia

The cover crop legume Canavalia brasiliensis can be grown on a wide range of soils:
soil pH 4.3-8.0, low fertile soils and up to a height of 1000 m .a.s.l. The annual Vigna
unguiculata shows even a wider range of environmental adaptation.

The high level of crude protein of these legumes suggests a good suitability as feed
supplement for ruminants and possibly even for swine.

Canavalia brasiliensis CIAT17009 and Vigna unguiculata CIAT9611 were estab-
lished in September 2007 at Palmira station, Colombia, in quadruplicate. Each plot
had a size of 5 m x 3m. Row-spacing was 70 cm and within rows 30 cm or 20cm
respectively for Vigna at a sowing rate of 20 kg ha™.

Canavalia was harvested at 8, 12, 16 and 20 weeks of growth, Vigna at 6, 8, 10 and
12 weeks. Yield, feed value and ensilability were determined.

The dry matter yield of Canavalia developed slowly from 1.1tha after 8 weeks of
growth to 3.6tha™ after 12 weeks, then to 6.1tha™ at 16 weeks and 12.3tha DM
after 20 weeks. The DM content rose from 21 to 24 % from 8 to 16 weeks, and to
39 % after 20 weeks. The fast growing Vigna started with a DM yield of 1.7 tha™ (6
weeks), and increased to 3.5, 5.1 and 8.5tha™ with 8, 10 and 12 weeks, respectively.
Vigna had a high water content in the stems, resulting in a total DM of 11-13 % until
10 weeks. Only in the final stage of pod ripening the DM content rose to 21 %.
Throughout the weeks 6 to 10 Vigna had a high in vitro DM digestibility (IVDMD)
for ruminants of > 74 % and a CP content of 20-17% in DM in comparison to 59—
65 % IVDMD and around 16 % CP of Canavalia from 8-20 weeks. When Canavalia
was used on-farm as a supplement in Nicaragua, it improved the performance of dairy
cattle (van der Hoek, this volume).

Keywords. Canavalia brasiliensis, feed value, yield
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Short-Term Variation of Pesticide Loadsin Mae Sa River,
Northern Thailand

WALAYA SANGCHAN?!, JOACHIM INGWERSEN?2, THILO STRECK?
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Agriculture in the mountainous region of northern Thailand has been changed from
traditional slash and burn to permanent cropping of cash crops. This land use change
has been accompanied by an increased input of agrochemicals, which may be lost to
streams and thus contaminate the surface waters in the lowlands. In previous phases,
transport processes and flow mechanisms controlling the transport of pesticides from
agricultural field into stream in field scale of the upland hill were studied. The inves-
tigations showed that pesticides are lost to the river predominantly by surface runoff
and preferential interflow. There are several factors which affect loss of pesticides to
surface waters; the time interval between the application and heavy rainfalls, the slope
and the soil types in a catchment. The aim of this study is to determine the extent to
which pesticide are lost to the Mae Sa stream and to explore the dynamics of losses
after the first rain events in the rainy season. Pesticides monitored in this study include
two organochlorines (Endosulfan, Chlorothalonil), four organophosphates (Dichlor-
vos, Chloropyrifos, Dimethoate, Atrazine), one pyrethroid (Cypermethrin), and one
benzenoid fungicide (Metalaxyl). Water samples were collected in the beginning of
the rainy season 2008 in the Mae Sa watershed (77 km?), northern Thailand. We
used automatic samplers (ISCO 6217) at two locations of the main river, upstream
and at the outlet. Sampling was performed either at selected times or volume-pro-
portional. Samples were taken before, during and after stormflows. Water samples
were extracted by SPE (solid phase extraction) method. Finally, the samples were
analysed by GC-ECD or GC-NPD. The method for analysing water samples for the
seven selected pesticides has been established. Limits of detection (LOD) were in the
range of 0.3-10ng ml* for GC-uECD and 5-30 ngml™ for GC-NPD. In a pre-test,
Cypermethrin and Atrazine could be detected in river water. Finally, the short-term
dynamics of pesticide loads into Mae Sa River in the beginning of the rainy season
2008 will be shown.

Keywords:. First rainfall, pesticides, short-term dynamics, watershed
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| dentification of Effective Factorsof Range Degradation in Zab
Water shed, Kurdistan Province, Iran

HOSEIN AZARNIVAND, S.A.N. SADEGHI SANGDEHI, HAMID REZA NASERI, A.
TAVILI, KH. AWSATI
University of Tehran, Department of Range and Watershed Management, Iran

One of the important steps in conservation of rangelands is recognising the threatening
and destructive factors. This helps us to modify management decisions in order to
Improve, conserve and develop rangelands. The aim of this research was to determine
the most destructive factors of Zab rangelands and find suitable methods of vegetation
reclamation and improvement in Zab watershed located in Kurdistan (Baneh city) and
western Azerbaijan (Sardasht and Piranshahr city) provinces. This research has been
done according to the following steps:

-searching and studying the existent references

-visiting and assessment of natural, social and economical conditions: this step in-
cludes direct study that has been done in 7 villages, to know the village’s people job
and condition of these rangelands.

-preparation of questionnaire: in this step the questionnaires were prepared and de-
livered to the range experts. The questionnaire consisted of the key question about
rangeland deterioration and some recommendation about how to make better range-
land condition. The questionnaires were given to the experts of main office of natural
resources. Classification and analysis of data had done by SPSS software.

Analyzing the questionnaires of experts showed that 62.5% have emphasised on
heavy grazing and 27.5% believed that land use changes from rangeland to rain fed
farming are main reasons of rangeland deterioration. One of the considerable results
of this study is the main role of the fossil fuels contraband to Irag. This could be a
real reason for the costliness and shortage of this fuel, in comparison with the other
watersheds.

Keywor ds. Farmlands, range degradation, stoking grazing, Zab watershed
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Short-Term Effects of Stocking Rate and Management System on
Yield Performance and Forage Quality in the Inner Mongolia
Grassland Ecosystem
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LUniversity of Kiel, Institute of Crop Science & Plant Breeding - Grass and Forage Sci-
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2University of Kiel, Institute of Animal Nutrition & Physiology, Germany
3The Chinese Academy of Sciences, Institute of Botany, China

Overgrazing leads to degradation of the natural grassland in Inner Mongolia (China).
Increasing stocking rates affect the long-term productivity of the Leymus chinensis
and Stipa grandis dominated steppe. The aim of this study is to figure out the impact
of grazing intensity and management system on yield performance and forage quality
in a semi-arid environment. In this context short-term effects of grazing by sheep
were determined experimentally in grasslands within the Xilin River Basin (116°42’
E, 43°38" N).

Two grazing systems (mixed and traditional) and seven grazing intensities (0, 1.5, 3,
45,6, 7.5, 9 sheep ha—1) were analysed in a split-block designed grazing experiment
with two replications. Each system included areas for grazing and for haymaking.
While in the Mixed System (MS) an annual shift between grazed and hay plots oc-
curred, the Traditional System (TS) indicates a permanent separation of haymaking
and grazing areas throughout the years. Due to the annual shift between haymaking
and grazed sites we assume higher recovery and productivity potentials in the MS.
Analysis of variance was performed for 2005 and 2006 separately using the Mixed
Model of SAS 9.1.

Intensification of grazing showed negative effects on annual herbage mass produc-
tion in the short-term. Forage quality parameters were also affected by stocking rate.
Crude protein (CP) content decreased with increasing stocking rates in both experi-
mental years. Other quality parameters, like in vitro digestibility (CDOM) and fibre
concentration (NDF and ADF), showed inconsistent responses between the years.
System related effects on yield parameter and forage quality were only marginal after
two years. Concluding, herbage mass productivity and CP content were affected in
the strongest form by altering stocking rates.

Keywords: Forage quality, stocking rate, management system, semi-arid grassland
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Partitioning Pattern and Biomass Production of Yam
(Dioscorea rotundata)

AMIT KUMAR SRIVASTAVA, THOMAS GAISER
University of Bonn, Institute of Crop Science and Resource Conservation, Germany

There has been a decline in yam production relative to cassava and rice in Africa
but yam is such a preferred staple food that, bearing in mind population increases,
demand will remain and there will not be an absolute decline. Tuber yield of yam
(Dioscorea rotundata) is determined by the total production of dry matter (DM) and
its distribution within the crop dry matter partitioning is of great importance in crop
production. Improvement of crop yield by plant breeding has resulted from higher
harvest indices rather than improved DM production. However, there are limits to the
fraction of assimilates that can be diverted to the harvestable organs. In this present
study the effect of fertiliser on biomass production and the distribution of dry matter
increments to the plant parts of white yam was determined by analysing data from
field experiments set up in the Upper Oueme Basin (Benin Republic) over two years
(2005 and 2006) where yam was harvested periodically during the entire stages of its
growth. It can be concluded that fertiliser application has highly positive significant
effect on total biomass production of yam in both the years (an increase of 42 % and
84 % in total biomass production under fertilised condition was registered in year
2005 and 2006 respectively) and dry matter distribution tended to follow a regular
pattern if expressed as a function of phenological growth phase of the crop in both
fertilised and unfertilised management practice.
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Water Use, Yield Formation and Gas Exchange of Cowpeas under
Water Deficit at Flowering

SAMSON HUNI, HELMUT HERZOG
Humboldt-Universitat zu Berlin, Department of Crop Science in the Tropics and Sub-
tropics, Germany

A greenhouse experiment with two irrigation treatments [control at 40 to 80 hPa and
water deficit (wd) stress at 350 to 400 hPa] were conducted from September 2004 to
February 2005 with nine non-nodulated cowpea [Vigna unguiculata (L.)] genotypes.
At the onset of flowering wd stress was imposed to determine the effect on gas ex-
change, evapotranspiration efficiency (ETE) and productivity (biomass and yield), the
relationship among these characteristics, and to identify possible surrogate traits for
ETE and leaf-level transpiration efficiency (TE;) in relation to yield.

Gas exchange [net assimilation rate (A), transpiration rate (E) and stomatal conduc-
tance (gs)] declined under water deficit (wd) stress. However, TE; (that is A/E) was
enhanced. Extended flowering relative to control ensued from wd. Under wd plants
had shorter stems, reduced leaf area, increased specific leaf area (SLA), reduced shoot
biomass, but the response of evapotranspiration efficiency (ETE) varied in genotypes.
Relative to control wd reduced pod and seed mass in eight out of the nine genotypes.
Pod and seed number displayed a corresponding reaction. Single grain mass, shelling
out-turn and harvest index (HI) remained constant, declined or increased depending
on genotype.

There were correlations among gas exchange parameters under both treatments. Among
TE;, ETE and HI no relationship was detected in both treatments, while there were
correlations among gs, ratio of stem length to stem mass (SMLR), ETE, SLA, biomass,
pod and seed yield, and HI. Wd stress tended to reduce or remove those relationships.
A wd susceptibility index calculated on the basis of seed yield indicated that UCR
328, Tu 12348 and IFH 27-8 were the least wd susceptible genotypes. Gas exchange
had no direct bearing on productivity.

Keywords. Cowpea, evapotranspiration efficiency, harvest index, stem mass to stem
length ratio, stomatal conductance, water deficit, water use
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Methods to Record L eaf Senescence for Assessing Drought
Resistance of Sorghum

STEFANIE BUSCH, HELMUT HERZOG
Humboldt-Universitat zu Berlin, Department of Crop Science in the Tropics and Sub-
tropics, Germany

Sorghum (S. bicolor L. Moench) is one of the most drought resistant crops. It is assumed that
drought stress reduces yield via coordinated lowering of photosynthetic capacity and yield po-
tential, and hence both effects were correlated with accelerated leaf senescence. Consequently
we tested two non-destructive methods of leaf senescence assessment: measuring light reflec-
tion (digital imaging) and light transmission (SPAD-based Hydro-N-Tester).

For light reflection digital photographs of leaves or standardised segments of seven genotypes
were taken during a greenhouse experiment and were analysed for the green and red light reflec-
tion per unit leaf area using Sigma Scan Pro 5.0 software. With respect to different irradiation
in the greenhouse while taking the photographs, adjustment of the original values by simulta-
neous measurements of white or green standard plates was made. The regression of the original
and the adjusted values with chlorophyll content of the segments was calculated. In a second
experiment twelve genotypes were used for light transmission measurement with thirty mea-
surement points per leaf. Also regression curves were calculated. Chlorophyll was generally
determined by a colourimetric method.

For the light reflection method we found that average red values correlated better (r2=0.723)
with the chlorophyll content than average green values (r?=0.526) and adjustment with the val-
ues of the white and green plates led to a marginal improvement of the correlation (r2=0.736)
and lowering (r2=0.327), respectively. Genotypes exhibited differences in correlation coef-
ficients (r=0.495 to 0.998). The segments chosen for the photographs represented the leaf
values very well (r?=0.853).

The correlation of the N-Tester values of leaf segments with correspondig chlorophyll con-
tents differed considerable between genotypes (r2=0.474 to 0.922), while the correlation of the
leaves*N-Tester values with the leaves‘chlorophyll content was weaker (r2=0.004 to 0.908).
We conclude that light reflection measurement is more labour-intensive than light transmission
measurement, but these values represent chlorophyll content of leaves better than N-Tester
values of leaves. N-Tester values of segments were as highly correlated to chlorophyll content
as average red values of segments. However, use of N-Tester obviously is restricted to leaves
with chlorophyll contents not exceeding 5 mg dm2 because of biasses by high scattering within
the leaf.
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Yield and Nutrient Uptake of Yam (Dioscorea spp.) as Affected by
Phosphorus Application and Arbuscular Mycorrhizal Inoculation

MICHAEL OLAJIRE DAREL, ROBERT ABAIDOOY, OLAJIRE FAGBOLA?

Linternational Institute of Tropical Agriculture (IITA), Soil Microbiology Unit, Nigeria
2University of Ibadan, Department of Agronomy, Nigeria

Yam is a major staple food for rural communities in West Africa. Sustainable pro-
duction in the traditional yam cropping system, faced with declining soil fertility,
could benefit from yam-arbuscular mycorrhiza (AM) symbiosis. However, only lim-
ited information about arbuscular mycorrhizal (AM) colonisation of yam exists. A
pot experiment was conducted to collect information on response of two yam geno-
types (Dioscorea rotundata accession TDr 97/00903 and Dioscorea alata accession
TDa 297) to AM inoculation (with and without) and phosphorus (P) (0, 0.05, 0.5 and
5mgP kg™ soil). Factorial combinations of the treatments were arranged in a com-
pletely randomised design with four replicates. TDr 97/00903 showed a higher degree
of responsiveness to arbuscular mycorrhizal inoculation at 0.05, 0.5 and 5mgP kg
soil than TDa 297. The highest AM responsiveness for tuber yield (52 %) was ob-
tained at 0.5mg P kg soil rate and at 0.05mgP kg™ soil for shoot dry matter (35 %)
in TDr 97/00903. TDa 297 had highest AM responsiveness for tuber yield (23 %) at
0 mg P/kg soil and for shoot dry matter (21 %) at 5mgP kg soil. Mycorrhizal in-
oculation significantly increased the root dry weight and tuber yield of TDr 97/00903
with the highest values obtained at 0.5mgP kg™ soil rate. Percentage AM colonisa-
tion was significantly lowered at 5mgP kg™ soil concentration in mycorrhizal plants
of both genotypes. P uptake was highest at 0.5 mg P kg™ soil in both genotypes and
was significantly influenced by AM inoculation. Nitrogen (N) and potassium (K) up-
take were highest in mycorrhizal plants at 0.05mg P kg™ soil of TDr 97/00903 but at
0.5mgP kg™ soil of non-mycorrhizal plants of TDa 297. The increased tuber yield
and nutrient uptake observed in the mycorrhizal plants of yam indicate the poten-
tial for the improvement of nutrient acquisition and tuber yield of yam through AM
symbiosis.

Keywords. Arbuscular mycorrhiza, nutrient uptake, phosphorus response, root mor-
phology, yam
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Genotypic Variation among Wheat Cultivarsto Combat Zinc

Deficiency Stress
MUHAMMAD AAMER MAQSOOD, SHAMSA KANWAL, RAHMATULLAH, TARIQ
Az1z
University of Agriculture, Institute of Soil & Environmental Sciences,

Pakistan

Zinc deficiency is widespread in most crops grown on alkaline calcareous soils. This
situation compels us to exploit the genetic variation within crop species/ genotypes to
improve their Zn use efficiency. The growth response of twelve wheat cultivars to Zn
stress was assessed in chelator buffered nutrient solution. Pre-germinated seedlings
were grown in half strength modified Johnson’s nutrient solution at adequate and de-
ficient levels of Zn. Zinc deficiency was induced by adding 50 uM di-ethylene tri-
amine penta acetic acid (DTPA) in addition to all micronutrient concentrations. Shoot
and root growth for the various wheat cultivars was significantly (p < 0.01) differ-
ent at different levels of Zn supply in the growth medium. There was also a sig-
nificant (p < 0.05) main and interactive effect of wheat cultivars and Zn levels on
Zn concentration, Zn uptake and Zn utilisation efficiency. A typical Zn deficiency
symptom of yellowish stripes on leaves was evident in wheat cultivars grown with
chelator-buffered nutrient solution (Zn deficient). The wheat cultivar, Sehar-06 pro-
duced highest biomass and better Zn utilisation. The wheat cultivar Vatan produces
lowest biomass and proved to be least efficient in Zn utilisation. Zinc concentration
in wheat shoots grown at deficient level of Zn was less than its critical concentra-
tion of 25 mg kg—! which was several folds lower than its concentration estimated for
those grown at adequate Zn level. The root biomass of all wheat genotypes increased
significantly (p < 0.01) under Zn deficient conditions. The study also confirmed the
successful induction of Zn deficiency in wheat in hydroponics by DTPA, indicating
its suitability for screening crop cultivars for micronutrient stress particularly for Zn
deficiency.
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Simulating Soil Moisture by Integrating Root Water Uptakeinto
Water Flow Models

SINA BESHARAT, AMIR HOSEIN NAZEMI, ALI ASHRAF SADRADDINI
Tabriz University, Water Engineering, Iran

Many environmental studies require accurate simulation of water and solute fluxes
within the unsaturated zone. Understanding the interaction between soil, vegetation
and atmosphere processes, as well as groundwater dynamics is of paramount impor-
tance in water resources planning and management in many practical applications.
Root water uptake is an important process of water circle and a component of water
balance in the field, and it should be understood better and effectively. A quantita-
tive means of describing root water uptake should be established for efficient water
use. The objectives of this paper is the field study of water flow with water uptake
and develop a two-dimensional (2D) model of root water uptake for single apple trees
and to validate the model with soil water content measurements in an orchard. Tube-
time domain reflectometry (TDR) was used to measure soil volumetric water content.
A 2D model of root water uptake was established, which include a root density dis-
tribution function, potential transpiration and soil water stress-modified factor. The
measured data were compared to the outputs of transpiration rate and soil water con-
tents from the numerical simulation (Richards’ equation for 2D water flow) and the
established root uptake model. Subsequently the root water uptake model was in-
corporated into the numerical model. The numerical model was applied to simulate
soil water movement with root water uptake and simulation results were compared to
field experimental data. Potentially the numerical model is a useful tool to various
problems related to flow transport with plant water uptake in variably saturated soils.
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Effects of NaCl-induced Salinity on Seedlings Growth of Ziziphus
spina-christi Willd.: A Wild Fruit Tree Species

MUHAMMAD SOHAIL, AMINA SAIED, JENS GEBAUER, ANDREAS BUERKERT
University of Kassel, Organic Plant Production and Agroecosystems Research in the
Tropics and Subtropics, Germany

Ziziphus spina-christi is a fruit tree that grows wild in arid and semi-arid areas of
Pakistan and Sudan. The fruits, leaves, bark and the wood are intensively used by the
rural population. Increasing soil salinity is one of the major abiotic factors threatening
plant production in these regions. Planting of indigenous trees such as Z. spina-christi
could therefore play an important role to productively use barren land.

A pot experiment under controlled environmental conditions was conducted to de-
termine the response of Z. spina-christi to salt stress. Six weeks old seedlings were
initially subjected to 0, 20, 40 and 80 mM NaCl (added to a Hoagland solution). After
four weeks salt treatments were doubled (0, 40, 80 and 160 mM) to detect increase
the level of stress.

Salinity levels of 80 and 160 mM resulted in a reduction of more than 50 % in plant
height, leaf number, leaf chlorophyll content, total leaf area and dry matter as com-
pared to the control. Leaf tissues accumulated 81- and 21-fold higher Na*™ and CI—
concentration as compared to the control at 160 mM, respectively. Excessive accumu-
lation of salt ions in leaf tissues resulted in a remarkable foliar deterioration (chlorosis
and necrosis) and 20 % seedlings mortality due to ion toxicity. Enhanced salinity in-
creased leaf water contents by 14, 16 and 17 % at 40, 80 and 160 mM, respectively.
At the same time, the K*/Na™ ratio was barely affected by the different salt levels
indicating an effective adaptation to tolerate low or moderate NaCl salinity.

