
F. Bavec et al.: Alternative field crops such as organic niche products; 
review of research and developmental activities in Slovenia 

 

 383 

ALTERNATIVE FIELD CROPS SUCH AS ORGANIC  
NICHE PRODUCTS   

REVIEW OF RESEARCH AND DEVELOPMENTAL 
ACTIVITIES IN SLOVENIA 

 
ALTERNATIVNI POLJSKI USJEVI KAO EKOLOŠKI PROIZVODI 

PREGLED ISTRAŽIVAČKIH I RAZVOJNIH AKTIVNOSTI U 
SLOVENIJI 

 
F. Bavec, S. Grobelnik Mlakar, M. Turinek, M. Fekonja,  

M. Žuljan, M. Bavec 
 

ABSTRACT 
 Introduction, production and marketing in alternative (underutilized, 
neglected, disregarded, rare) crops is a very complex system, but very helpful for 
producers and consumers. Based on eighteen years of Slovenian experiences 
since establishment of certification of organic agriculture, research on under-
utilized field crops and publisi materials we can conclude that many additional 
activities are needed to establishing an effective production system and market for 
underutilized field crops. Primari, high by efficient organic production must 
follow professional knowledge of production, guidelines for organic production 
and post harvest technology including food processing. Special attention must be 
paid to production of introduced species in the region. For example, our research 
project on four oil crops grown under dry conditions, including greenhouse 
experiments is a contribution to how to include less sensitive crops into rotation 
systems because of climate changes. Activities such as expansion of the 
knowledge on organic products, and especially about nutritional and health value 
of crops are very important. Organizing projects why and how to use this kind of 
food  in the kindergartens, schools, old people’s homes and hospitals shows 
promising results, especially when the culinary presentation includes explanation 
of beneficial effects on  human health. On the other side the useful research is 
obligatory; for example an explanation how to prepare tasty and highly essential 
amino-acid valued bread made from grain amaranth and whole meal spelt. Also 
the models for decission support are developed, but due to the lack of  data, their 
use is not often in accordance with the needs in practice. 
 Key words: organic farming, marketing, alternative crops, underutilized 
crops, knowledge 
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SAŽETAK 

 Uvođenje, proizvodnja i prodaja alternativnih (zapostavljenih) usjeva je vrlo 
složen, ali i vrlo koristan proces za proizvođača i za potrošača. Na temelju 
osamnaestogodišnjeg slovenskog iskustva od pokretanja i certificiranja 
ekološke poljoprivrede, istraživanja malo korištenih poljskih usjeva i 
publiciranih radova možemo zaključiti da su potrebne još mnoge dodatne 
aktivnosti kako bi se uspostavio efikasan proizvodni sistem i tržište za 
nedovoljno korištene poljske usjeve. Visoko učinkovita ekološka proizvodnja 
treba se temeljiti na stručnom znanju o tehnologiji proizvodnje, stručnim 
uputama, te tehnologijama spremanja i prerade uroda nakon žetve. Posebnu 
pažnju traži proizvodni sistem za svaku novouvedenu vrstu usjeva u određenom 
uzgojnom području. Npr. naš projekt istraživanja uzgoja četiriju uljarica u 
uvjetima suše, uključujući pokuse u stakleniku, prilog je uključivanju u 
proizvodnju manje osjetljivih usjeva – vezano uz klimatske promjene. Od 
posebne je važnosti širenje znanja o ekološkoj proizvodnji, posebno o 
nutritivnoj i zdravstvenoj vrijednosti takvih proizvoda. Projekti s ciljem 
uključivanja ekoloških proizvoda u dječje vrtiće, škole, staračke domove i 
bolnice dali su obećavajuće rezultate, posebno ako su kulinarske prezentacije 
bile praćene isticanjem pozitivnog učinka na zdravlje. S druge strane neophodna 
su korisna istraživanja, npr. kako načiniti hranidbeno visokovrijedan (bogat 
esencijalnim aminokiselinama) i ukusan kruh od štira i cjelovitog brašna 
krupnika (T. spelta). Također, razvijen je model podrške u donošenju odluke, no 
zbog nedostatka podataka, njegovo korištenje nije u skladu s potrebama u 
praksi.   

 Ključne riječi: ekološka poljoprivreda, prodaja, alternativni usjevi, 
nedovoljno korišteni usjevi, znanje. 
 
 Intensive agriculture evidently reduces fields biodiversity including the 
number of utilized crops and in consequence reduces natural health and 
nutritional compounds in the food. Underutilized crops are rich natural 
resources of essential amino acids, antioxidants, minerals, stimulators and other 
usable compounds, which are often limited to products from just a few main 
crops produced all over the world. Production of underutilized crops will help to  
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increase resistance to plant diseases, predators, helping us to produce food 
without synthetic pesticides (Bavec and Bavec, 2006 c2007). In this case, 
organic production of underutilized field crops represents a very important 
option for environmentally acceptable crop production and niche for special 
'organic' products. The sale of this kind of products is of special interest to small 
scale farms because it is a better solution compared to producing and selling 
cheaper products on global markets. But in this case the consumers, advisers 
and farmers need professional knowledge about  preferences of underutilized 
crops, production characteristics, clear guidelines for organic production, post 
harvest technology