Overall, our results allow to classify Z. spina-christi seedlings as moderat salt tolerant.
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Drought Stressin Tropical Maize: The Genetic Dissection of Key
Traitsin Multiple Environments

RAINER MESSMER?, YVAN FRACHEBOUD?, MARIANNE BANZIGER®, PETER
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1swiss Federal Institute of Technology Zurich, Institute of Plant Sciences, Switzerland
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There is evidence that the global mean temperatures are increasing and the climate is becoming
more erratic. Certain tropical and subtropical regions will particularly suffer from the draw-
backs of higher temperature and reduced rainfall. Understanding the drought response of maize
is a key to developing more drought tolerant cultivars that help ensuring food security.

To dissect the genetic basis of drought tolerance with a special emphasis on QTL-by-environ-
ment interactions (QEI), a recombinant inbred line population of sub-Saharan provenance was
evaluated in nine field experiments representing four environments: water stress at flowering
and well-watered conditions in Mexico and Zimbabwe. The non-linear, negative relationship
between the anthesis to silking interval (ASI) and grain yield (GY) across water regimes and
locations was observed, although the segregation of GY was larger in Zimbabwe compared to
Mexico, whereas secondary traits were more important in Mexico. Besides calculating exper-
iment-specific QTLs, joint QTL analyses were conducted per environment, per water regime
across locations and across all experiments. The number of QTLs identified for male flowering
time, ASI, GY, kernel number, 100-kernel fresh weight and plant height was low, despite high
trait heritabilities, and pointed at high levels of epistasis. Relative chlorophyll contents (SPAD,
only in Mexico) of the ear leaf and the second leaf from the tassel were controlled by a consti-
tutive and a stress-adaptive QTL (chromosomes 2 and 10), the latter also affecting whole-plant
senescence.

The results showed that drought tolerance mechanisms were largely masked by plant vigour,
because of the distinct morphology and yield potential of the parental lines. The poor adap-
tation of the plants to the Mexican environments resulted in a larger number of QTLs than in
Zimbabwe and in significant QEI when combining data across locations and water regimes,
even though the QTLs were stable within each environment. Therefore, care must be taken
when choosing plant material for genetic studies. QTLs involved in plant adaptation are very
important in breeding for broad target environments, and methods to detect epistasis are needed
to better understand drought tolerance mechanisms.

Keywords: Drought tolerance, epistasis, plant vigour, QTL-by-environment interactions, quan-
titative trait loci, Zea mays
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Dynamicsof Ear Grain Set in Maize under Drought Stress at
Flowering

QUANJAI RUPITAK, INGRID AULINGER-LEIPNER, RAINER MESSMER, PETER
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Swiss Federal Institute of Technology (ETH), Institute of Plant Sciences, Switzerland

Drought stress is becoming a more severe problem than ever before for the stability of
grain yield of maize (Zea mays L.) in tropical and subtropical dry land areas. Drought
stress at flowering affects silk receptivity and kernel set and largely reduces grain
yield. The ability of a plant to complete grain set within few days under drought stress
is essential for a good residual yield. In this study, the dynamics of daily grain set are
being tested on vigorous sweet corn hybrids, which have a high potential grain number
and are comparable in flowering time to conventional maize. The silks of seven sweet
corn mother plants were pollinated on seven consecutive days with pollen from two
different sources (either sweet or normal maize). Pollen from normal maize (dominant
allele) produces grains with hard texture, which serve as visual marker among the
sweet grains (recessive allele) to visualise which grains have been pollinated on a
specific day. The result of the field experiment conducted at the National Corn and
Sorghum Research Institute in Thailand indicated that pollination proceeds from the
lower middle part of the ear to the top and the bottom. More than 85 % of the ovaries
were fecundated within the first four days after silk emergence. Drought stress did not
affect pollen vitality, but slowed down the dynamics of silk emergence. As a result,
kernel number decreased towards the tip of the ear under stress, compared to well-
watered conditions, and the number of kernels per ear was significantly reduced.
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Parameterisation and Calibration of the Tropical Soil Productivity
Calculator (TSPC) for Cabbage, Sweet Pepper and Litchi in Mae
Sa Water shed, Northern Thailand
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For the last 20 years, land use change in Mae Sa watershed has been influenced by governmen-
tal decisions and international donors’ purposes. The conversion from opium and upland rice
production over corn and coffee to its present land use system, consisting mainly of cash crops
such as sweet pepper (Capsicum annuum), cabbage (Brassica oleracea) and litchi (Litchi chi-
nensis), in combination with an emergence of greenhouses in the last years are examples of this
phenomena. In this context decisions taken by dwellers of marginal upland areas increasingly
affect livelihoods of lowland people. This is especially true for water, which has become a lim-
iting factor during the dry season and cannot be easily provided even under capital-intensive
farming systems.

Under these circumstances, spatially explicit modelling of land use change can be a valuable
tool for an ex-ante assessment of the impact of new land uses. Within the SFB Uplands Program
such a Land-Use Change Impact Assessment (LUCIA) model is generated, which builds on the
Tropical Soil Fertility Calculator (TSPC) as its crop module. TSPC is characterised by its low
data requirements and based on empirical yield functions accounting for C, N, P, K and pH as
yield determinants.

For the purpose of LUCIA, water supply will be taken up into the TSPC as an additional con-
straint to crop production. Water stress functions adapted from those of the CROPWAT model
are being integrated to estimate site-specific crop water requirements. In a second step, this
study will develop crop response functions for litchi, cabbage and sweet pepper as well as
parametrise and calibrate their yield functions for local conditions of the Mae Sa watershed in
Thailand. To this end data from field experiments in the area and literature values for each of
the crops will be evaluated. The more process oriented crop model WaNuLCAS will provide
further estimates of crop response to changing water and nutrient regimes to allow for a com-
parative validation. Finally, TSPC will be coupled to LUCIA using the PCRaster platform in
order to evaluate feedback mechanisms between crop production and watershed functions in
the future.

Keywords: Brassica oleracea, Capsicum annuum, crop modelling, Litchi chinensis, northern
Thailand, TSPC
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Nutrient Seed Priming Improves Ger mination Rate and Seedling
growth under Submergence Stress at L ow Temperature

MUHAMMAD IMRAN, GUNTER NEUMANN, VOLKER ROMHELD
University of Hohenheim, Institute of Plant Nutrition, Germany

Seed quality plays an important role in crop production. Seed mineral nutrients are
one of the key factors determining seed quality. Micronutrients take part in a number
of biochemical and physiological processes during germination and early seedling
establishment. Due to important functions in membrane stabilisation, free radical
detoxification and secondary plant metabolism sufficient availability of micro-nutri-
ents such as Zn, Mn or B in the seed is essential for seed germination and seedling
growth, particularly when germinating seeds or seedlings are facing abiotic and biotic
stress.

‘Nutrient seed priming’ is a technique in which seeds are soaked in a mineral nutrient
solution with subsequent re-drying to the initial moisture content. The final goal is
an improvement of germination rate, early seedling growth and stress resistance, act-
Ing via an improved micronutrient status and a pre-activation of metabolic pathways
important for germination during the pre-imbibition treatment (priming effect).

In the present study, soybean (Glycine max L.) cv. ‘Conquista’ seeds were primed
with nutrient solution of Mn, Zn and B (Mn and Zn at the rate 5 and 15 mM using
MnSO, and ZnSO, solutions respectively, and B at 0.5 and 10 mM as Boric acid so-
lution) for 12 hours at 20°C between 5 layers of moist filter paper. After seed nutrient
priming seeds were dried to initial seed moisture content and stored at 4°C. After one
week of storage, seeds were submerged into chilled water at 4°C for 24 hours as a
stress treatment and subsequently tested for germination and early seedling develop-
ment. Nutrient seed priming significantly increased content of micro-nutrients in the
seeds up to 20 times for Mn, 5 times for Zn and 2 times for B. Boron seed priming in-
creased germination rate significantly by 80 % compared to unprimed control, which
was not able to produce any seedling under these stress conditions.

Keywords. Micronutrients, nutrient seed priming, seed germination, soybean, sub-
mergence stress
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Resilience of Lowland Rice Production to ENSO (EI Nifo
Southern Oscillation) Drougthtsin Central Sulawes (Indonesia)
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A detailed rice farming survey was carried out at the villages of Maranatha and Rejeki
(n=79 households) around Lore Lindu National Park for the growing season 2006/07
during which no water shortages occurred. Average rice yield was 4.8tha™! harvest
at two harvests per year. A Cobb-Douglas production function for paddy rice was
estimated (adj. R?: 61.9%; p < 0.001). Rice field size (-0.370; standardised coeffi-
cient), labour for puddling (0.109), amount of seeds (0.231), and material input costs
(fertilisers, pesticides, herbicides; 0.305) were used to predict rice yield. A dummy
variable testing for differences between villages was not significant. A continuous
area of 476 rice plots (~20ha) in Rejeki mostly belonging to the surveyed farmers
(91%) was mapped, and the individual plots geo-referenced. Based on spatial de-
sign of the irrigation scheme and interview results on irrigation management, a water
distribution algorithm was generated. In the 2002 ENSO drought, local water avail-
ability for paddy rice production was reduced from ~1260 mm to ~560 mm from July
to November. Yield reactions due to water scarcity are modelled according to physi-
ological rice demand. For the rice crop during the 2002 drought period, preliminary
calculations estimate a yield reduction of 40%-49 %.

A yield reduction of 49 % in one harvest every three years instead of every four years
(i.e., at higher ENSO frequency) requires a productivity rise of 2.1 % to compensate
yield losses. This could be achieved by a rather modest increase of material costs by
48,600 IDR (~3-4€; +7.7 %) per hectare and harvest. To completely offset drought
effects during a three-year ENSO cycle demands an increase of 8.2 % in material in-
puts equivalent to 207,000 IDR (~15-17€; +35 %) per hectare and harvest. Valuated
at local market prices, this represents 1% of revenue from rice harvest per hectare.
While these preliminary calculations do not make full use of the spatial and tempo-
ral resolution of the production data - and do not account for negative environmental
long-term effects of intensification -, they still suggest that more intensified paddy rice
production could play an important role for an increased socio-economic resilience of
the local communities to ENSO droughts.

Keywords. Climate change, GIS-Model, Nopu, socio-economic adaption, STORMA,
water resources
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Nitrogen Transfer in Soybean/Chilli Pepper Intercropping
Systems via Arbuscular Mycorrhiza Hyphae
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ROMHELD
University of Hohenheim, Institute of Plant Nutrition, Germany

Soybean and chilli pepper are important food and cash crops in Indonesia. It was hy-
pothesised that beneficial interactions in soy bean/chilli pepper intercropping systems
are due to positive nutrient effects, such as increased biological nitrogen (N) fixation
by symbiotic rhizobia, direct or indirect nutrient transfer between the two crops and
increased nutrient utilisation efficiencies. Furthermore, the suppression of pathogens
and pests could be a beneficial side effect. Arbuscular mycorrhiza (AM) might play a
key role within these processes.

The objective of this experiment was to investigate the transfer of N from soybeans to
chilli pepper via arbuscular mycorrhizal hyphae. Therefore, soybeans and chilli pep-
per were grown in separate compartments within pots containing 10 kg soil (collected
at Banda Aceh, Indonesia) which had been inoculated with the AM-fungus (Glomus
intraradices strain 510). For fertilization a low rate of N (20 mg kg™ soil) and phos-
phorus (30 mg kg soil) as well as sufficient amounts of potassium (K), magnesium
(Mg) and micronutrients were supplied. The compartments were separated by use of
different nylon nets which selectively allowed the penetration by mycorrhizal hyphae
(pore size 40 m) or not (pore size 1 m). To study the effect of biological N2-fixation,
soybeans were inoculated or not with rhizobia (Biomax, Grupo Bio Soja, Brasil).
The results showed that the chlorophyll concentration in leafs of soybean and chilli
pepper measured by Chlorophyll Meter SPAD-502 as indicator for the nitrogen status
of the plants were increased in pots inoculated with rhizobia and separated by nylon
nets which allowed mycorrhizal hyphae to pass trough. These findings suggest bi-
ologically fixed nitrogen had been transferred from soybean to chilli pepper via the
network of arbuscular mycorrhizal hyphae.
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Boron and Zinc Fertilisation to Compensate Negative Effects of
Photooxidative Stressin Lychee (Litchi chinensis Sonn.)
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WINAI WIRIYA-ALONGKORN?®, TORSTEN MULLER!, VOLKER ROMHELD!?
1University of Hohenheim, Institute of Plant Nutrition, Germany
2University of Hohenheim, Institute of Agricultural Engineering, Tropics and Subtropics
Group, Germany
3Mae Jo University, Department of Horticulture, Thailand

Lychee is grown in mountainous regions in Southeast Asia. During the winter sea-
son with low temperature and high radiation, severe chlorosis are observed on south-
southwest exposed branches, inhibiting flowering. This is probably due to a miss-
ing compensation of photooxidative stress caused by the widespread extremely low
Boron (B) and/or Zinc (Zn) nutritional status of Lychee trees. The aim of this study
was to identify the role of both nutrients in remediation of transient chlorosis.

In 2007 field experiments were conducted in Mae Sa Mai, Chiang Mai Province,
northern Thailand. B and Zn were applied to field grown Lychee trees, by foliar, soil
or combined foliar and soil fertilisation, a control group was not fertilised. Each group
consisted of six trees. For foliar fertilisation branches were sprayed within one tree
exposed to south-southwest direction. The treatments were: a) 0.5% B b) 1.0% Zn c)
0.5% B and 1.0% Zn in combination, for all formulations a surfactant was added. Soil
treatments were always a combination of 13g B and 142 g Zn per tree, dissolved in 10
| of water and applied in a ring 1.0 m around the tree trunk. Appearance and intensity
of chlorosis were weekly observed and rated with respect to intensity. Green value
(SPAD-meter, Minolta 502) and chlorophyll content (Opti-Science CCM200) were
measured. To determine the stage of chlorosis a rating scale based on RGB green
tones was developed and each stage was defined with SPAD-meter and chlorophyll
values.

Foliar treatments showed a reduction of chlorosis. It made no difference whether the
nutrients were applied single or in combination. Highest compensation of photooxida-
tive stress was observed when combining foliar and soil fertilisation. Soil fertilisation
alone could not increase B and Zn concentrations in the leaves to a sufficient level,
resulting in chlorosis on all leaves exposed to South-Southwest direction.

In conclusion, nutrient deficiencies in Lychee trees have an impact on the appearance
of photooxidative stress symptoms during winter in the uplands of northern Thailand
and can be remedied by foliar application of B and Zn.

Keywords. Boron, lychee, photooxidative stress, zinc
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Efficiency of Boron Foliar Fertilisation in Soybean (Glycine max )

HANNES KARWAT, SILKE WILL, TORSTEN MULLER
University of Hohenheim, Institute of Plant Nutrition, Germany

Boron (B) is an essential micronutrient showing deficiency worldwide in crop produc-
tion. B is particularly important for yield formation (pollination), fruit quality (storage
capability) and stress tolerance. Soybean (Glycine max L.) is considered to be very
tolerant to B deficiency in the soil, but recently effects on floral development and seed
yield were reported for the Mideast of the United States and northern Thailand.

Soil applied Boron is easily bound (high soil pH) or leached after heavy rainfall (low
soil pH). Since B is phloem immobile in most plant species, foliar B fertilisation is a
widespread technique to cure B deficiencies. The performance of foliar sprays is still
variable, depending on nutrient amount, weather conditions, timing and status quo of
the plant. The aim of this work was to study the influence of plant nutritional status on
foliar penetration and uptake, hypothesising an increased uptake in deficient plants.
Experiments were conducted under controlled conditions. Stable isotope enriched
boric acid was applied to soybean leaves with low and adequate B nutritional status,
achieved by a different preculture. At harvest, plants were separated in different seg-
ments to determine uptake, basipetal and acropetal translocation of foliar applied B
in the plants. Plants with strong B deficiency showed a significant reduction in foliar
uptake. This was against our hypothesis and common knowledge. B deficiency must
have a direct or indirect effect on cuticula penetration and uptake mechanism.

To further investigate this effect we conducted a second experiment. We pre-cultured
soybean plants with 4 different B concentrations in the nutrient solution, ranging from
0 to 15 uM, to get good, sufficient, marginal and deficient level of B in the plants.
To determine the deficiency status we made nutrient analyses and measured the mem-
brane integrity, as K-efflux.

Results will be presented and discussed.
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The Effect of Drought on Secondary Dormancy | nduction on
Different Seed Canola Varieties (BrassicanapusL.) under Absence
of Light

ASIEH SIAH-MARGUEE!, EBRAHIM ZEINALIZ, ATEFEH KESHAVARZI?,
GOLSOOMEH AzizI!, LEILA ALIMORADI!

LFerdowsi University of Mashhad, Department of Agronomy, Iran

2Gorgan University, Faculty of Agronomy, Agronomy, Iran

Prolonged imbibition under conditions of water stress or light deficiency can lead to
the induction of secondary dormancy in rape seeds. During imbibition in darkness,
seeds develop light sensitivity. The percentage of seeds not germinating in the dark
depends on various factors prevailing during and after the stress treatment, as well
as on the intrinsic susceptibility of the seeds to these factors. In order to evaluate
effects of drought and darkness on secondary seed dormancy of canola, an experi-
ment was conducted with 3 replications in a completely randomised factorial design.
Treatments were including 7 varieties of canola (Hyola60; Hyola308; Hyola330; Hy-
ola401; Hyola420; Sarigol and AA1) and 3 drought levels (control, -1.5 MP and dry
seed). In order to drought induction, samples were placed in 20°C two weeks, af-
ter treating by PEG6000 and then the samples were kept in soil (4 cm depth) for 4
months, to darkness induction. Results indicate significant differences between the
7 varieties at different level drought (p > 0.01). The most and the least dormant
seed percent were observed in Hyola60 (44 %) and Hyola420 (22 %) respectively. At
different drought levels, germination percent of all varieties decreased significantly,
except Hyola60. Otherwise, dormant seed percent in dry seed treatment were more
than the seeds treated with -1.5 Mp droughts. In general, in addition to genotype,
environmental conditions affect on secondary dormancy potential of seeds. As vol-
unteer rape decreases crop yield, it is necessary widespread researches carried out on
ecological and management aspects of this plant.

Keywords. Canola darkness effect, secondary dormancy, volunteer rape seed
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Adaptation Mechanismsin Rice Cultivars of Different Origin to
Iron Toxic Conditions

MATHIAS BECKERY, KATRIN ENGEL!, FOLKARD ASCH?
LUniversity of Bonn, Institute of Crop Science and Resource Conservation, Germany
2University of Hohenheim, Institute for Crop Production and Agroecology in the Tropics
and Subtropics, Germany

Iron toxicity is a complex nutritional disorder that differentially affects lowland rice
cultivars. The occurrence of excessive amounts of reduced Fe?* in the soil solution,
its uptake by the rice roots, and its acropetal transport by xylem stream can lead to
elevated Fe?* concentrations in leaf cells that catalyse the formation of radical oxygen
species, entailing structural damage, the visual symptom of leaf bronzing, and yield
losses of up to 30%. Diverse morphological and physiological adaptation mech-
anisms have been described, ranging from exclusion of toxic Fe?* (e.g. oxidation
power of roots), Fe partitioning (e.g. immobilisation in stem tissues or the apoplasm)
to tissue tolerance (e.g. scavenging of radicals by enzymes). The effectiveness of
these adaptation mechanisms to cope with Fe stress differs between cultivars of differ-
ent origin, and varies with plant age, environmental conditions (e.g. vapour pressure
deficit - VPD), the nutritional status of the crop, the intensity and duration of the Fe
stress, and the timing of its appearance. We hypothesise that an effective breeding or
selection of cultivars for Fe toxicity tolerance requires the matching of the cultivar-
and plant age-dependant coping-mechanisms with the prevailing environmental and
Fe stress conditions.

Twenty rice genotypes (different species and cultivars of different origin) are being
comparatively evaluated in hydroponic culture at the seedling, vegetative and early
reproductive growth stages. Symptom occurrence, biomass accumulation, Fe translo-
cation patterns, and the Fe content in various tissues are monitored. Cultivars are be-
ing classified based on their ability to cope with elevated Fe?* (sensitive vs. tolerant)
and their tolerance mechanisms (excluders vs. includers). Contrasting genotypes will
be used to assess the effectiveness of various adaptation mechanisms to diverse stress
situations (Fe intensities of 0, 1000, 2000 ppm Fe?*, stress durations of 0 to10 days,
conditions of high and low VPD). First results of required cultivar characteristics for
defined Fe stress conditions will be presented.

Keywords. Hydroponics, iron toxicity, Oryza sativa, oxidation power, tissue toler-
ance, rice
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Soil N Management Using Combined Application of Crop Residue
and N Fertiliser: What isthe Environmental Cost?

KWAME AGYEI FRIMPONG, ELIZABETH BAGGS

University of Aberdeen, Institute of Biological and Environmental Sciences, United

Kingdom
Crop production in Africa is often limited by nitrogen availability. Crop residues
could serve as alternative as they are readily available and easily accessible. However,
certain limitations associated with crop residue use such as low-N use efficiency, high
N losses via leaching and gaseous losses (N2O emission) make the exclusive use of
crop residue problematic.
Inorganic N (NO3™ and NH4 ) release, and N, O emission were measured in laboratory
soil microcosm experiments following combined application of crop residues (clover
and barley straw) and inorganic N fertiliser (NH,NO,) in different proportional ratios:
100:0, 75:25, 50:50, 25:75 and 100:0; fertiliser-N: crop residue-N, respectively. Pre-
liminary results indicated that inorganic N release and N,O emissions were relatively
higher in soils after incorporating crop residues with a lower C-to-N ratio. More-
over, results obtained showed that inorganic N availability increased significantly
(p < 0.05) with increasing proportion of inorganic N fertiliser applied. Whether this
input stimulated N release from the residues, resulting in greater N availability for ni-
trification and subsequent denitrification, is verified using a *>N-enrichment approach
to quantify 1°N-N,O production following addition of 1°N-labelled residues to soil.
Furthermore, labelled crop residue from tropical legumes cultivated under controlled
environmental conditions are being applied either solely or in combination with N
fertiliser to determine the contribution of crop residue to N release and N,O emis-
sion. Furthermore the impact of recommended soil fertility management practices
such a liming and soil water management on N availability and N,O emission follow-
ing combined application of crop residue and inorganic N are being investigated. It is
expected that results obtained from the various experiments would amply demonstrate
the optimum combinaton of crop residue and N fertiliser which, when aplied to trop-
ical soils would yield economically viable and environmentally sustainable yields.

Keywords: Crop residue, denitrification, nitrification, nitrous oxide
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Municipal Solid Waste Compost Increased Yield and Decreased
Nitrate Amount of Broccoli (Brassica oleracea var. italica)

GHOLAMALI PEYVAST
University of Guilan, Horticultural Department, Iran

Nitrate occurs in many foods and drinking water, but vegetables are by far the main
sources. Excessive use of nitrogen (N) fertilisers contributes to the accumulation of
nitrate (NO;) in soil and vegetable crops. In many developing countries, the major
increases in N use by agriculture during the last decades have inevitably been asso-
ciated with large rises in N losses as NO, in drainage water and higher NO, content
in arable and horticultural plants. Land application of wastes is becoming increas-
ingly more popular as a mean of disposal, treatment, nutrient cycling, irrigation, and
groundwater recharge in many areas of the world. A research of the nitrate uptake
of broccoli (Brassica campestris var. italica), grown under different amount of mu-
nicipal solid waste compost (MSWC) was conducted in 2006 on open field at the
University of Guilan, Rasht, Iran. The experiment was arranged as a complete ran-
domised block design with four treatments (0, 50, 100, and 200 tha—* MSWC) and
four replications. Based on the results obtained, and relative to the prevailing lo-
cal conditions, following results has been made. There was a tendency for the total
yield of the broccoli to be highest when fertilised with MSWC and lowest when the
plants area was not composted. The plants with the highest composting (200tha—1)
gave significantly highest yield at 65 t ha~* which was statistically differed from other
treatments. The significant differences were found also on marketable yield with an
exception at lowest compost treatment. The highest head weight at 750.0 g was ob-
tained by 200tha—! municipal solid waste compost. The highest compost treatment
brought the lowest amount of nitrate followed by treatment 2 and 3 with an amount
of 890 and 920 mg kg ! respectively. A significant difference between the treatments
was not found. Nitrates in petioles showed the same results.
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Sustainable Nutrient Management of Marjoram (Origanum
majorana L .) through Biofertiliser and Manure Application

LEILA TABRIZI', ABDOLMAJID MAHDAVI DAMGHANI!, BEHNAM KAMKAR?
1Shahid Beheshti University, Department of Agroecology, Environmental Sciences
Research Institute, Iran
2Gorgan University of Agricultural Sciences and Natural Resources, Agronomy, Iran

Sustainable agriculture has developed rapidly during last decades in response to neg-
ative consequences of intensive application of agrochemicals on humans and the en-
vironment. Using biofertilisers in medicinal plants can decrease agroecosystem de-
pendency on off-farm inputs, maintain and increase crop quality and facilitate their
entrance to overseas markets. A greenhouse experiment was conducted in 2006 to
evaluate the effects of biofertilisers and cattle manure on the qualitative and quanti-
tative yield of marjoram (Origanum majorana L.). Treatments were replicated three
times in a randomised complete block design with a factorial arrangement of six fer-
tiliser and two cattle manure treatment combinations. Fertiliser treatments were a)
nitroxin biofertiliser (Azospirillum spp. and Azotobacter sp. nitrogen fixing bacteria),
b) super nitro plus (Azospirillum, Bacillus subtilis and Pseudomonas flurescens), c)
phosphorus solubilising microorganism (Bacillus coagulans), d) combination of ni-
troxin and phosphorus biofertilisers, €) combination of super nitro plus and phospho-
rus biofertilisers, and f) chemical fertiliser as control. There were also 2 levels of cattle
manure (without and with 20 tha™* cattle manure). Results showed that application of
different nitrogen and phosphorus biofertilisers increased marjoram’s qualitative and
guantitative yield in comparison with chemical fertiliser. Super nitro plus produced
the highest fresh weight (4012 kg ha—1) and this biofertiliser and the combination of
super nitro plus and phosphorus biofertilisers produced highest dry weight (897 and
816 kg ha~!, respectively), while the highest essential oil was recorded in chemical
fertiliser (0.93%). Application of different biofertilisers significantly affected plant
height, number of branches and fresh weight. Application of cattle manure affected
positively all qualitative and quantitative characteristics. Results indicated that non-
chemical sources of crop nutrition can be considered as a reliable alternative for chem-
ical fertilisation in organic production of medicinal plants in agroecosystems of Iran.

Keywords: Essential oil, integrated nutrient management, lIran, marjoram, nitroxin
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Application of N and P Biofertilisersin Sustainable Nutrient
Management of Savory (Satureja hortensisL.)

ABDOLMAJID MAHDAVI DAMGHANIL, LEILA TABRIZIY, BEHNAM KAMKAR?
1shahid Beheshti University, Environmental Sciences Research Institute, Iran
2Gorgan University of Agricultural Sciences and Natural Resources, Agronomy, Iran

Iran with an outstanding and long history on traditional medicine, considerable medic-
inal plant diversity as well as climatic, ecological and environmental capacities is one
of the best areas for medicinal plants’ production. As these plants can play a key
role in the sustainability of agroecosystems in the country, there is an urgent need to
explore appropriate organic production practices in order to allow their export as raw
or processed material. A greenhouse experiment was conducted in 2006 to evaluate
the effects of biofertilisers and cattle manure on the qualitative and quantitative yield
of savory (Satureja hortensis L.). Treatments were replicated three times in a ran-
domised complete block design with a factorial arrangement of six fertiliser and two
cattle manure treatment combinations. Fertiliser treatments were a) nitroxin biofer-
tiliser (Azospirillum spp. and Azotobacter sp. nitrogen fixing bacteria), b) super nitro
plus (Azospirillum, Bacillus subtilis and Pseudomonas flurescens), ¢) phosphorus sol-
ubilising microorganism (Bacillus coagulans), d) combination of nitroxin and phos-
phorus biofertilisers, €) combination of super nitro plus and phosphorus biofertilisers,
and f) chemical fertiliser as control. There were also 2 levels of cattle manure (without
and with 20 tha® cattle manure). Results showed that there were no significant differ-
ences in dry weight production between chemical (885kg ha™1) vs. nitroxin (869 kg
ha~1) and phosphorus biofertilisers (800 kg ha—1!). The highest essential oil produc-
tion was recorded in combination treatments of phosphorus with nitroxin (1.59 %) and
super nitro plus (1.56 %), while the lowest essential oil produced in the super nitro
plus (0.78%) treatment. Application of different biofertilisers significantly affected
plant height, number of branches and fresh weight. Applying cattle manure affected
positively qualitative (essential oil) and quantitative (branch number and plant height)
characteristics of savory production. Results indicated that non-chemical sources of
crop nutrition can be considered as a reliable alternative for chemical fertilisation in
organic production of medicinal plants in agroecosystems of Iran.

Keywords:. Integrated nutrient management, Iran, nitroxin, savory, super nitro plus
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Use of Plant Growth-Promoting Rhizobacteriato Improve
Mycorrhisation, Nutrient Acquisition and Plant Health of Tomato
Affected by Soilborne Pathogen

YUSRAN YUSRAN, MARKUS WEINMANN, GUNTER NEUMANN, VOLKER
ROMHELD, TORSTEN MULLER
University of Hohenheim, Institute of Plant Nutrition, Germany

Biological strategies to control plant diseases are regarded as environmental friendly
alternatives to agrochemicals which may contribute to the development of sustainable
cropping systems under humid tropical conditions. Only few studies have investigated
the synergistic action of beneficial microorganisms such as Pseudomonas spp. and
arbuscular mycorrhizal fungi (AMF) to improve the growth and resistance of plants
against soilborne diseases. The objective of this study was to test the efficiency of
Pseudomonas proradix® (Proradix®, Sourcon Padena, Tibingen, Germany) to im-
prove mycorrhisation, nutrient acquisition and plant health of tomato, an important
cash crop in Indonesia, affected by the aggressive root pathogen Fusarium oxyspo-
rum Schlecht f. sp. radicis-lycopersici Jarvis and Shomaker (FORL).

Tomato seeds (Lycopersicon esculentum Mill. var. Money Maker) were pre-cultivated
in pots containing 50 g loamy clay soil/sand mixture (3:1) with and without Proradix®
(1.5 x 1010 cfu per pot), without and with AMF-inoculum (about 8000 propagules
of Glomus intraradices strain 510; Mycotec Biotechnik Gbr, Hannover, Germany).
Subsequently the three weeks old seedlings were transplanted to pots containing 2 kg
soil/sand mixture, fertilised with 100 N, 50 P, 150 K, 50 Mg, 0.06 Fe mg kg~ loamy
clay soil. Top and bottom layer of the substrate contained soil/sand mixture only. The
middle layer of the substrate was mixed with a spore suspension of FORL strain 11r
(provided by Prof. J.C. Tello Marquina, Universidad De Almeria, Spain) at a rate of
4.5 x 107 spores in 10 ml water per 100 mg substrate. As a control, only sterile water
was added.

Proradix® significantly improved the root colonisation by AMF and the biomass pro-
duction of tomato, which was particularly pronounced in the soil with FORL-spores
inoculation. Combined application of Proradix® and AMF lowered the disease sever-
ity of FORL and enhanced the concentrations of nutritional elements in the shoot
tissue of tomato. To a smaller but still significant extent, disease severity was also
decreased by single application of Proradix® and AMF. These results suggest that
Proradix® functions not only as a mycorrhisation helper bacterium but also as a suit-
able biocontrol agents to restore plant growth and health when grown in severely
FORL infested soils.

Keywords. AMF, biocontrol, FORL, Pseudomonas, soilborne pathogen, tomato
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Regulation of Medicago truncatula N, Fixation under Phosphorus
Deficiency

SAAD ABDEL RAHMAN SULIEMAN, JOACHIM SCHULZE
Georg-August-Universitat Gottingen, Institute of Plant Nutrition, Germany

Phosphorus is one of the most important elements that significantly affect plant growth
and metabolism. The crop production on more than 30 % of the world’s arable land is
limited by P availability, with the acid, weathered soils of the tropics and subtropics
particularly prone to P deficiency. For legume growth and symbiotic N, fixation, P is
critically the major limiting factor. In extreme cases P deficiency prevents nodulation
and symbiotic N, fixation. The legume Medicago truncatula and its microsymbiont
Sinorhizobium meliloti serve as models to study the mechanisms of the regulation and
inhibitory effect of low P supply on symbiosis. The aim of this study was to evaluate
the hypothesis that control of nodulation and N, fixation under P deficiency involves
sensing of change in tissue N composition and attempted to identify the potential
biochemical signal(s) involved.

Medicago truncatula plants were grown in a growth chamber in a hydroponic system
and inoculated with Sinorhizobium meliloti. Phosphorus was investigated in two dif-
ferent experiments: low (0.2 t0 5.0 uM P) and high (1.0 to 12.0 uM P) P range levels.
At day 52 phloem sap extracts were collected, plants were harvested and frozen in
liquid N». Free amino acids were analysed as well as sugars and organic acid con-
centrations in nodule tissues. P and N concentrations were analysed for various plant
organs.

Low P concentrations strongly reduced the growth of Medicago truncatula plants.
A very low P concentrations (< 1.0 uM P) totally prevented nodulation. Reducing
P concentration impaired N assimilation and as a result the concentration of N and
N/P ratios were much increased while C/N ratios were decreased. Free amino acid
profile showed higher accumulation of free amino acids in the phloem and nodules
and asparagine was the amino acid with the most dramatic increase in concentration
under P deficiency. Accordingly, we propose that P shortage reduces the growth rate
of the plants and protein synthesis. This will leads to higher N concentrations in
the plants and gives rise to free amino acid accumulation. Therefore, we suggest a
feedback mechanism for regulating nodulation and N, fixation under P deficiency.

Keywords: Asparagine, model legume, N, fixation, phosphorus, regulation
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Physiological Adjustment M echanism of Medicago truncatula N»
Fixation under Environmental Perturbations

SAAD ABDEL RAHMAN SULIEMAN!, OMER EL TAHIR2, STEPHANIE
FISCHINGER!Y, JoACHIM ScHuLzE!
1Georg-August-Universitat Gottingen, Institute of Plant Nutrition, Germany
2University of Khartoum, Department of Agronomy, Faculty of Agriculture, Sudan

To regulate the uptake of nutrients that may be available in excess, plants may use
feedback systems. These systems are envisaged to involve the cycling of nutrients
within an organ or a plant and the regulation of further nutrient uptake by the products
of assimilation. The concept of feedback regulation of N, fixation has been developed
in the last decade of the previous century as a general mechanism governing regulation
of N, fixation by environmental factors. Currently, we are testing the validity of such
hypothesis on forage legumes under various environmental perturbations using the
model plant Medicago truncatula as a test crop.

Two experiments were carried in a growth chamber in a nutrient solution and inocu-
lated with Sinorhizobium meliloti 102F51. In the 15 experiment, 60 % of the leaves
(lower part) were individually darkened (against control) while keeping the percent-
age of treated leaves constant by further darkening appropriate to new leaf expansion
for 2 week. In the 2" experiment, an open-flow gas measurement system was used
to measure Hy & CO», evolution and to calculate N> fixation and electron allocation
from apparent nitrogenase activity (ANA) [80% N»/20% O,] and total nitrogenase
activity (TNA) [80 % Ar/20% O] before and after high KNO4 application.
Darkened leaves were senescened and %N in the whole plant was highly increased
versus untreated controls thus leading towards the tendency of reduced C/N ratios.
Surprisingly, the growth rate of treated plants exceeded untreated controls. The gas
measurement trial revealed that H, evolution was decreased slightly while electron
allocation coefficient (EAC = 1 — ANA/TNA) was increased (11 %) and the amount
of N-fixed per day remained stable.

According to the N-feedback hypothesis, excess and high soluble N levels in the
shoots reduce N fixation rates after sensing and sending certain signal(s) and the rep-
etition of this messenger(s) can induce nodule senescence. To avoid such detrimental
effect the legumes must ‘lock up’ excess-N in proteins and retain it in this form. This
could explain why N> fixing legumes are normally protein-rich plants. Additionally,
perennial pasture legumes posses other physiological adaptation for such purpose (i.e.
tannins and/or polyphenol oxidase).

Keywords. Combined-Nitrogen, leaf darkening, legume, N-feedback, N, fixation,
regulation
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Characterisation of Green- and Bio-Composts for Horticultural
Growing Media

YOSEF AMHA, BOHNE HEIKE
Leibniz University of Hannover, Institute of Floriculture and Woody Plant Science,
Germany

There is an increasing demand for recycling of organic materials from domestic and
industrial uses, as it reduces landfill volumes and disposal costs. Decomposed organic
matter (OM) can then be used in agriculture (to enhance fertility), horticulture (as
growing media), or local energy plants (for energy production). However, a wise and
effective use of OM is determined mainly by the respective physical, chemical and
microbiological properties. Organic matter for energy purpose, for instance, should
contain high calorific value or carbon content, whereas OM for growing media should
have stable carbon and nitrogen balances.

In this paper, we present a method that characterises six green- and bio-composts by
fractionating their OM into four distinct components varying with particle size, den-
sity and stability to decomposition. These OM fractionates were: (i) dissolved (DOM;
<0.45 um), (ii) light fraction (LFOM; <1 gcm™—3), (iii) medium fraction (MFOM;
between 1 and 1.37 gcm~2), and (iv) heavy fraction (HFOM; >1.37 gcm~2). The
correlations between these fractionates and large arrays of physicochemical and mi-
crobiological properties (i.e., activity and biomass) were evaluated by a linear regres-
sion model to find out a simple parameter that predicts the stability of carbon and
nitrogen balances of composts chosen for growing media.

Since microorganisms are only active at the solid-liquid interphase, DOM content
was strongly correlated with microbial activity as measured by evolved CO, (1> >
0.67) and biomass as estimated by the fumigation extraction method (r?> > 0.53).
Similarly, the correlation between C-to-N ratio of the DOM and microbial activity
or other physicochemical properties (e.g., total carbon, nitrogen, bulk density) was
relatively good (r? > 0.45). Therefore, the higher carbon or lower nitrogen content
in the DOM fraction may cause immobilisation unless compensated by fertilisation.
LFOM also showed a similar trend although the computed r-values were small (r> <
0.36). MFOM and HFOM, however, had no clear pattern. Since the separation of
DOM is relatively simple (i.e., add water and remove the filtrate by applying suction),
it can be used, but in a due connection with other physicochemical properties, as a
quality criterion for selecting green- and bio-composts for horticultural purposes.

Keywords. Carbon, fumigation extraction, microbial activity, microbial biomass, ni-
trogen, organic matter fractions
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Effect of Tithonia Compost on Pepper Seedling Production.

WAsIU AKANBIL, OLADELE ABIODUN OLANIRANY, AMUDALAT OLANIYAN?
!lLadoke Akintola University of Technology, Department of Agronomy, Nigeria
2University of Ibadan, Department of Agronomy, Nigeria

Of all the spices, peppers are the most widespread in the countries of tropics and
sub tropics. Production of healthy transplants using organic substrates is a major
operation in pepper production. However, due to farmers’ shallow knowledge of the
preparation and or the use of organic substrates in Sub-Saharan Africa this activity is
still at low patronage. Two Piper varieties (NHA1 — Sombo and NHB1- Bawa) and
five substrates formulation (100 % soil; 100 % Tithonia compost (TC); 75 % soil +
25% TC; 50% Soil + 50% TC; 25% Soil + 75% TC by weight) were tested using
randomised complete block design with four replicates. The chemical properties of
the substrates and the nutrient content as well as the growth and tissue contents of the
seedlings were evaluated during the experiment.

The results showed that, irrespective of variety the substrate with 50 % Soil + 50% TC
led to optimum seedling growth, highest dry matter yield and tissue contents. The re-
sults obtained with this substrate were consistently similar to those observed with the
use of 25 % Soil + 75 % TC. Although 25 % Soil + 75 % TC substrate containing high-
est rate of organic proportion gave the highest nutrient contents in plant constituents
analyzed, the highest seedlings were not produced by this treatment. Incorporation of
organic compost into the soil contributed to the maintenance of nutrient availability
during the growing period, while the excessive use of organic compost, although not
injurious to seedlings, did not significantly increase the seedling’s dry matter yield
and tissue contents when compared with 50% Soil +50% TC.

Keywords. Dry matter, growth substrates, organic fertiliser, pepper seedling, tissue
content, compost
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Effects of Integrated Biological and Chemical Fertilisation on
Yield and Yield Components of two Wheat Cultivars

RUHOLLAH RuzBEH!, ABDOLMAJID MAHDAVI DAMGHANI?, JAHANFAR
DANESHIAN?
1 Takestan Azad University, Iran
2Shahid Beheshti University, Environmental Sciences Research Institute, Iran

Biofertilisers which are microbial inoculants capable of mobilising important nutri-
tional elements in the soil from non-usable to usable form by the crop plants through
their biological processes can be regarded as an alternative or complementary resource
for chemical fertilisers. In order to investigate the effects of chemical, biological and
integrated crop nutrition on yield and yield components of two wheat cultivars, an
experiment was conducted in Absard Research Station, northern Iran in 2006. Field
experiment was carried out by a factorial design with four replicates. Factors were
crop fertilisation in five levels (100 % chemical, 75 % chemical + 25 % biofertiliser,
50 % chemical + 50 % biofertiliser, 25% chemical + 75% biofertiliser and 100 %
biofertiliser) and wheat cultivars (Omid and Alvand). Chemical fertiliser was ap-
plied in form of complete NPK fertiliser (150 kg ha—1) and biofertiliser was used in
form of Super Nitroplus (1 lit ha=1). The highest biomass (8108 kg ha=') and grain
yield (2572 kg ha—?1) produced in 50 % chemical + 50 % biofertiliser, while in 100 %
biofertiliser application, the lowest biomass (6417 kg h—1) and grain yield (1962 kg
h—1) was recorded. Results of the study showed that the effects of fertiliser level on
plant height, tiller number, growth relative rate and crop growth rate were significant.
However, fertiliser combination had no significant effect on harvest index. Yield and
yield components of Alvand were higher than Omid in all fertilisation’s combina-
tions. This study indicated that applying Super Nitroplus as a biological fertiliser can
decrease agroecosystem demand for chemical fertiliser thereby improve its overall
sustainability.

Keywords:. Integrated crop nutrition, Iran, super nitroplus, wheat
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Improved Legume-Cereals Based Cropping Systems for Improved
Productivity and Natural Resource M anagement by Resource
Poor Crop-Livestock Farmersin West Africa

HAKEEM A. AJEIGBE!, ALPHA YAYA KAMARAZ, DAVID CHIKOYE!?
Linternational Institute of Tropical Agriculture (11 TA), Kano Station, Nigeria
2International Institute of Tropical Agriculture (IITA), Crop Improvement, Nigeria

Most farmers in West African savannahs grow local varieties of grain crops in various
intercropping systems with little or no purchased inputs. In these systems, legumes
yields are low due to shading by cereals and lack of plant protection measures while
cereal yields are low due to lack of fertiliser. On-Station trials have shown that overall
farm yield could be increased in a sustainable manner through adoption of improved
varieties of crops, improved cropping systems, and crop-livestock integration. A large
scale farmer participatory on-farm evaluation and dissemination of the system involv-
ing about 5000 farmers, covering different agro-ecological zones in the savannahs
of West Africa was conducted from 2002 to 2007 to demonstrate the superiority of
the improved systems on-farm and its importance in natural resource management.
The system involved growing improved cowpea varieties with cereal in a 2 cereal: 4
cowpea row to row arrangements, with selective application of inorganic and organic
fertilisers to the crops and 2 to 3 insecticide sprays to cowpea. Crop residues from the
fields were taken to the homestead and fed to confined small ruminants during the dry
season. The manure gathered from these animals was then taken to the field for soil
fertility improvements. The result indicated that the improved cropping systems, us-
ing improved varieties of cowpeas, were superior to the traditional system with over
300 % increase in value of the crop produce depending on locations. Feeding the
residues of cereals alone resulted in weight loss while feeding the residues of cowpea
or groundnut alone resulted in the weight gain of about 13 % and 12 % respectively.
Supplementing the cereals residues with about 300 g of cowpea or groundnut residues
per ram per day resulted in slight gain in weight and thus the body weight was main-
tained. Farmers were able to generate an average of 550 kg manure (dry weight) in 60
days of confine feeding of average of 6 ruminants (sheep and goat).

Keywords. Cereals, cowpea, cropping systems, intercropping, strip-cropping
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The Effects of Biological Fertiliserson Growth, Photosynthesis
and Yield of Corn (ZeamaysL.) in Conventional and Organic
Cropping Systems

MOHSEN JAHAN!, SAEED BAJOURIY, FOROUGH DEHGHANI-POUR?
LFerdowsi University of Mashhad, Agroecology, Iran
2 Ferdowsi University of Mashhad, Soil Science, Iran

In recent years, biological fertilisers have received special attention by scientists in
sustainable and low input agriculture, due to economic feasibility, social equity and
environmental safety. In order to study the effects of arbuscular mycorrhizal fungus
and free living nitrogen fixing bacteria on growth, growth, photosynthesis characteris-
tics and yield of corn in conventional and organic cropping systems, a field experiment
was conducted at the research farm of Ferdowsi University of Mashhad in 2006. A
split plot arrangement based on a randomized complete block design with three repli-
cations was used. Treatments consisted of four cropping systems (high, medium, and
low input conventional as well as organic system) and four inoculations [(1) myc-
orrhiza fungus (Glomus intraradices, (2) bacteria (Azotobacter paspali and Azospir-
illum brasilense, (3) dual inoculation (fungus plus bacteria), and (4) no-inoculation
(control)], which were allocated to main plots and sub-plots respectively.

Results showed that the effect of inoculation on photosynthesis rates of corn was
significant, as the highest photosynthesis rate was obtained in dual inoculation (fungus
plus bacteria). Single inoculation (fungus or bacteria) was ranked second. The effect
of all inoculations on corn dry matter production was significant and dual inoculation
produced the highest dry matter yield. The cropping system has significant effect
on corn seed yield and the difference between medium input conventional system
and high input conventional system was significant, but the high input, low input and
organic cropping systems showed no differences. This study showed that utilisation
of low input conventional and organic systems in combination with the use of dual
inoculation of arbuscular mycorrhizal fungus and free living nitrogen-fixing bacteria
could be a suitable replacement for high input conventional systems and chemical
fertilisers for resource poor farmers cultivating marginal lands.

Keywords:. Fertilisers biological, conventional and ecologic cropping system, corn,
nitrogen fixing bacteria, mycorrhiza
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Organic Tomato (Lycopersicon esculentum): Nutritional Quality
and L ate Blight Disease (Phytophtora infestans) Susceptibility

AFRAH MOHAMMED, ANNA KEUTGEN, BERND HORNEBURG, ELKE PAWELZIK
Georg-August-Universitat Gottingen, Department of Crop Sciences, Quality of Plant
Products, Germany

The role of organic agriculture, whether in farming, processing, distribution, or con-
sumption, is to sustain and enhance the health of ecosystems and organisms from the
smallest in the soil to human beings. Tomato is one of the most popular and consumed
vegetable worldwide. During growing, tomato is exposed to late blight disease that
spreads very rapidly and kills plants once it is established in a cultivation area, caused
by fungus Phytophthora infestans. The purpose of this study was to investigate the
variation in some nutritional quality parameters and susceptibility to infection by late
blight disease in six selected tomato cultivars from Germany: Resi, Rosa Roma, Fer-
line F1, SO50a, Ostravske Rane and Harzfeuer F1, which differ in their size, colour
and susceptibility to the late blight infection. These cultivars were organically grown
in two different locations: Schénhagen (Thuringia) and Ellingerode (Hessen) in which
organic manure was applied in October 2004 and January 2005, respectively. The or-
ganic tomato plants were planted on 25th Mai 2005 in both locations.

Results indicated variations among the cultivars within and between the locations
regarding the nutritional quality and infection level by Phytophtora infestans. The
fruit infection was higher in Ellingerode than in Schénhagen. The cvs. Ostravske
Rane and Harzfeuer F1 expressed higher infection level but cvs. Resi and SO50a
showed lower infection level in both locations. Consequently, the yield was higher in
tomatoes grown in Schonhagen (1094 g plant™!) compared to those from Ellingerode
(932 g plant™). Furthermore, the higher lycopene content was determined in tomatoes
grown in Schénhagen (41.52 mg/100 g FW) than in Ellingerode (28.37 mg/100 g FW).
Tomato fruits from Schdnhagen were characterised by higher amounts of Ca and Fe
(0.229/100g DM, 6.5mg/100g DM), respectively. No differences were found be-
tween locations in the case of N, P and K contents in the fruits.

Generally, tomatoes grown in Schonhagen achieved higher yield with fruits charac-
terised by higher contents of lycopene, Ca, Fe and lower Phytophtora infestans in-
fection. Better quality of tomato was due to the better soil conditions of cultivation
area in Schénhagen. The soil was of good structure, deep and of high water holding
capacity.

Keywords:. Cultivars, late blight disease, lycopene, nutritional quality, organic tomato
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Gaseous Carbon and Nitrogen Emissionsin Organic Agriculture
in Northern Oman

KONRAD SIEGFRIEDY, HERBERT DIETZ2, EVA SCHLECHT3, ANDREAS
BUERKERT!
LUniversity of Kassel, Organic Plant Production and Agroecosystems Research in the
Tropics and Subtropics, Germany
2Royal Gardens and Farms, Royal Court Affairs, Oman
3University of Kassel / University of Géttingen, Animal Husbandry in the Tropics and
Subtropics, Germany

Information about gaseous losses of carbon (C) and nitrogen (N) in irrigated organic
agriculture in northern Oman is scarce. To fill this gap of knowledge a field experi-
ment was carried out in an experimental farm near Sohar, during which applications
of two bovine manure types (a C/N ratio of 39 at high fibre content and a C/N ra-
tio of 31 with a low fibre content) and a control treatment (mineral fertilisers with
equivalent levels of N and P and K) were factorially combined with two crop ro-
tations comprising cauliflower (Brassica oleracea) and carrot (Daucus carota subsp.
sativus) each preceded by a crop of radish (Raphanus sativus). Concentrations of soil-
surface emitted NH3, N»,O, CO, and CH,4 were determined using an INNOVA photo-
acoustic infrared multi-gas monitor within a closed chamber system and acumulative
leaching losses through cartridges filled with cation/anion-exchange resins.
Cumulative gas emissions during a 90 day cropping period attained a total of 14
kg N hat (68 % NH3, 32% N,0) and 2,254 kg C ha™! (98 % CO,, 2% CHj) for plots
treated with organic manure of high C/N and high fibre as compared to equal 14
kgN hat and 1,889 kg C ha'! for plots treated with organic manure of low C/N and
low fibre content.

Emission rates declined between irrigation events, most likely due to decreasing soil
moisture. The significant effect of time on gaseous emissions determined for N,O
(p = 0.0266), CO, (p =0.001) and CH4 (p = 0.001) was likely due to changing soil
moisture and relative humidity.

Cumulative N-leaching was with a total 13 kgha higher on plots amended with
organic manure of high C/N and high fibre in comparison to leaching losses of 6 kg
N ha on plots with organic manure of low C/N and low fibre content. Cumulative
N leaching losses were higher on plots planted with cauliflower than on carrot plots.
This may be due to differences in the rooting system and uptake dynamics of both
Ccrops.
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Soil Cover Plants and Physical-Hydrical Attributes of a Rhodic
Haplustox in Organic Production System

JOSE ALOISIO ALVES MOREIRA, ELISABETH RIGO, LUIS FERNANDO STONE,
ALCIDO ELENOR WANDER, MARCIA THAIS DE MELO CARVALHO
Brazilian Agricultural Research Corporation (EMBRAPA), National Rice and Beans
Research Center (CNPAF), Brazil

This work had the objective to evaluate the effect of different soil cover plants on the
physical and hydrical attributes of a Rhodic Haplustox in an organic production sys-
tem, under two tillage systems, no-tillage (SPD) and conventional tillage (SPC). In
each soil tillage system the following cover plants were evaluated: velvet bean (Mu-
cuna aterrima), sunn hemp (Crotalaria juncea), pigeon pea (Cajanus cajan), sorghum
(Sorghum technicum), and fallow. Soil physical and hydrical attributes and aggrega-
tion status was analysed in the soil layers of 0-10, 10-20, and 20-30 cm depth. The
experiments were carried out at the experimental area of Embrapa Rice and Beans,
in Santo Antbnio de Goias, Goias State, Brazil. The experimental design was a ran-
domised block, in 2 x 5 x 3 factorial scheme, with four replications. The soil cover
plant management was done at flowering. The cover plant straw stayed on the soil in
SPD and it was incorporated at soil profile in SPC. The soil water retention, evaluated
by retention curves, was affected by soil tillage systems and cover plants. In the super-
ficial layer, 0-10cm deep, there was higher soil water retention in no-tillage system.
In this system, at 0—-30 cm deep, the soil cultivated with legumes showed higher soil
water retention than that cultivated with sorghum or in fallow. The soil aggregation
status was influenced by soil tillage system. The percentage of aggregates with diam-
eter higher than 2 mm and the mean weight diameter of aggregates was higher in SPD
than in SPC, at 0-10cm and 10-20cm soil layers. A positive correlation between
these variables and soil organic matter was observed in SPD. In both tillage systems,
soil organic matter content decreased with soil depth.

Keywords. Leguminous, no-tillage system, soil aggregation, soil water retention
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Feasibility Study for Domestication of Teucrium polium L. Based
on Ecological Agriculture

ALIREZA KOOCHEKI, GOLSOOMEH AzizI, MEHDI NASSIRI MAHALLATI
Ferdowsi University of Mashhad, Dept. of Agronomy, Iran

Teucrium polium is a species of the Labiatae family. It grows in sandy and poor
regions. This species is treated by human irregular exploitation, excessive domesti-
cated animals grazing, drought, salinity, global warming, climate change, and also
rangeland conversion to agricultural fields. In order to evaluate agroecological crite-
ria for possible domestication of Teucrium polium under cropping conditions based
on ecological agriculture, a primary survey was made in natural habitat of Tandureh
national park in North Khorasan. In this case, biological criteria of plants including
plant density, height, biomass and crown diameter was measured. Also in 2 separate
field trials, agronomic criteria of this species were studied for two years (2006 and
2007) in experimental field of Institute of Plant Sciences of Ferdowsi University of
Mashhad. In the first experiment, direct seeding (16 Oct, 22 Dec, 15 Mar and 13 Apr)
and densities (25, 17 and 13 plants per m?) and in the second experiment, date of
transplanting (17 October and 5 May) and density was evaluated. In the natural habi-
tat, this plant grows in altitude of 1000-1100m, on poor loamy soil. Field experiment
indicated that direct seeding is not successful and autumn transplanting was superior
to spring transplanting. Plants performed much better in the second year compared to
the first year. In natural habitat in the first year, plant essential oil percent was more
than in the field. Essential oil yield was higher in the field plants compared of natural
habitat. However, it is necessary that more research should be conducted on other
agronomic aspects of this problem.

Keywords. Biomass density, domestication, natural habitat, Tandureh national park,
Teucrium polium L., transplanting
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The Impacts of Organic Production on Sustainable Resource Use
and Poverty Alleviation in Iran

HosseIN MAHMOUDIY, FARSHAD GOODARZI BOROUJENI?, MAJID ZOHARIL
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2|sfahan University of Technology, Faculty of Agriculture, Iran

Organic agriculture is a viable approach that can be suitable for smallholders. It can
be particularly useful in the more difficult environments, where resources are scarce
and cultivation is problematic. It also potentially serves to reduce risk by encourag-
ing localised input production, fostering soil and water conservation and encouraging
the diversification of production. Poverty alleviation is possible only if agricultural
production is intensified and — at the same time — natural resources are managed in
a sustainable way. Among the concepts on agricultural development in developing
countries, Organic Farming and Sustainable Agriculture have the best potential to
achieve this objective. It has been development work in practice, not research, which
has succeeded in finding suitable technologies and concepts, in convincing profes-
sionals and decision makers and in creating a high demand for Sustainable Agriculture
and Organic Farming from farming communities. About 86 percent of farmers in Iran
are smallholders which manage near 40 percent of arable lands in Iran, mainly use for
producing high-value cash crops such as rice, saffron and vegetables. Organic agri-
culture will enables Iranian smallholders to achieve household food security and gain
modest incomes while regenerating the land, enhancing biodiversity, and supplying
quality food to local communities. Benefits have been demonstrated by diversified
and integrated organic farm systems that are economically viable, environmentally
sound and supportive of cultural traditions. These environmental, economic and so-
cial objectives are essential to rural development in Iran. In the context Organic agri-
culture combines modern scientific research with traditional farming techniques in a
sustainable, efficient farming system. By working with natural processes and making
use of locally available assets, poor smallholder farmers can build up the fertility and
productivity of their farms while avoiding dependence on expensive external inputs.
Growing markets for certified produce mean that organic agriculture offers an impor-
tant opportunity for the rural poor in developing countries to benefit from international
trade.

Keywords. Organic farming, poverty alleviation, sustainable resource
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| mpact of Organic and Inorganic Fertiliserson Growth, Fruit
Yield, Nutritional and Lycopene Contents of three Varieties of
Tomatoes (Lycopersicon esculentum (L.) Mill)
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1 adoke Akintola University of Technology, Department of Agronomy, Nigeria
2University of Ibadan, Department of Agronomy, Nigeria

In field experiments, three varieties of tomato plants (Roma VF; Ogbomoso local and
Califonia wonder) were grown to test the effect of different fertilisation 0 % NPK or
Tithonia compost (TC); 100 % NPK fertiliser recommendation (i.e. 60kg Nha™ or
300 kg NPK 20-10-10); 100 % of NPK equivalent quantity of TC; 75% NPK + 25 %
TC; 50 % NPK +50% TC and 25 % NPK + 75%TC on growth, yield, nutrient and ly-
copene content of the fruits. The experiment was a split plot in a randomised complete
block design replicated three times. Data were collected on growth, fruit and seed for
physical and chemical parameters. The fruit vitamin C and lycopene contents were
also assessed. The data were subjected to analysis of variance and correlations were
run among parameters to test their association. Significant varietal differences were
observed among the tomato varieties in terms of growth, fruit yield and nutritional
attributes. The plant dry matter yield was highest (38.5g plant™) in Ogbomoso local
and least in Roma VVF (18.0 g plant™). Fruit yield obtained with Ogbomoso local was
45 and 56 % higher than what was obtained from Roma VF and California wonder,
respectively. With regard to vitamin C content Roma VF fertilised with 50 % NPK +
50 % TC gave the highest value which was 23-67 % higher than values obtained from
the other treatment combinations. Organically grown tomato also contained higher
content of lycopene when compared with inorganic treated plants. It was also ob-
served that the higher the proportion of TC compost in the treatments the higher the
lycopene content. It could be concluded that the use of organic fertiliser has potential
in improving the growth, fruit yield and nutritional value of tomato fruits.
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Problems and Potentials of Organic Agriculture Development
in Nepal
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Current research focuses on the problems and potentials of organic agriculture in
Nepal basing on the study of stakeholders of organic agriculture. It has been found
out that about 2.5 % of households of urban areas are consuming organic products and
almost 30 % are found to have desire. Most of the organic production and marketing
system in Nepal is on the basis of community trust. Market for organic products is
quite rudimentary and legal certification hasn’t started. There has been lacuna in re-
search on the technologies to support organic agriculture. Most of the farmers are well
aware about the negative repercussion of the indiscriminate use of the agro-chemicals
in their farm and opined that they would like to shift from inorganic towards organic
agriculture; however, marketing for such products is the greatest bottleneck.

All domestic organics reach to consumers without labeling. Consumers have a be-
lief that organic food is healthier, less polluted and more natural, than conventionally
produced foods. Many of the consumers are of the view that quality of the organic
products is good and that’s why these products are expensive. Most of them are will-
ing to pay 10-15% of more price to the organic products over inorganic while they
are willing to pay 20-30% more price to the organic products if they are labeled.
Organic products are usually sold directly from farmers or through specialised shops
and restaurants. Organic industry is too small and a long way to go in Nepal. Due to
the lack of financial support for conversion, organic farmers rely only on consumers’
willingness to pay higher prices to obtain compensation for lower yields or higher
costs that may arise due to the organic practice. Till date there is a vacuum of govern-
ment policy to support organic opportunities in the country. Managing own Internal
Control Systems better prepares farmers to manage plethora of other standards that
are increasingly mandated for the trade. Political commitments such as avoiding con-
flicting drive to maximise production, hammering proactive policy, providing market
incentives and institutionalisation of Nepalese organic movement are imperative to
further enhance organic sector in Nepal.

Keywords: Consumers, households, labeling, marketing, organic agriculture
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Effects of Organic, Organomineral and Fertiliser Treatmentson
the Yield, Nutrient Uptake and Quality of Amaranthus cruentus on
two Soil Typesin Nigeria

ESTHER MAKINDE!, HASSAN TIJANI-ENIOLA?Z
1| agos State University, Department of Botany, Nigeria
2University of Ibadan, Agronomy, Nigeria

Under tropical soils, the precise requirement of inorganic fertiliser and its possible
substitute is yet to be validated for the production of Amaranthus cruentus. The nu-
trient requirement of A. cruentus under two soil types and yield quality under field
conditions were investigated. Field experiment was conducted at two locations in La-
gos State Ikorodu (Orthic Luvisol) and Lagos State University (LASU) Ojo Campus
(Dystric Flouvisol) to investigate the effects of organic, organomineral and NPK fer-
tiliser treatments on the yield and quality of Amaranthus cruentus. Eight fertiliser
treatments (1) Control (no fertiliser), (2) Pacesetter’s Grade B (PGB) 100 %, (3) PGB
+ NPK (75:25), (4) PGB + NPK (50:50), (5) Kola Pod Husk (KPH) 100 %, (6) KPH
+ NPK (75:25), (7) KPH + NPK (50:50) and (8) NPK (100 %) were tested at first
planting. Residual effects of fertiliser were assessed in the second and third planting
periods. The experiment was arranged in a randomised complete block design with
four replications. Parameters assessed include dry matter yield (DMY), Proximate
analysis and nutrient uptake. Data were analysed using ANOVA. The yields obtained
were in the order of KPH + NPK (75:25) > PGB + NPK (75:25) > KPH (100 %) >
PGB + NPK (50:50) > KPH + NPK (75:25) > PGB (100 %) > NPK (100 %) > con-
trol. Compared to the control, application of KPH + NPK (75:25) and PGB + NPK
(75:25) had significantly (p < 0.05) higher DMY (200.1% and 250.2 %) at Ikorodu
and LASU respectively. The KPH + NPK (75:25) resulted in significant (p < 0.05)
higher crude protein content (19.8 and 14.9 %), ether extract (8.5 and 8.2 %) while
crude fibre (9.5 and 10.8 %) was lower than control at Ikorodu and LASU respec-
tively. Nitrogen uptake at Ikorodu was significantly (p < 0.05) higher (87.1) than
that of LASU. The KPH and PGB had high potential in A. cruentus production. At
Ikorodu, KPH + NPK (75:25) was the best while at LASU, PGB + NPK (75:25) was
optimum. KPH + NPK (75:25) gave highest crude protein, ether extract lowest crude
fibre in A. cruentus.
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Sequential Application of Antagonistsfor the Biological Control of
the Burrowing Nematode Radopholus similisin Banana

ALEXANDER R. MENDOZA LUNA, RICHARD A. SIKORA
University of Bonn, Institute of Crop Science and Resource Conservation-Plant
Pathology, Germany

Recent work suggests that the combination of different biocontrol agents with differ-
ent modes of action could be more effective for the control of nematodes than individ-
ual application. The aim of this work was to determine the biocontrol effects of single
or sequential applications of the mutualistic endophyte Fusarium oxysporum strain
162 (5% 108 and 1x 107 spores per plant), the eggs pathogen Paecilomyces lilacinus
strain 251 (1.8 x 107 conidia g™ soil) and the antagonistic bacteria Bacillus firmus (2 g
of product/plant) toward Radopholus similis in banana in pot trials under greenhouse
conditions. The single or combined application of fungus-fungus or fungus-bacteria
was shown to reduce R. similis penetration and reproduction. The combination of
F. oxysporum and P. lilacinus caused a 68.5 % reduction in nematode density in the
root system, whereas the individual applications reduced the density by 27.8% and
54.8 % over the control, respectively. Satisfactory results were also obtained with se-
guential application of F. oxysporum and B. firmus. The combined treatments reduced
the density of R. similis up to 86.2 %, followed by 63.7 4% and 32.7 %, with a single
application of B. firmus or P. lilacinus, respectively. The combination of P. lilacinus
and B. firmus increased significantly the biocontrol of R. similis, compared with the
single applications of the agents and the absolute control. The density of nematode
in the root system was reduced to 91 % with mixed inoculations of both biocontrol
agents. Meanwhile, the single applications of P. lilacinus or B. firmus reduced R. sim-
ilis population up to 58 % and 67 %, respectively. The compatibility of the biocontrol
agents, as well the capacity of F. oxysporum to colonize banana roots in absence and
presence of P. lilacinus or B. firmus was also investigated. P. lilacinus or B. firmus did
not adversely affect endophytic colonisation by F. oxysporum. It can be concluded
that biological control of R. similis in banana can be enhanced via sequential appli-
cation of antagonist with different modes of action that target different stages in the
infection process.

Keywords: Bacillus firmus, bacteria, combined applications, endophytic, fungi,
Fusarium oxysporum, Musa, Paecilomyces lilacinus
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Effect of Natural Plant Enhancers on Soil Bacteria and Control of
Plant-Par asitic Nematodesin L ettuce

ALFONSO CABRERA, RICHARD A. SIKORA
University of Bonn, Phytopathology & Nematology in Soil Ecosystems, INRES,
Germany

The root-knot nematode Meloidogyne incognita has a world-wide distribution and is
a major limiting factor in vegetable cultivation. Today there is an increasing demand
for environmental friendly products to substitute or alternate with pesticides in IPM
management programs for plant parasitic nematodes control. The impact of plant
growth enhancers on the microorganisms that make up the soil antagonistic potential
has not been studied in detail. The aim of this study was to investigate the effect of
natural plant growth enhancers on soil bacteria population densities and on control of
the economically important root-knot nematode, M. incognita, in lettuce. The plant
enhancers evaluated were Azet®, Oscorna®, MagicWet®, TerraPy®, chicken manure
and green compost. All treatments were compared to a biological and a chemical
nematicide, DiTera® and Nemacur®, respectively. Oscorna® (450kg ha—1), Azet®
(300 kg ha~1) and DiTera® (112 kg ha—1) significantly increased bacterial population
densities over the other treatments 1 and 3 weeks after application. Azet® (300kg
ha~1) reduced M. incognita penetration to lettuce roots 50 % from day 0 to 30 days
after soil treatment. MagicWet® (200kg ha—1) reduced M. incongita 50% 7 days
after treatment but its efficacy was lost 2 weeks later. DiTera® controlled M. incognita
similarly to Nemacur® the week after application but its nematicidal activity slightly
decreased 4 weeks later. Chicken manure (5,000 kg ha—1) was phytotoxic inhibiting
lettuce germination even 30 days after application. The study revealed that Azet®
greatly stimulates soil bacteria biomass which seems to be related to a reduction in the
root-knot nematode. The results suggest that specific antagonistic bacteria increase
when this compound is applied to the soil thereby stimulation the suppressiveness of
the soil to nematode damage.

Keywords. Biocontrol, compost, fatty acid derivatives, fenamiphos, Lactuca sativa,
Myrothecium verrucaria, plant lipids, root-knot nematodes, soil amendments, sugar
based surfactants, vegetables
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The Role of Natural Enemiesin Chilo partellus (Swinhoe)
(Lepidoptera: Crambidae) Population Suppression in Cereal
Culturein Ethiopia

EMANA GETU
Addis Ababa University, Biology Department, Ethiopia

Chilo partellus (Swinhoe) (Lepidoptera: Crambidae) is an exotic stemborer intro-
duced to Africa from Asia some eighty years ago which results in 30-50% grain
losses by attacking all stages (seedling, vegetative, flowering and maturity) of the
crop in the field. As the case in all exotic pest, the control of C. partellus was at-
tempted through classical biological control by introducing an endo-larval parasitoid,
Cotesia flavipes (Cameron) (Hymenoptera: Barconidae) form India and Pakistan. The
field release of C. flavipes was done in most of the eastern and southern African coun-
tries where C. partellus is a very important pest. However, in Ethiopia the parasitoid
established with out release. The population established in Ethiopia might be from
the Somalia release of 1997 along the Shebele river. Cotesia flavipes was for the first
time recorded in Ethiopia and the 2007 survey showed that the average parasitism
rate was 72.5%. The rate growth in parasitism since its establishment is tremendous
indicating the success of biological control in suppressing the density of C. partellus.
More over, there are a number of pupal and egg parasitoids of C. partellus recorded
in Ethiopia. A number of entomopathogens belonging to fungi and nematodes were
also isolated from C. partellus in Ethiopia. In summery natural enemies can give suf-
ficient control of C. partellus. However, the naturally occurring bio-agents should be
complemented with other control options such us habitat management (push-pull) and
Varietal resistance among others. Augmentative release of C. flavipes and application
of conservation mechanisms should also be done.
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Can Fusarium-Wilt-Resistant Tomato Varieties Suppress the
Biological Control of Root-Knot Nematode I nduced by
Mutualistic Non-Pathogenic Fusarium oxysporum Antagonists?

MOHAMED E. SELIM!, ABD EL-FATTAH DABABAT!, RICHARD A. SIKORA?
LUniversity of Bonn, Institute for Plant Diseases, Germany
2University of Bonn, Institute of Crop Science and Resource Conservation, Germany

Mutualistic endophytes are well known for their antagonistic activity against a wide
range of plant pathogenic fungi and nematodes. One of the most important these
endophytes is non pathogenic Fusarium. Many studies have been conducted using
different isolates of the mutualistic endophytic Fusarium oxysporum as antagonists
against different genera of plant parasitic nematodes on different hosts and varieties.
Obtained results of these studies revealed that, there are many mechanisms involved
in the interaction between these endophytes and the target pest or disease. Induced
systemic changes in host attractiveness and or production of repellents is considered
one of the most unique of these mechanisms. The Induction of host systemic resis-
tance by the mutualistic endophytic oxysporum against Meloidogyne incognita was
detected on susceptible tomato varieties to Fusarium wilt pathogen. In this study the
endophytic fungus, oxysporum strain 162, was used in a split-root system to determine
If Fusarium-wilt resistant tomato varieties adversely affect the induction of systemic
activity to the root-knot nematode, M. incognita or not. Obtained results of presented
study showed that the mutualistic endophytic oxysporum isolate (162) maintains ef-
fectiveness and significantly reduces infection on both inducer and responder root
sections. The reduction in gall number was similar, 36 % and 34 %, on the inducer
and responder sides respectively. The results therefore demonstrated that the induced
systemic resistance activity of this antagonist was present even on tomato plants hav-
Ing resistance to the wilt fungus F. oxysporum. This is of practical importance in that
many commercial varieties are resistant to the wilt fungus.

Keywords: Biological control, Fusarium wilt resistace tomato, induced resistance,
Meloidogyne incognita, Fusarium oxysporum, root-knot nematode
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A New Version of the Prototype for Mechanical Distribution of
Beneficials

RITA PAPA, GIACOMO BLANDINI, GIUSEPPE EMMA, SABINA FAILLA,
GIUSEPPE MANETTO

University of Catania, Department of Agricultural Engineering, Mechanics Section,

Italy

A new version of the device patented by University of Catania and already used in
natural enemy distribution trials on greenhouse vegetable crops has been designed
and constructed in order both to increase the work capacity and to promote a low
Impact pest control, which respects the environment and consumers’ and farmers’
health.

This version has the same working principle of the former prototype, but materials
and dimension of the hopper, the distributor and the rotating disc have been changed.
Currently, it is made up of a conical aluminium hopper to hold and to measure out
the product. The top is fitted with an electric motor which governs the rotation of a
distributor, fixed along the vertical axis of the hopper. Product falls onto an aluminium
distributor disc which rotates around its vertical axis by means of a second direct-drive
electric motor attached below the prototype.

With this model, set on a handle directly carried by the operator, the device perfor-
mance will be improved both in distribution uniformity in time and in manoeuvrabil-
ity within a greenhouse. Consequently, greater work capacity and higher work quality
will be achieved.

Several laboratory trials, preliminary to field tests, have been carried out to evaluate
some machine parameters: the throw direction, the spatial distribution, the quantity
distributed, the uniformity of throw in time, the vertical distribution of product at
different distributor heights as well as at different distances from the test bench. The
tests were run with inert material commonly used for marketing bottles of beneficials:
humid vermiculite and buckwheat husks mixed with humid vermiculite.

Moreover, experienced entomologists have evaluated throw effects on natural enemies
vitality, with samples both from the hopper and from the rotating disc throw. Neg-
ligible or absent impact on natural enemies proves prototype efficacy and enables its
usage both with technical and economic advantages on manual distribution, which is
actually practised in Italy.

The preliminary tests are really encouraging and let us think about a possible wide
diffusion of this device for beneficial distribution in biological crops.

Keywords. Greenhouse, natural enemies, plant protection machines, sustainable pest
management
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| solation and Screening of Pseudomonas fluorescens | solates from
|ndonesian Soils against Fusarium oxysporum Schlect f. sp.
radicis-lycopersici Jarvisand Shomaker

YUSRAN YUSRAN, MARKUS WEINMANN, GUNTER NEUMANN, VOLKER
ROMHELD, TORSTEN MULLER
University of Hohenheim, Institute of Plant Nutrition, Germany

The application of antagonistic microorganisms for biological control of root diseases
in agriculture is an increasingly important alternative or supplement to chemical pesti-
cides. Fluorescent pseudomonads have several advantages compared to other biocon-
trol agents and attracted particular attention among scientists. Strains of Pseudomonas
spp. isolated from the rhizosphere are promising as seed inoculants in innovative
agriculture to promote plant growth and crop yield and reduce various plant diseases.
In the present study, Pseudomonas isolated from Indonesian soils have been inves-
tigated with respect to their biochemical and physiological characteristics and their
effectiveness against Fusarium oxysporum Schlecht f. sp. radicis-lycopersici Jarvis
and Shomaker (FORL 11r).

From four soil samples, collected from the rooting zone of tomato, maize, peanut and
cacao at farmer’s field in Banda Aceh, Aceh and in Palu, Central Sulawesi, Indonesia,
altogether 28 pseudomonads strains were isolated and selected for biochemical and
physiological characterisation. Therefore the soil samples were serially diluted up
to 10-9, plated on King’s B (KB) agar medium and incubated at room temperature
(27+2°C) for 48 h. Distinct colonies showing fluorescence under UV light at 360 nm
were picked and streaked on KB agar medium to check the purity. The isolates ex-
hibited a wide variation in production of several considered substances as biocontrol
factors such as: siderophores, cyanide, chitinase, protease, proteinase and arginine di-
hydrolase. Antagonistic growth inhibition of FORL by the pseudomonads strains was
tested by coincubation on KB medium. All isolates inhibited the mycelium growth
of FORL but five isolates sowed superior antagonistic efficacy over the other isolates.
These five isolates were selected for further studies on their effect in improving myc-
orrhisation and suppressing soil-borne pathogen under greenhouse conditions.

Keywords. Biocontrol, FORL, isolate, Pseudomonas fluorescens, Soilborne pathogens,
Fusarium oxysporum, Indonesia
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Effects of Different Entomopathogenic Fungi on Western Flower
Thripsand Selected Thrips Predators

ERIKA ARIAS CORDEROY, RAINER MEYHOEFER?, HANS-MICHAEL POEHLING?
1| eibniz Universitat Hannover, Msc International Horticulture, Germany
2| eibniz Universitat Hannover, Institute of Plant Diseases and Plant Protection,
Germany

Western Flower Thrips, Frankliniella occidentalis (Pergande) (WFT) has become a
very important pest in Europe that causes significant losses of high value crops in
greenhouse and open field production. To overcome increasing selection of pes-
ticide resistant biotypes Integrated Pest Management (IPM) with combinations of
safe control alternatives should be the method of choice for thrips management. Be-
sides thrips predators, application of insect pathogenic microorganisms such as Ento-
mopathogenic Fungi (EPF) is highly promising and recommended. EPF are naturally
occurring pathogens that attack a wide range of insects and arthropods. However,
combination of both strategies may arise some possible antagonistic effects against
each other. The main objective of the present study was to investigate under labo-
ratory conditions, the efficacy of nine EPF strains against WFT, and particularly the
susceptibility of common predators of thrips such as Amblyseius cucumeris (AC),
Orius laevigatus (OL) and Hypoaspis aculeifer (HA). Test organisms were short
time immersed in EPF spore solutions and mortality rate was evaluated on daily ba-
sis for seven days as main parameter for the susceptibility of each organism. The
EPF screened with WFT adults included strains from the following species: Beau-
veria bassiana (Bals.) Vuill., Paecilomyces fumosoroseus (Wize) Brown and Smith,
Verticillium lecanii (Zimm.) Viégas and Metarhizium anisoplae (Metsch.). After a
series of screening experiments, including optimisation of test arena layout and as-
sessment of convenient humidity regimes, the strains B. bassiana (Naturalis), P. fu-
mosoroseus (Fwa3) and M. anisoplae (2936) were selected for further testing against
predators. By using the Kaplan-Meier estimator the survival function for each preda-
tor was estimated from life-time data. The obtained data suggest statistically signifi-
cant differences on cumulative survival (for seven days) by Naturalis treatment (AC:
0.386+0.103, HA: 0.438+0.105, OL: 0.190+0.086) compared with the control (AC:
0.656+0.099, HA: 0.917+0.056, OL: 0.864+0.073), for the three predators evalu-
ated. Further experiments will distinguish possible formulation effects before finally
rating the impact of the evaluated EPF on non-target organisms.

Keywords. Entomopathogenic fungi, non-target effects, predators, western flower
thrips
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M or photypes of the I nvasive Fruit Fly Bactrocera invadens
towar ds Eggs of the Parasitoid Diachasmimorpha longicaudata
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LUniversity of Bremen, Population Ecology Lab, Germany
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In 2003, the Asian fruit fly Bactrocera invadens Drew, Tsuruta & White (Diptera:
Tephritidae) was first reported in Africa. This insect is an invasive species that is to
date considered to be among the major pests of mango in Sub Saharan Africa. Being
an alien pest and lacking indigenous parasitoid species, the use of introduced para-
sitoids against B. invadens may be a promising pest management strategy. One key
factor for the success of such classical biological control programs is the physiological
compatibility between the parasitoid and the target pest. Preliminary work indicated
that B. invadens exhibits a differential ability of immuno-suppression against the in-
troduced endoparasitoid Diachasmimorpha longicaudata (Ashmead) (Hymenoptera:
Braconidae). Within the population of B. invadens there are eight distinct morpho-
types based on the pattern of the scutum. We hypothesised that the intraspecific vari-
ability in encapsulation ability is related to these different morphotypes. Four major
morphotypes have been evaluated for the ability to encapsulate D. longicaudata eggs.
The total and differential haemocyte counts and number of encapsulated and non-en-
capsulated parasitoid eggs for the parasitized fly larvae were recorded at different time
intervals after parasitisation, for each morphotype. The haemocyte counts were com-
pared with that of unparasitized larvae of the same age as that of the parasitized ones.
Additionally, the impact of parasitoid adaptation to the host has been investigated by
recording the number of encapsulated and non-encapsulated eggs of consecutive gen-
erations of D. longicaudata reared on B. invadens. The potential use of this parasitoid
species in classical biological control of B. invadens will be discussed.

Keywords. Bactrocera invadens, Diachasmimorpha longicaudata, immuno-suppres-
sion
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Selection of Entomopathogenic Fungi for Spodoptera litura
Control

PATCHARIN KRUTMUANG, SUPHATSA PRAKONGSUK, JARIYA VISITPANICH
Chiang Mai University, Department of Entomology, Thailand

Biological control with pathogenic fungi is a promising alternative to chemical con-
trol against the insect pest of vegetable. Ten isolates of green muscardine fungus,
Metarhizium anisopliae as entomopathogenic fungus were used to test for pathogenic-
ity on second instar of common cutworm, Spodoptera litura under the laboratory
conditions. The tested larvae were placed in Petri dishes containing green muscardine
fungus and they were allowed to make a direct contact with the particular entomoge-
nous fungus. It was revealed that 3 isolates of green muscardine fungus, BCC1858,
BCC4849 and Khon Kaen were effectively killed 100 % of the cutworm larvae within
2 days. Subsequently, M. anisopliae isolates were brought to examine with 8 different
media for physiological properties. The result showed that mungbean agar (MU) was
the best for mycelial growth and sporulation. Moreover, the optimum temperature for
growth was ranged around 30-35 °C. When the isolates were kept in the room with
12 hours light alternated with 12 hours dark, they were produced more green spores
than the other. [The best conditions for sporulation were observed when the isolates
were kept at 30—-35°C with 12 hours light alternated with 12 hours dark.] When the
3 most effective isolates were tested with the 1%, 2nd and 3rd instars of cutworm at 4
concentration levels included of 107, 108,109 and 1010 sporesml™. The result indi-
cated that the isolate 4849 with the concentration of 6 x 108 spores ml™* was the most
effective one. It was observed to cease the 3rd instar of cutworm by 79.49 % within 7
days.

Keywords. Spodoptera litura, Biological control, Entomopathogenic fungus, Metarhiz-
ium anisopliae
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Susceptibility of Different Stages of the M editerranean Fruit Fly
Ceratitis capitata, to Entomopathogenic Fungus Lecanicillium
muscarium

ALI ALl, HELGA SERMANN, CARMEN BUTTNER
Humboldt-Universitat zu Berlin, Institute for Horticultural Sciences, Phytomedicine,
Germany

This study determined the pathogenicity of L. muscarium to eggs, larvae and adults
of C. capitata under laboratory conditions.

Four ml of suspension of L. muscarium (4x107 conidiaml™?) was applied on sterile
filter paper in Petri dishes and water for the control respectively. Eggs were placed on
the infected filter paper and incubated at 20°C. After 24 h 10 contaminated eggs were
transferred on artificial diet and incubated at 25°C and 70% R.H (5 replicates).

The entomopathogenic fungus was low pathogenic to the eggs, although the differ-
ences in the mortality between the fungus (24 %) and the control (8 %) was signifi-
cantly.

To evaluate the susceptibility of the old larvae, plastic container (3,8 cm diam. x 2,8 cm
high) were filled with 10 g dry soil and sprayed with 1 ml suspension (4.3 x 106 spores
cm2) on the soil surface using a small dash bottle. On each container 10 old larvae
were transferred on the treated soil in the container. Container were incubated at 25°C
and 70% R.H (5 replicates).

L. muscarium reduced emergence of adult at 46 % in comparison to the control with
74 %. In the treatment 54 % were dead but 40 % of those were infected probable with
L. muscarium.

To evaluate the susceptibility of adults in plastic container (5cm diam. x 3,5cm high)
were filled a small layer of soil and 15 ripe pupae spread uniformly on the surface.
Above it 2 to 3 cm layer of soil were filled again. Three ml suspension (3107 conidia
ml1) was sprayed on the soil surface. Incubation took place (5 replicates) at 25°C,
and 70% RH. All emerged adults were transferred daily to cages with water and dry
yeast extract-sucrose. All dead flies were disinfected, placed on water agar in Petri
dishes and incubated at 20°C.

The fungus was pathogen to the flies. In course of experiment 65,6 % of flies were
dead in comparison to the control with 13,2 %. 40,6 % of emerged flies was moulded.
These results indicate, that L. muscarium is pathogenic against C. capitata. From all
developmental stages the adults are mostly susceptible against this entomopathogenic
fungus.

Keywor ds. Ceratitis capitata, developmental stages, Lecanicillium muscarium, mor-
tality
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Combinations of Fungal and Bacterial Antagonists for Biological
Control of the Rice Root-K not Nematode Mel oidogyne graminicola

TT HUONG LE!, JONATHAN PADGHAM?Z, RICHARD A. SIKORA3
LUniversity of Bonn, Crop Science and Resource Conservation, Laboratory of Nematol-
ogy, Germany
2The World Bank, Washington Dc, Usa, Climate Change Consultant,
3University of Bonn, Institute of Crop Science and Resource Conservation, Germany

The rice root-knot nematode Meloidogyne graminicola is a serious pest across rice-
wheat rotation areas of South Asia’s IndoGangetic Plain and in rice producing areas of
Southeast Asia. This nematode can cause yield losses of between 20 and 80 %. Two
of the most effective control measures, soil flooding and nematicide application, are of
increasingly limited utility due to water shortage and high cost of nematicides. Given
the limited scope of management options, the development of an integrated strategy
that combines resistance breeding with biological and cultural control is needed. Bio-
logical control using endophytic microorganisms has been demonstrated to be highly
effective against sedentary and migratory endoparasites including plant parasitic ne-
matodes. Therefore, a biological control system, as an alternative control measure
for management of the rice root-knot nematode, is being developed. Three different
antagonists; a pathogenic fungus (Trichoderma sp.), mutualistic endophyte (Fusar-
ium verticillioides) and an endophytic bacterium (Bacillus megaterium) isolated from
soils of different rice growing regions in Vietnam and Taiwan, were used in different
combinations to enhance biological control of the root-knot nematode. The effect of
single or multiple applications of these biocontrol agents against M. graminicola in-
festation was investigated under greenhouse conditions. The biocontrol agents were
applied to the rice seedlings at different growth stages either individually, simulta-
neously or sequentially. Root galling severity was then compared between different
treatments. Compatibility of these microorganisms in vitro was also studied. This
paper discusses methods of fungal and bacterial application, compatibility of biolog-
ical control agents in vitro and the possibilities of combining different antagonists to
enhance biocontrol efficacy.

Keywords. Bacillus megaterium, biological control, endophytic bacteria, endophytic
fungi, Fusarium verticillioides, Trichoderma
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| solation of Bacillusthuringiensis from the Phylloplane of Some
Vegetables

LAWRENCE HOEDOAFIAl, AMEWOWOR DAMIAN?, LAWRENCE OFOSU-APPIAHS
L Ankaful Psychiatric Hospital, Laboratory Department, Ghana
2University of Cape Coast, School of Biological Science, Department of Molecular Biol-
ogy and Biotechnology, Ghana
3Ghana Health Service, Public Health and Refrence Laboratory, Ghana

Bacillus thuringiensis also known as Bt is a gram positive rod which is mostly found
in the soil. The Bt bacterium is spore-forming and produces crystal protein which
are toxic to many species of insects. The samples being worked on are vegetables
and this include the outer leaves of Brassica oleracea capitata (cabbage), Lactuca
sativa (lettuce) and leaves of Daucus carota (carrot), Lycoperiscon esculata (tomato),
Capsicum species (pepper), Allium cepa (onion) and Abelmoschus esculentus (okro).
These samples were taken from the School farm, garden and the market all located on
the premises of the University of Cape Coast (U.C.C.). The samples taken were placed
in transparent plastic bags and sealed immediately to prevent introduction of contam-
inants. These samples were collected from the Agricultural Research and Teaching
farm as well as from the school market and the school garden located on the premises.
The leaves from the various vegetables were weighed thus 10 g of the leaf sample was
immersed in 90 ml of peptone water in the transparent plastic bags. The content of
the plastic bag (leaf and peptone) was vigorously shook for about 5 min to dislodge
the bacteria in the leaf. 50 ml of the solution was dispensed into a centrifuge tube,
and centrifuged for 5-10 minutes at 2000-3000 revolution per minute. The super-
natant was decanted and the sediment inoculated on the nutrient agar. This was then
incubated overnight at 37°C, the morphology of the isolates were noted and identified
using biochemical tests and those identified were found to be of medical importance.
These were pathogens that can cause diseases in humans when ingested.

Keywords. Bacillus thuriengiensis, vegetables, Ghana
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Natural Enemies of the Acacia Bagwor m Auchmophila kordofensis
rebel (Lepidoptera, Psychidae) and their Rolein its Natural
control in North Kordofan, Sudan

MOHAMMD ELNAZEIR MAHMOUD, AHMED MOHAMED, MUSA AHMED
Agricultural Research Corporation, Plant Protection Research Center, Sudan

Auchmophila kordofensis, locally known as ‘Umcigara’ is reported in Sudan since
1901. It is wide spread in the poor savannah belt associated with Acacia nubica and
Acacia tortilis as major hosts. This insect is monovalent, its egg hatching starts on
the onset of the rainy season (around June-July) and the development takes around
one year. In the semiarid areas of north Kordofan, A. nubica and A. tortilis play a
vital role in conserving biodiversity, protecting water sheds, preventing soil erosion
and retarding desertification. Moreover, these trees provide forage for livestock and
are a major source for firewood and timber. Persistent droughts and repeated heavy
infestations by the acacia bagworm Auchmophila kordofensis have adversely affected
the contribution of these trees to ecological stability, in addition to that, there is a
growing concern that the insect may endanger Acacia senegal, the producer of gum
Arabic.

These real and potential threats have triggered interest in the acacia bagworm and el-
evated it to the status of a national issue that requires intensive investigations. This
study was carried out in north Kordofan in 2004 to identify the natural enemies of
the acacia bagworm and assess their role as control agents. The parasitoids found
associated with the acacia bagworm were Tachina ebneri VILLINEUVE, Eurytoma
spp, Goryphus nursei CAMERON, Brachymeria sp. and three other unidentified hy-
menopterous species. The mean percent of parasitism by both Tachina ebneri and
Eurytoma spp. reached 27.2%. Predation by ants, mainly Messor galla and Cataly-
phus bicolor, was 23 %. Also, several spiders were found preying on the bagworm.
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L aboratory Evaluation of Entomopathogenic Fungi Metarhizium
anisopliae and Beauveria bassiana against Thrips tabaci
(Thysanoptera: Thripidae)

PATCHARIN KRUTMUANG!, MALEE THUNGRABEAB?
LChiang Mai University, Department of Entomology, Thailand
2Rajamangala University of Technology Lanna, Thailand

Thrips tabaci is a polyphagous pest that attacks many different horticultural crop and
ornamental plant species. Recently, the need to reduce the use of insecticides in the
control of thrips is more and more increasing. On that account, the possibility to
make use of the entomopathogenic fungus was tested to Thrips tabaci. Four isolates
of Metarhizium anisopliae (Metschnikoff) Sorokin (BCC 1964, 4810, 4849 and 5797)
and four isolates of Beauveria bassiana (Balsamo) Vuillemin (BCC 2637, 5436, 6241
and 6966) were evaluated for their pathogenicity against the first instar of Thrips
tabaci. Larvae were exposed by micro sprayer with conidial suspension at a single
concentration of 108 spores mIt under laboratory conditions. (16L: 8D photoperiod,
30+1°C temperature, 96 % RH). Metarhizium anisopliae isolates caused cumulative
mortality rates ranged from 20.85-97.61% at 5 days post-inoculation. The LT90
values in all the isolates did not exceed 5 days. The highest mortality of 97.61%
was achieved by using Metarhizium anisopliae BCC 4849. Mortality rates more than
82 % were observed in all isolates of Beauveria bassiana. Isolates of both fungal
causing more than 80 % mortality will be subjected to dose-response mortality bioas-
says, 1 x 108, 107, 108, and 10° conidiamlt. However, the implications of above
results in relation to thrips control in greenhouse and to future research are discussed.
Microbial control with fungal pathogens provides promising new avenues for control
of Thrips tabaci and related species and could be a useful component of an integrated
pest management programme for the organic crops and ornamental industry.

Keywords. Thrips tabaci, Beauveria bassiana, entomopathogenic fungi, Metarhiz-
ium anisopliae
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Effect of Non-Pathogenic Fusarium oxysporum Strain 162 in
Solanaceae and Cucur bitaceae Crops Towards Trialeurodes
vaporariorum

R.D. MENJIVAR, J. KRANZ, RICHARD A. SIKORA
University of Bonn, INRES Institute of Crop Science and Resource Conservation, Dept.
of Plant Pathology, Unit. Nematology in Soil Ecosystem, Germany

The greenhouse whitefly Trialeurodes vaporariorum (GHWF) is one of the most
widely distributed insect pests in tropical and subtropical agricultural regions, affect-
ing over 600 different plant species. T. vaporariorum (GHWF) has been a problem in
greenhouses for many years, because it has the capability to reduce plant productivity
and longevity. Besides whiteflies are very important vectors of viruses and are able
to cause significant crop damages and yield losses. Induction of systemic resistance
by non-pathogenic micro-organisms is a well known option in plant protection. For
example non-pathogenic strains of fungi of the genus Fusarium used to induce sys-
temic resistance are able to control the incidence of Fusarium wilt and Meloidogyne
incognita in tomato. Accordingly the objective of this study was to evaluate the effect
of F. oxysporum strain 162 (Fo 162) in two different vegetables towards T. vaporari-
orum. Fo 162 was applied at 1 x 106 cfu g™ of soil twice to the respective treatments.
The first fungal inoculation took place during germination time and the second when
the seedlings were transplanted. About 1000 GHWF adults were released in each
trial. Ten days after the second Fo162 inoculation, the number of GHWF adults on
the leaves was counted for the next 12 and 9 consecutive days on tomato (Lycoper-
sicon esculentum ) cv. Hellfruecht and on squash (Cucurbita pepo) cv. Eight Ball,
respectively. The study revealed that 38 % (mean number of all consecutive sam-
plings) of the released GHWF adults could be found on the tomato plants treated with
Fo162 in comparison to 62 % of all counted GHWF adults detected on the leaves of
the non-treated control plants. In squash the percentages were 20 % (plants treated
with Fol162) and 80 % (control plants), respectively. This investigation demonstrates
an impact of the endophytic fungus Fo162 in tomato and squash on T. varporariorum
because it reduces the population density of this pest on the leaves of the tested crops.
This might be used as a further option in an integrated pest management system to
control this serious greenhouse pest. The possible fungal mode of action and its effect
on insects regarding resistance mechanisms are discussed.

Keywords: Cucurbitaceae, endophytic fungi, insects, pests management, resistance
mechanisms, Solanaceae, vegetables, whiteflies
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Analysis of Host Plant Preference and | mpact of Glucosinolates
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Phyllotreta striolata, the striped flea beetle, has a narrow host plant range restricted to
the Brassicaceae, Capparaceae, and Tropaeolaceae. This beetle feeds on stems and
leaves of many economically important crops, especially Brassica vegetables such as
cabbage, cauliflower, radish and pak-choi. The coincidence that the preferred plant
families are known to contain glucosinolates (gs) suggests these compounds may act
as chemical cues for host plant acceptance in P. striolata. Evidence for this hypothe-
sis comes from field studies demonstrating the striped flea beetle is attracted to allyl
isothiocyanate (AITC) and other glucosinolate breakdown products. In field exper-
iments, we have shown that AITC at a dose of 0.8 ml per trap could significantly
increase trapping of flea beetles. To investigate the relationship between this pest and
host plant volatiles, we examined nine different commercial Brassica crops (cabbage,
cauliflower, broccoli, Chinese kale, Chinese cabbage, pak-choi, winter rape, Indian
mustard, and radish) under free choice conditions. The P. striolata infestation of crops
inside a net house in the field was observed for four to five weeks. In all experiments
we found Brassica oleraceae sub-species (cabbage, cauliflower, broccoli, and kale)
were significantly less preferred than the other crops. The preference for some crops,
e.g. pak-choi and Chinese cabbage, changed during the growing period. We subse-
quently analysed the total gs content and profile of crop plants using HPLC. Chinese
cabbage and pak-choi had the lowest amount of gs (< 10 mol per g dry weight) while
Indian mustard and radish leaves had the highest gs content, up to 100 mol per g dry
weight. Because crops with the highest as well as the lowest total gs content are pre-
ferred by P. striolata, we assume the total gs content is not critical for this interaction.
Interestingly, sinigrin (allyl gs), the precursor of the volatile AITC, was found in both
preferred and non-preferred plants. However, sinigrin was not detected in Chinese
cabbage and pak-choi. The analysis to identify the bioactive compounds in Brassica
for P. striolata is in progress.

Keywords. Glucosinolates, Brassica, Phyllotreta striolata, host plant preference
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Molecular Dissection of the Systemic Defense Response in Banana
against Radopholus similisInfection Induced by Beneficial
Fusarium oxysporum Strains

ANDREAS KURTZ, RICHARD A. SIKORA, ALEXANDER SCHOUTEN
University of Bonn, Soil Ecosystem Phytopathology and Nematology, Germany

The burrowing nematode Radopholus similis causes the so-called toppling disease to
banana plants and is a major problem in banana producing areas worldwide. It was
recently shown that systemic resistance against R. similis can be induced, when the
root system of banana plants is colonized with specific stains of non-pathogenic, en-
dophytic Fusarium oxysporum. This offers a biological pest management alternative
to the use of highly toxic nematicides commonly used for nematode control. How-
ever, not all non-pathogenic oxysporum strains show the ability to elict this type of
systemic resistance in banana. One objective of our research is the early identification
of promising F. oxysporum strains by means of phylogenetic analysis, which can ac-
celerate the screening process for benefical isolates, by eliminating time consuming
screenhouse bioassay. Although F. oxysporum has been identified as elicitors of the
systemic induced resistance, the exact mechanism responsible for the induction is not
yet known. Therefore another research goal is to elucidate the exact mode of action
responsible for the induction of the systemic resistance in the banana plant on the
molecular level. Analysis of the in planta-accumulation of salicylic acid, jasmonic
acid, NPR1 and PR protein coding transcripts will serve as markers to determine
whether Induced Systemic Resistance (ISR) or Systemic Acquired Resistance (SAR)
are playing a role in the induced plant defense response and whether they are sim-
ilar to that found on model plant species. The output of this research must lead to
Improving the biological pest management of nematodes in banana cropping systems.

Keywords. Banana, biological pest management, endophyte, Fusarium oxysporum,
induced resistance, Radopholus similis
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In India, there is a long tradition to use leaves of medicinal plants in seed stores.
Even today, in rural India, dried leaves and leaf powders of medicinal plants are the
mainstay of the food grain storage protection system. Post harvest storage techniques
adopted by different ethnic races in India have been evaluated. It is a common prac-
tice to top up the storage areas with dried leaves of Pongamia pinnata, Capsicum
annuum and Azadirachta indica. These practices though often labour consuming,
replace synthetic pesticides. Approximately 240 Indian plant species are known to
have insecticidal properties. Thirty of these also show beneficial medicinal effects on
human and other veterinary animals. However, very few systematic research reports
exist on the evaluation of these plant species for their insecticidal properties against
stored grain insect pests.

Plant lipids from leaf surfaces are known to mediate the interaction between plants
and insect herbivores. It has been demonstrated that plant lipid extracts and individual
constituents enhance or deter insect feeding and oviposition.

Chloroform-methanol lipid extracts from leaves of fifty-five Indian medicinal plants
belonging to thirty-four plant families were screened for feeding deterrence, contact
toxicity and fumigant toxicity properties on Sitophilus oryzae. Lipid extracts from
five Indian medicinal plants showed feeding deterrent activities against S. oryzae at
a concentration of 1000 ppm and 1500 ppm. Of these five, three, namely Swertia
chirata, Myristica fragrans and Cuminum cyminum were found to be most active.
Bioactive compounds in those species are currently analysed and their mode of action
will be subjected to further studies.
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Induction of Resistanceto the Whitefly Trialeurodes vaporariorum
in Tomato by External Application of JA and BTH
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Induction of resistance in plants to herbivorous insects may supplement biological
control strategies relying on combinations of control measures. It is well known that
herbivore feeding and pathogen attack induce defense mechanisms in plants and that
the jasmonic acid (JA) and salicylic acid (SA) pathways are centrally involved in the
signaling cascade leading finally to temporary accumulation or activation of defense
compounds. Besides pest or pathogen attack, defense reactions can be enhanced by
the external application of JA and SA. Plant responses are species specific in terms of
plants and pests; hence plant responses vary with plant- pests systems. Former stud-
ies using application of JA and/or SA were mainly directed towards chewing insects.
We intend to study the effects of resistance induction in tomato towards Trialeurodes
vaporariorum (Westwood) using preference, development, and fecundity as main re-
sistance/suitability parameters. Treatments included different concentrations of JA,
Benzothiadiazole (BTH; an analogue to SA) and water as control. Plant reaction to
inducers was confirmed by measuring the activity of proteinase inhibitors and perox-
idase, well characterised enzymes responding to JA and SA pathway activation re-
spectively. In choice experiments, we found avoidance reaction of whitefly adults for
inductor treated leaves of tomato plants when insects were released one or two days
after spraying. In order to study the development of whiteflies on treated plants in
comparison to control plants, we investigated oviposition intensity and development
of subsequent larval, late larval (pupal), to adult stages. When plants were treated with
JA and BTH before egg deposition, 75-80 % of eggs developed to adults’ stage in all
cases. On the other hand, when plants were treated one week after egg deposition
and treatments were repeated after two weeks at larval stage, we found a significant
reduction in relative amount of eggs (compared to untreated control) that reached the
adult stage on both BTH and JA treated plants. Newly emerged females from different
treatments showed distinct differences in fecundity. Females from BTH treated plants
had significantly lower fecundity (5.25eggs female day!) compared to JA treated
(8.04) and control (8.22) plants. Yet the feeding intensity of early as well as late
Instarts larvae was not different among any treatments.
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Pea (Pisum sativum) is an important grain legume worldwide, used both as a source
of dietary protein for human and animal nutrition. The protein concentration of peas
ranges from 15.5 to 39.7 %. Its production, however, is affected by different pests and
diseases among which fungal diseases are the most important ones. A major objective
in breeding therefore is to improve the resistance of pea to fungal diseases which
can cause considerable loss of more than 30%. In addition, most phytopathogenic
fungi leave mycotoxin residues in the crop. In order to control fungal infections,
pea transgenic lines with enhanced resistance to fungal diseases through heterologous
expression of chitinase and glucanase genes have been established.

One way of enhancing or broadening resistance is to combine these transgenes ex-
pressing several resistance genes into a single line via conventional crossing. The aim
of this study was to enhance the resistance level of transgenic pea plants (expressing
chitinase and glucanase individually) against fungal diseases. The transgenic lines
expressing both chitinase and glucanase were characterised at the molecular level,
segregation and stability expression were analysed. Finally, the transgenic hybrids
will further be tested for their resistance against different phytopathogenic fungi fol-
lowing resistance assay procedures leading to the establishment of resistance assays.

To achieve the above objective, 24 out of 29 hybrid plants were grown in the F1
generation. Transgene detection was made by PCR using different primer combina-
tions (Chit 555 and Gluc 823). The results clearly showed the integration of chitinase
and glucanase genes in the crossed plants. Stability expression was confirmed in the
F2 where 182 F1 seeds were grown. Ninety-three plants were homozygous for our
genes. Mendelian segregation pattern (9:3:3:1) was observed. Activity assays were
performed and some of the crossed transgenic plants are showing an increased effect
In activity.

Keywords: Combined transgenes, expression stability, fungal resistance, pea
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Molecular Characterisation of Silicon-Induced Resistancein
Potato against Bacterial Wilt

DRITAN SADIKAJL, WOLFRAM WECKWERTH?, KERSTIN WYDRAl
1 eibnitz-University of Hannover, Institute of Plant Diseases and Plant Protection,
Germany
2Max Planck Institute of Molecular Plant Physiology, Germany

Bacterial wilt caused by Ralstonia solanacearum attacks more than 200 crop species,
among them important Solanaceae. The soilborne pathogen is widespread in tropical
and subtropical areas and causes devastating losses. Host plant resistance as a control
strategy has not been successful so far, either because germplasm resistance is not
stable or/and because of high genetic diversity within the R. solanacearum species
complex. Alternatively, integrated disease management is considered as a promis-
ing strategy to be exploited. We are studying the role of silicon (monosilicic acid)
amendment in the potato (Solanum tuberosum L.) x R. solanacearum interaction as a
potential element of such a strategy. We have previously shown by gene expression
profiling that silicon was able to induce defense-related genes and to subsequently
reduce disease incidence in tomato (Lycopersicon esculentum Mill).

Silicon application led to reduced disease incidence in two moderately resistant potato
genotypes, but not in a susceptible one. Our main focus is now referred to the ki-
netic of the phenylpropanoid metabolism in both roots and stems in a time frame
of 24-120 hours post inoculation. Phenylalanine ammonialyase (PAL) activity and
total soluble phenols are being measured in both plant organs. Recently, in collab-
oration with Max-Planck Institute for Molecular Plant Physiology (Golm, Potsdam,
Germany) we Initiated a metabolomic approach by using gas chromatography cou-
pled to mass spectrometry (GC-MS) in an attempt to correlate the profile of secondary
metabolites (phenylpropanoid metabolism) as well as other defense-related metabo-
lites to the resistance reaction of our pathosystem after induction through silicon ap-
plication. Preliminary results showed no role of silicon in PAL activity in inoculated
plants of a moderately resistant potato genotype. Additionally, we used three mon-
oclonal antibodies against pectic polysaccharides of the cell walls (JIM7 and JIM5,
recognising high and low esterification levels of homogalacturonan, respectively) and
arabinogalacatan proteins to study the involvement of the cell wall in the resistance
reaction. Preliminary results from these antibodies showed a relation between high
esterification level and arabinogalactan proteins with the level of resistance.

Keywor ds. Bacterial wilt, induced resistance, potato, Ralstonia solanacearum
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| nter active Effects of Host Genetic Background, Leaf Ageand
| solate on the Inducibility of Tomato for Resistanceto Late Blight,
Phytophthora infestans by Baba (DL -3-Aminobutyric Acid)

KALPANA SHARMA, MARIA RENATE FINCKH
University of Kassel, Department of Ecological Plant Protection, Germany

Exploitation of induced resistance (IR) is a desirable strategy in plant protection since
it involves enhancing natural defense mechanisms in plants. Despite the numerous
instances in which induced plant responses have been demonstrated, only little use is
made of these in crop protection so far. Before IR can be made use of in practice,
it is important to understand as much as possible regarding the ecology and genet-
ics of these inducing agents and their interactions with plants and pathogens. Effects
of host genetic background were tested with thirteen tomato varieties. Leaf disks of
plants that had been treated seven days before with BABA (DL-3-aminobutyric acid)
or water were inoculated with two isolates of P. infestans (20 ul sporangial solution
at 5x10% sporangia ml~1). Leaf age and isolate effects were tested using six isolates,
six varieties and three leaf ages. There was a significant variety by treatment interac-
tion with the degree of induction varying among varieties. Disease reductions through
BABA were not the same on varieties of the same level of susceptibility. The tomato
varieties, pathogen isolates, leaf ages and treatments significantly affected late blight
disease development with significant interactions among tomato varieties, pathogen
isolates, leaf age and treatments. These interactions indicate differing disease re-
sponses and resistance induction to tomato varieties by different isolates at different
leaf ages. Level of induction was not related to the degree of susceptibility of a variety
and the isolates used. The protection induced by BABA was significantly higher on
the youngest leaf in all combinations of tomato varieties and pathogen isolates than
on the other leaf ages.

Keywords. genetic variation, induced resistance, isolates effect, leaf age effect, Phy-
tophtera infestans, tomato cultivars
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Bio-Fertilisersand Plant Strengtheners can Reduce the
Susceptibility of Tomatoes to Phytophthora infestans

KALPANA SHARMAL, ELMAR SCHULTE-GELDERMANNZ, CHRISTIAN BRUNS?,
MARIA RENATE FINCKH?!
LUniversity of Kassel, Department of Ecological Plant Protection, Germany
2University of Kassel, Department of Organic Farming and Cropping, Germany

Late blight, caused by Phytophthora infestans is one of the most destructive disease of
tomatoes affecting organic and conventional tomato production worldwide. Exploita-
tion of induced resistance is a desirable strategy in plant protection since it involves
enhancing natural defense mechanisms in plants. Induction can be achieved via the
leaves or via the roots. Induced resistance through plant strengtheners could be part
of alternative strategies for the control of late blight of tomatoes. Organic fertilisers
stimulate soil microbial activity and through this may also have positive effects on the
host’s metabolism ultimately limiting plant infestation.

The main aim of this research was to determine if soil fertility management and plant
strengtheners interact in their effects on plant susceptibility. For this tomato plants
(cultivar Philovita) were grown with three bio-fertilisers: horn meal, Bioilsa fertile
and ILSA 12 with or without three plant strengtheners (Quality, Alfa-Alfa extract,
Meat extract) in a commercial type of set up in a plastic tunnel. Detached leaves of
adult plants were inoculated with 20 ul sporangial solution at 5 x 10* sporangia ml™
of one P. infestans isolate in the laboratory under controlled conditions two times dur-
ing the season. In additional experiments the plant strengthener Quality was tested
on young plants of various cultivars combined with various growth substrates. In
comparison to horn meal, the bio-fertilisers Bioilsa fertile and ILSA 12 and the plant
strengtheners significantly reduced late blight susceptibility. There were no interac-
tions and the effects were additive. Bioilsa fertile, Quality and Alfa-Alfa extract were
most effective in reducing late blight susceptibility. Quality reduced the susceptibility
of tomatoes independent of plant age, growth substrate or fertiliser used. Combining
plant strengtheners with organic soil fertilisers could become part of a strategy for
disease management.

Keywords: Alfa-Alfa extract, Bio-fertilisers, Bioilsa fertile, ILSA 12, induced resis-
tance, meat extract, Phytophthora infestans, plant strengtheners, quality, tomato
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Action of the Mycoherbicide Fusarium oxysporum F. sp. Strigae
‘foxy 2’ on Striga hermonthica: An Anatomical Study

NDAMBI BENINWECK ENDAH!, HELLER ANNEROSE?, ABULEGASIM ELZEIN?,
GEORG CADISCH!, MICHIEL DE MoL?
LUniversity of Hohenheim, Institute of of Plant Production and Agroecology in the Trop-
ics and Subtropics, Germany
2University of Hohenheim, Institute of Botany, Germany

Proper delivery and timely establishment of the potential biocontrol agent Fusarium
oxysporum f. sp. strigae “Foxy 2” in the appropriate infection zone of the root parasite
Striga hermonthica is necessary for ensuring a high biocontrol efficacy and facilitating
field application and integration. In this study, anatomical investigations using light
microscopy were performed to assess the pattern and extent of infection and colonisa-
tion of Striga by Foxy 2. When applied as seed coat, Foxy 2 was able to proliferate on
coated seeds and the fungal mycelia started slowly colonizing the roots of sorghum,
the potentail infection zone of Striga without damaging sorghum plants. Observations
of the sorghum roots-Striga seedlings interface showed that Striga was able to pen-
etrate and start to invade the central cylinder of its host sorghum to obtain access to
water and nutrients, but further development was stopped by Foxy 2. Hyphae of Foxy
2 invaded all tissues of the young Striga seedling (including the endophyte, the entire
hyaline tissue and xylem elements), 21 days after sowing the Foxy 2 coated sorghum
seeds. Hyphae were able to completely destroy Striga seedlings 26 days after sowing.
This proved the ability and aggressiveness of Foxy 2 against Striga and additionally
prevented some Striga emergence. For emerged Striga plants (above ground), both
longitudinal and cross sections showed a lot of hyphae masses in the xylem. Hyphae
had penetrated, proliferated and colonised vessels forming masses over long distances
and were identified even to the top of the shoots. Some vessels were blocked such that
no space larger than 1um could be seen between the hyphae in cross sections. This
caused clogging of shoots by hyphae and contributed to wilting and subsequent death
of Striga. The prevention of Striga emergence reduces its further seed production and
seed bank build up that may lead to improvements in crop yield in subsequent years.
These findings support the suitability and appropriateness of seed treatment for the
delivery and field application of the mycoherbicide.

Keywords: Anatomical studies, biocontrol, delivery system, Fusarium oxysporum,
light microscopy, seed treatment, sorghum root colonisation, Striga hermonthica
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Ozone Application for Controlling Seed-Borne Pathogen and
Insect in Rice cv. Khao Dawk Mali 105

NATTAWUT NIYOMKAM, SUCHADA VEARASILP, SA-NGUANSAK
THANAPORNPOONPONG, NATTASAK KRITTIGAMAS, SANGTIWA SURIYONG
Chiang Mai University, Department of Agronomy, Thailand

The purpose of ozone application was to determine and evaluate the efficiency of
ozone to control seed-borne fungi and insect in rice seed cv. Khao Dawk Mali
105. The percentage of seed-borne invasion was 87.50, mainly 69.63 percent was
Alternaria padwickii and 3.63 percent was Fusarium moniliforme. The moisture con-
ditioned rice seeds 11 and 18 percent were treated with 1.25 mgg™* rice seed h™* ozone
for 2, 4, 6 and 8 hrs. The result showed that the ozonation on wet seed (18 % moisture
content; MC) had more effective than on dry seed (11 % MC) in control seed-borne
fungi. The results in this experiment indicated that 1.25mg g™ rice seed/ hr ozonation
for 6 hr on the wet seed was the best condition for controlling seed-borne fungi in
rice seed. The percentage of infected seed was decreased to 26.39, the infection from
A. padwickii was decreased to 21.57 percent and from F. moniliforme was decreased
to 1.01 percent. The 8 hr of application time resulted the most efficacy to control
fungi such as, the percentage of infected seed decreased to 17.88 and 26.25 in the wet
and dry seeds, respectively. The percentages of A. padwickii infection were decreased
to 14.38 and 20.38 in the wet and dry seed, respectively. The F. moniliforme were
decreased to 1 and 0.63 percent in the wet and dry seed, respectively. Anyhow, the
ozonation time for 8 h significantly reduced seed qualities. Furthurmore, the efficacy
of ozone in controlling insect estimated by the percentage of Sitophilus oryzae mor-
tality at adult stage after ozone treatment with 1.25mg g rice seed h'! for 1, 2, 3 and
4 h showed that the increasing of ozonation time significantly increased their mortal-
ity. The duration of ozonation at the dose of 1.25mg g™ rice seedh™ for 3 h could
eradicate S. oryzae to 100 percent at adult stage.

Keywords. Insect damage, ozone, rice, seed-borne fungi
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Control of Seedborne Pathogen in Rice Seed by Coating with
Organic Substances

KANJANA SRIPRASERTY, SUCHADA VEARASILP?, SA-NGUANSAK
THANAPORNPOONPONG?, NATTASAK KRITTIGAMASZ, SANGTIWA SURIYONG?
LChiang Mai University, Postharvest Technology Institute, Thailand
2Chiang Mai University, Department of Agronomy, Thailand

Types and quantities of seed-borne fungi on rice seed cv. Khao Dawk Mali 105 were
assessed by using blotter method. Fusarium sp. and Curvularia sp. were found as
the main fungi 20.67 % and 2.25 %, respectively. Various concentrations and volumes
of non-ionic polyacrylamide (PAM) were applied to control seed-borne fungi on rice
seed. It was found that the speed of germination was increased to 15.10 seedling day ™
after treated with PAM at 1% wi/v and with the volume of 2 ml/25 g seed. The
increasing of PAM concentration reduced the speed of germination of coating rice
seed. However, coating seed with all PAM concentrations showed no significantly
effect on the germination percentage.

Combination of PAM (1% w/v, 2 ml/ 25 g seed) and clove and star anise essential oils
at different concentrations: 0.01, 0.03 and 0.05 % were applied to rice seed. Coating
seeds then subjected to their quality testing and their seed health evaluating. Treated
seed with PAM and various essential oils showed the promising results in inhibiting
seed borne fungi. The higher concentration of the coating substances, the better the
efficacy Aspergillus sp. and Nigrospora sp. were completely 100 % under control.
Nevertheless, compare to chemical treatment under captan application; captan showed
the best in controlling, followed by clove essential oil 0.05% and star anise essential
oil 0.05%. Seed qualities; speed of germination, germination percentages were not
affected by all treatments.

Clove and star anise crude extracts were investigated then, it showed their positive
tendency in seed borne fungi inhibition. Coating seed with all concentration of clove
and star anise crude extracts inhibited growth of Nigrospora sp. equal to 100 % inhibi-
tion. All concentration of star anise crude extract completely inhibited Aspergillus sp.
and Bipolaris sp. For seed qualities, the germination percentage of seed coated with
star anise crude extract at 0.05 % wi/v showed a high germeability, evenso for captan.
Seed coated with the crude extract of clove at 0.01 % w/v showed the highest value
of seedling growth rate with 6.2 mg seedling™ for 7 days; but, the germination speed
was slightly decreased.

Keywords. Coating, organic substances, PAM, rice, seed borne fungi
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Biochemical Characterisation and Resistance I nduction by
Bacterial Antagonists against Bacterial Wilt Caused by Ralstonia
solanacearum

HENOK KURABACHEW, KERSTIN WYDRA
Leibniz Universitat Hannover, Institute of Plant Disease and Plant Protection, Germany

A total of 150 rhizosphere bacterial strains were isolated from tomato and potato
rhizosphere soil and roots from Ethiopia. The strains were screened in vitro for their
antagonistic effect against the pathogen R. solanacearum on NGA agar medium using
the dual assay test. Of all the tested isolates fifteen were found to inhibit the pathogen;
among these four were selected for an ad planta experiment with two tomato va-
rieties: King Kong-2 and L390, moderately resistant and susceptible, respectively.
The antagonistic strains were characterised phenotypically and physiologically us-
ing the standard microbiological methods such as colony morphology, oxidase test,
catalase test, gram-reaction, gelatine liquidification, growth at different salt concen-
trations. Further characterisation of isolates, metabolic fingerprinting by C-source
utilisation using the Biolog microplates and fatty acid profiling was done. Thus se-
lected, promising strains suppressed wilt severity and incidence both in split root and
pot experiments and improved growth of the plant under glass house conditions, in-
dicating the potential for resistance induction and for growth promotion, respectively.
Bacterial numbers of R. solanacearum in midstems of genotype King Kong-2 were
found to be lower than in the susceptible tomato genotype L390 in antagonist treated
plant. The strains were further characterised for plant growth promoting activity such
as siderophore, indole acetic acid and hydrogen cyanide production and phosphate
solubilisation capacity. The alteration of the cell wall structure after infection and
inoculation of the plant with antagonistic bacteria was investigated by immuno-flu-
orescent microscopy. To confirm the rhizobacteria-induced systemic resistance, en-
zymatic assays and quantitative real time PCR are being performed to quantify the
level of expression of target enzymes involved in resistance signaling pathways in the
plant.

Keywords. Indole acetic acid, induced resistance, Ralstonia solanacearum, rhizo-
sphere bacteria, siderophore, split-root test
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Evaluation of Allelopathic Effects of Fenugreek Extract on
Germination and Growth of Some Crop and Weed Species

GOLSOOMEH Az1z11, ASIEH SIAH-MARGUEE!L, LEILA ALIMORADI, ATEFEH
KESHAVARZI?
LFerdowsi University of Mashhad, Department of Agronomy, Iran
2Gorgan University, Faculty of Soil Science, Soil Science, Iran

Allelopathy refers to the beneficial or harmful effects of one plant on another plant
through the release of chemicals from plant parts by leaching, root exudation, volatil-
Isation, residue decomposition and other processes in both natural and agricultural
systems. Allelochemical concentrations in the producer plant may also vary over
time and is produced in the plant tissue.

In order to study the effects of different organ extracts of fenugreek (Trigonella gracum)
on germination of some crops and weeds an experiment was conducted as a com-
pletely randomised design with 3 replications at the Ferdowsi University of Mashhad,
Iran. Factors included 4 crops: soybean (Glysine max), sesame (Sesamum indicum)
pigweed (Amaranthus retroflexus) and velvetleaf (Abotilon teophrasti) and the extract
of different Fenugreek organs (leaf, stem, seed, pod and total organs were applied at
4 levels: check, 4, 8, 32 and 64 g powder I distilled water.

The results showed that the reactions of the crops and the weeds depended on the
concentrations of the different organ extracts. Fenugreek extract not only reduced
seedling growth of different species, but also inhibited seed germination. Negative
and significant correlation was observed between the germination percentage and dif-
ferent concentrations of Fenugreek organs. A minimum regression slope could be
obtained for the stem extract. Root and shoot length showed also a negative and sig-
nificant correlation with the Fenugreek extract concentrations for all crops except for
soybean. In general, velvetleaf was the most sensitive for fenugreek allelochemical.
Alternatively, application of allelopathic compounds before, together, or after the ap-
plication of synthetic herbicides could increase the overall effect of both materials. In
this way, application rates of synthetic herbicides could be reduced.

Keywords. Allelopathy, fenugreek, Trigonella gracum, soybean, Glysine max, pig-
weed, Amaranthus retroflexus, sesame, Sesamus indicum, velvetleaf, Abotilon teophrasti
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Effect of Aqueous Extract of Rice Cultivars Residue on the
Germination and Seedling Growth of Four Weed Species

REzZA MIRZAEI TALARPOSHTI
Shahid Beheshti University, Environmental Sciences Research Institute, Agroecology,
Iran

This study investigated the allelopathic effects of residue aqueous extracts of rice cul-
tivars at harvest on germination, shoot and root length and seedling growth of four
weed species (Amaranthus retroflexus; Avena fatua; Rapistrum rogusom; Sinapsis
arvensis). The experiment was conducted in a factorial design with completely ran-
domised arrangement in four replications under laboratory conditions. Treatments
were five rice cultivars residue (Tarom, Fajr, Neda, Behnam, Tarom-e-Hashemi) and
different concentration of aqueous extracts of these cultivars residues (0, 10, 25, 50
and 100%). Rice cultivars residue was gathered at farm and the material was then
dried and grounded (0.5 mm). Aqueous extracts of these materials were prepared in
different concentrations and used in petri dishes containing 25 seeds of the weeds.
After ten days, percentage and rate of germination, and hypocotyls and radicle length
and dry weight of seedlings were measured. All agueous extracts significantly inhib-
ited seed germination and seedling growth of weeds when compared with distilled
water. Increasing the aqueous extract concentrations of rice residue (50, 100 %) sig-
nificantly inhibited germination, seedling length and weight of weeds. Three cultivars
of rice (Fajr, Neda, Tarom) significantly reduced germination, shoot and root length,
dry weight of weeds. Two cultivars of rice (Trom-e-Hashemi, Behnam) showed least
allelopathic effect against these weeds. Between weed species the highest seed ger-
mination, radicle and hypocotyls length was observed in Avena fatua; Rapistrum ro-
gusom and in contrast, Amaranthus retroflexus; Sinapsis arvensis had lowest of these
parameters. As a result, rice residue had allelopathic potential and can be used to
weed management at farm.
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The Impact of Common Dry Bean (Phaseolus vulgaris) Planting
Dates and Densities on Weed Growth Characteristics

ZEINAB AVARSEJI, MOHAMMAD HASAN RASHED MOHASSEL, AHMAD NEZAMI
Ferdowsi University of Mashhad, College of Agriculture, Department of Agronomy, Iran

Common bean (Phaseolus vulgaris) is one of the most susceptible plants to herbi-
cides. Environmental concern increased the necessity of using non chemical weed
control strategies against weeds in common bean. Planting dates and crop densities
are two important cultural practices in growing beans. Appropriate planting date and
crop density could reduce weed dry matter and increases crop competition abilities.
A field experiment was conducted in Ferdowsi University of Mashhad, College of
Agriculture Experimental Station at 2006 in order to study the effectiveness of dif-
ferent planting dates and crop densities on weed growth characteristics. Experiment
was arranged as an split plot based on a completely randomised blocks design , with
3 replications in which the main plots were planting dates (April 25" - May 10™ -
May 241} and the sub plots were different plant densities (10-20-30plantm?). The
results indicated that different planting dates and crop densities had significant re-
duction in weed biomass and decreasing weed growth rate. The minimum weed dry
matter and growth rate was observed in planting date of April, 25" compare to other
planting dates. However in this treatment the crop biomass and the crop growth rate
were high. The maximum yield, dry matter and crop growth rate of common bean
were obtained in crop density of 30 plantsm?. Whereas, the least amount of weed
growth rate and weed dry matter obtained in 30 plantsm?. The minimum weed dry
matter and weed growth rate and maximum crop growth rate, yield and biomass was
obtained in treatment of 30 plants m? and planting dates of April 251",
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Towards Eradication of the Parasitic Weed Striga on M aize Farms
in Western Kenya

GosPEL OLUOCH OMANYA, FRANCIS NANGAYO, HODEBA JACOB MIGNOUNA,
MPOKO BOKANGA
African Agricultural Technology Foundation, Seed Stewardship Unit, Kenya

The parasitic weed, Striga hermonthica, stifles maize growth on over 200,000 hectares
of farmland in western Kenya regions. The damage by Striga weed is endemic in
western Kenya and regularly results in 20-100% loss of maize crop, often leaving
resource-limited smallholder farmers in hunger and despair. Striga’s deleterious im-
pact on maize is inflicted through the weed’s withdrawal of nutrients and water from
the maize roots. Over the decades, it has been difficult to eradicate Striga on infested
maize farms, particularly due to the weed’s prolific seed production and long viabil-
ity in the soil of up to 20 years. Fortunately, collaborative work by BASF company,
International Maize and Wheat Improvement Center (CIMMYT) and the Kenya Agri-
cultural Research Institute (KARI) culminated in development of unique herbicide-re-
sistant maize varieties that literally kill Striga weed on Maize farms. To enable access
to maize varieties with this breakthrough technology, the African Agricultural Tech-
nology Foundation (AATF), BASF, CIMMYT, seed companies and rural community
based organisations have collaborated to facilitate wide-scale on-farm demonstration
and public awareness of the technology, commercialisation and seed stewardship, to
ensure long term sustainability and responsible use of the herbicide-resistant maize
technology, which is also known commercially in Kenya as Strigaway Maize. In
the last three years, this technology has enabled up six-fold increase of maize pro-
ductivity under farmers’ management in western Kenya, from a paltry grain yield of
500 kg ha=! to over 3000 kg ha=?. In addition there has been marked Striga seed bank
reduction, and it is envisaged that repeated use of this variety over several cropping
seasons may actually reduce, if not eliminate, Striga seeds in the soil to insignificant
levels. Further, farmers who had previously abandoned some of their farmland due to
high levels of Striga weed infestation are now cultivating maize on these lands once
again. In light of this background, this paper illuminates the achievements and lessons
from participatory variety assessment work with Strigaway Maize technology in tar-
get districts over the last three years towards better maize harvests in Striga-infested
farmlands and improved rural livelihoods in western Kenya.

Keywords. Parasitic weed, rural livelihoods, stewardship, Striga hermonthica, Strig-
away maize, maize
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Parthenium Phyllody in Ethiopia: Epidemiology and Host Range
of Phytoplasmswithin Important Crops Cultivated in Ethiopia

JULIA JANKEL, THOMAS HENNIGERL, MARTINA BANDTE!, CHRISTIAN
ULRICHS?, TAYE TESSEMA3, SUSANNE VON BARGEN!, CARMEN BUTTNER!?
1Humboldt-Universitat zu Berlin, Institute for Horticultural Sciences, Phytomedicine,
Germany
2Humboldt-Universitat zu Berlin, Institute for Horticultural Sciences, Urban Horticul-
ture, Germany
3Plant Protection Research Center, Weed Science, Ethiopia

Parthenium hysterophorus is an annual weed originating from Central America. It
was introduced to Ethiopia in the 1980ies and became the major invasive weed in
both arable and grazing lands, due to its competitiveness and adaptability to different
climates and soils. In Ethiopia a disease caused by phytoplasmas was commonly ob-
served in Parthenium (up to 75 % field incidence). Diseased plants are characterised
by excessive branching (witches” broom), reduced plant height and leaf size, and mod-
ification of floral structures into leaf-like structures that lead to sterility (phyllody).
More than 700 plant diseases are associated with phytoplasmas. In order to test
whether Parthenium plants harbor phytoplasmas, which may also infect important
agricultural crops in Ethiopia, weeds and cultivated plants showing phyllody symp-
toms were collected. Furthermore, planthoppers that are supposed to serve as po-
tential vector insects were captured from phyllody diseased Parthenium plants and
transmission studies were carried out by use of leafhoppers. Phytoplasma infection
was assessed by polymerase chain reaction (PCR) and the PCR products were further
characterised by sequencing allowing species identification of the pathogens.

DNA fragments specific for phytoplasmas could be detected in P. hysterophorus as
well as in important crops in Ethiopia, e.g. groundnut, sesame, and grass pea. The
phytoplasmas belong to the Peanut witches” broom (16 Srll) group and can be trans-
mitted by the leafhoppers Orosius cellulosus native to Ethiopia. Moreover, it could
be shown that nymphs as well as adult planthoppers of the genus Hilda (family Tet-
tigometridae) collected from phyllody diseased Parthenium can acquire these phyto-
plasmas. This suggests that Parthenium represents a pathogen reservoir for the phyto-
plasmas affecting agricultural crops in the country. Since phytoplasma infections can
lead to sterility of the inflorescences, severe losses in yield of agricultural crops could
be expected. Thus, control of Parthenium and putative vectors transmitting phyllody
disease is important.

Keywords. Ethiopia, invasive weeds, Parthenium hysterophorus, phyllody, phyto-
plasma
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Effect of Plant Diversity and Nutrient Resource on Weed
Composition and Density in Different Cropping Systems

GOLSOOMEH Azizl, ALIREZA KOOCHEKI, MEHDI NASSIRI MAHALLATI
Ferdowsi University of Mashhad, Department of Agronomy, Iran

In order to investigate the effects of plant diversity and nutrient resource on weed
composition, density and dry matter in different cropping systems, an experiment was
conducted as split plot based on complete randomised block design with 3 replications
at the agricultural research station, Ferdowsi University of Mashhad, Iran, during
2006 and 2007. Treatments included manure and chemical fertilisers in main plots and
intercropping of 3 soybean varieties (Wiliams, Sahar and Gorgan3), intercropping of 3
millet species (common millet, foxtail millet and pearl millet), intercropping of millet,
soybean, sesame (Sesamum indicum) and intercropping of millet, sesame, fenugreek
(Trigonella foenum-graecum), ajowan (Trachyspermum ammi) in sub plots. Result
indicated that nutrient resource affected weed dry matter and density. Weed dry matter
and density was respectively, 1.3 and 1.8 folds higher in chemical fertiliser compared
to manure in first year. In the second year, weed dry matter in manure and chemical
fertilisers was 173.2 and 300.2 gm~2 and weed density was 98.6 and 84.9 plants
per m—2. With increasing crop diversity, weed dry matter and density decreased and
intercropping systems had the lowest weed dry matter. Crop species affected weed dry
matter in monocultures. There was a negative correlation between diversity and weed
dry matter. In the first year Shannon diversity index was highest in sesame and ajowan
monocultures (0.75 and 0.72, respectively). Different intercropping systems had the
lowest Shannon index. In the second year, Shannon index was highest in soybean
(Sahar variety) monoculture (0.72) and 3 Millet species intercropping (0.71). more
researches on the effects of crop diversity on weed population is needed in mixtures.

Keywords: Intercropping, shannon index, species diversity, weeds
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Optimal Herbicide Application Rate for Pueraria Fallow
Recalmation: Effectson Vine Growth, Soil Cover and Weed
Suppression

JELLE DUINDAM, STEFAN HAUSER
International Institute of Tropical Agriculture (11ITA), Agronomy, Cameroon

Demographic growth in combination with increased prices of food imports demand an
increased output of local agricultural systems in the humid forest zone of Cameroon.
Leguminous fallow systems based on Pueraria phaseoloides (tropical kudzu) are a
promising technology to intensify land use in the traditional slash and burn fallow
systems by speeding up fertility restoration in the fallow period. Reclaiming the
fallowed land by direct planting into an undisturbed mulch layer is labour efficient
and has other advantages, including prolonged arable weed suppression and soil ero-
sion protection. Herbicide treatment could be an appropriate technology to control
P. phaseoloides in commercial food crop fields where labour is scarce. However, the
dosage of herbicide needs to be balanced between effectively delaying recovery of
P. phaseoloides without killing the cover crop. Objective of this study was to find
the optimal pre-planting herbicide application rate reducing early competition for re-
sources and crop damage caused by climbing vines, but avoiding the loss of benefits
of in-situ mulch production. An experiment was set up in a 3-year-old P. phaseoloides
dominated fallow where soil cover and vine growth were monitored after Glyphosate
was applied at a rate of 0, 360, 720, 1440 and 2880 g ha™’. None of the treatments was
lethal. P. phaseoloides climbing activities were effectively delayed for 29 days by the
720 and 1440 g ha'! treatments followed by a 81 days delay by the 2880 g ha! treat-
ment. The 360 g ha'! treatment did not postpone P. phaseoloides regrowth compared
to the control although it reduced the initial growth rate considerably. Weed cover was
low in all treatments resulting in no significant difference over all treatments in weed
biomass at 123 days after treatment. Interestingly, also the dry weight of litter layer
did not show differences over the treatments, suggesting that in-situ litter production
in the control treatment may have been compensated by a higher decomposition rate
under the standing crop. Overall, these results show the potential of a single herbicide
application of 720 g ha! to create a closed semi-live mulch layer suitable for direct
planting of maize crops with zero pre-planting labour requirements.

Keywords: Glyphosate, improved fallow, kudzu, pueraria
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Hydrogen Cyanide Production Ability by Pseudomonas
fluorescence Bacteria and their I nhibition Potential on Weed
Germination

SHIRIN HEYDARIY, PARVIZ REZVANI-MOGHADAM?!, MEHDI ARAB?
LFerdowsi University, Department of Agronomy, Iran
2Tehran University, Agronomy, Iran

This research was undertaken to isolate and purificate indigenous Pseudomonas spp.,
to evaluate its ability in hydrogen cyanide synthesis and also to evaluate the poten-
tial of super-strains on seedling growth inhibition of weeds. The research was car-
ried out in laboratory tests. 136 strains (obtained from rhizosphere soil of 62 weed
species) and 27 strains of Pseudomonas fluorescence were sub-cultured, purified and
refreshed. Then these strains were evaluated for the capability in cyanide synthesis
and at last 4 super-strains of cyanogenic Pseudomonas were selected and used in fur-
ther experiments. The effects of these strains on stem length, root length and stem
length/root length rate in rye, wild barley, and wheat were evaluated in three differ-
ent in vitro tests examining the effects of gas and liquid metabolites produced by the
bacteria.

The results showed that the abundance and probability of the bacteria isolation was
low (about 3.6 %). About 37 % of Pseudomonas were capable of HCN production
and this capacity was different among the strains. Gas metabolites reduced more than
90 % of root and shoot growth in weeds. These gas metabolites had larger inhibitory
effects than other metabolites on plants. However, these influences were different in
every bacteria treatment. Also wheat had less growth reduction if compared to weeds,
indicating that the bacteria are probably plant specific.

In conclusion, the results proved that cyanogenic P. fluorescence had the potential
of biological weed control. However, further studies on its application under natural
conditions like greenhouse and field conditions, seem to be necessary.

Keywords. Biological weed control, growth inhibition, hydrogen cyanide, Pseu-
domonas spp., weeds
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L ooking for a Sustainable Strategy in Parthenium Weed
M anagement and Sustainable Resource Availability for Small
Holder Farmersin Moisture Stress Parts of Ethiopia

HAILU ARAYAL, KARL STAHRZ, MITIKU HAILE3
Linstitute for Sustainable Development (ISD), Sustainable Community Development,
Ethiopia
2University of Hohenheim, Institute for Soil Science and Land Evaluation, Germany
3Mekelle University, Ethiopia

The main objective of this study is to assess the socio-economic influence and poten-
tial importance of Parthenium through compost making in northern Ethiopia.
Parthenium weed became dominant in the country after the 1984/5 Great Ethiopian
Famine, introduced through food aid. Previously it was observed only in the eastern
part of the country following the main roads to the ports of Assaba and Djibouti. But
now it became beyond the control of the smallholder farmers and the government.
Since the 1990s, it has become a serious problem for farmers because of its dom-
inance in crop fields and grazing land. The Alamata lowland is one of the highest
affected parts of the country. Still it is one of the high livestock and high crop produc-
tion areas of Tigray region. But animal products are highly affected due to animals
graze during dry season. In addition to this it is taking over large areas of grazing land
and cultivated fields. The local communities and the local administration are trying
to control the weed, especially clearing it before it flowers. There have been Parthe-
nium eradication campaign programs mainly by uprooting and burning, but it is still
spreading.

Now smallholder farmers are using it for compost making. At the pragmatic level,
the experiment has been successful in showing that compost can be prepared, par-
ticularly if animal manure and urine and some other biomass materials and soil are
incorporated in its preparation. Germination tests on the compost also showed that
the Parthenium seeds did not remain viable. Compost made of Parthenium and its
plant samples were collected and analysed in laboratory for the macronutrients of EC,
OM and NPK. The result revealed that the macronutrient of the plant and the compost
Is very impressive, and controlling this invasive alien weed through making and us-
ing compost from cultivated and grazing lands. It will also help farmers access more
biomass, who otherwise do not get enough biomass for making compost.

Keywords: Compost, Parthenium, smallholder, soil fertility
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Evaluation of the Effects of the Fallow / Forage-Barley and
Sugar beet / Forage-Barley Rotations on Density and Distribution
of Weeds

ASIEH SIAH-MARGUEE, MOHAMMAD HASAN RASHED MOHASSEL,
MOHAMMAD BANNAYAN, MEHDI NASSIRI MAHALLATI, LEILA ALIMORADI,
GOLSOOMEH AzZI1zI

Ferdowsi University of Mashhad, Department of Agronomy, Iran

In order to evaluate the effects of the pre-culture fallow or sugarbeet on density and
distribution of different species of weeds in a forage-barley field, a study was executed
at the Mashhad Experimental Station of the Ferdowsi University in 2003. Rotations
of fallow / forage-barley and sugarbeet / forage-barley are conventional management
systems. Samples were taken from the corners of the 7m*7 m grids using 0.5m*0.5m
size quadrates at three development stages (pre-application of herbicide, post-appli-
cation of herbicide and pre-harvesting).

The results indicated that the density of annual weeds in the sugarbeet / barley rota-
tion was higher than in the fallow / barley rotation. However, the density of perennial
weeds was higher in the fallow / barley rotation then in the sugarbeet / barley rotation.
Mapping of the species distribution and their density confirmed the patchiness of the
weed distribution. The shape and size of the patches differed between field and weed
species, but spatial distribution did not change considerably before and after appli-
cation of herbicide. Percentage of free weed areas was 11.5% and 1.5% in fallow
/ barley rotation and 0.6 % and 0% in sugarbeet / barley rotation in first and second
sampling stage respectively. These results indicate the inefficacy of sugarbeet as pre-
culture as compared to fallow with regard to weed density in a forage-barley field.
The evaluation of crop rotation management practices with special attention to weed
dispersal within the field, is able to identify appropriate management strategies of
high efficacy and profit for the farmer as well as to reduce crop damage.

Keywords. Forage barley, patchiness distribution, site specific management, weed
management, crop rotation
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Allelopathy as an Alternative M ethod for Weed Control in Saffron
Fields: A Suitable Approach to Sustainable Agriculture
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LFerdowsi University of Mashhad, Department of Agronomy, Iran

2Gorgan University, Faculty of Soil Science, Soil Science, Iran

Allelopathy, the chemical mechanism of plant interference, can affect many aspects
of plant ecology including plant occurrence, growth, succession, structure plant com-
munity, dominance, diversity, and plant productivity. An allelopathic plant can po-
tentially be used to control weeds. In a rotational sequence, when an allelopathic
plant is left as a residue or mulch, especially in low-till systems, could control subse-
quent weed growth. Allelopathy is characterised by a reduction in plant emergence or
growth, reducing their performance in the association. To study the effect of saffron
(Crocus sativus L.) extract on germination of Rapistrum rogosum and Gypsophilla
pillosa, an experiment was conducted in a completely randomised design with 3 repli-
cations at Ferdowsi University of Mashhad, Iran. Treatments included the extract of
saffron seeds and leaves at 5 levels (check, 0.5, 1, 1.5, and 2 %). Results indicated that
seed extract did not affect germination percentage significantly, but seed germination
was affected by different concentrations of leaf extract. With increasing concentra-
tion of leaf and seed extract decreased the rate of germination, shoot length, root
length and seedling dry weight of Rapistrum rogosum and Gypsophilla pillosa. On
the whole, Rapistrum rogosum was more tolerance than Gypsophilla pillosa and root
length was more sensitive then shoots length to saffron extract. From a holistic poit of
view, research potential and use of allelopathy in an agroecosystem is very wide. The
richness of agricultural techniques, crop rotation, cover cropping, and related prac-
tices allow researchers to evaluate and make use of allelopathic chemicals for weed
management in agricultural systems.

Keywords. Allelopathy, biological control, saffron, weeds
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Effect of Plant Diversity and Nutrient Resource on Weed
Composition and Density in Different Cropping Systems

GOLSOOMEH Azizl, ALIREZA KOOCHEKI, PARVIZ REZVANI-MOGHADAM,
MEHDI NASSIRI MAHALLATI, LEILA ALIMORADI, ASIEH SIAH-MARGUEE
Ferdowsi University of Mashhad, Department of Agronomy, Iran

In order to investigate the effects of plant diversity and nutrient resource on weed
composition, density and dry matter in different cropping systems, an experiment was
conducted as split plot based on complete randomised block design with 3 replications
at the agricultural research station, Ferdowsi University of Mashhad, Iran, during
2006 and 2007. Treatments included manure and chemical fertilisers in main plots and
intercropping of 3 soybean varieties (Wiliams, Sahar and Gorgan3), intercropping of 3
millet species (common millet, foxtail millet and pearl millet), intercropping of millet,
soybean, sesame (Sesamum indicum) and intercropping of millet, sesame, fenugreek
(Trigonella foenumgraecum), and ajowan (Trachyspermum ammi) in sub plots.
Results indicated that nutrient resource affected weed dry matter and weed density.
In the first year of the experiment, chemical fertilisers resulted in a 1.3 and 1.8 folds
higher weed dry matter and the weed density, respectively if compared to manureap-
plication. In the second year, weed dry matter on manure fields and with chemical
fertilisers was 173.2 and 300.2 g m™ and weed density was 98.6 and 84.9 plants per
m-2, respectively.

With increasing crop diversity, weed dry matter and density decreased and intercrop-
ping systems had the lowest weed dry matter. Crop species affected weed dry matter
In monocultures. There was a negative correlation between diversity and weed dry
matter. In the first year Shannon diversity index was highest in sesame and Ajowan
monocultures (0.75 and 0.72, respectively). Different intercropping systems had the
lowest Shannon index. In the second year, Shannon index was highest in soybean
(Sahar variety) monoculture (0.72) and 3 Millet species intercropping (0.71). more
researches on the effects of crop diversity on weed population is needed in mixtures.
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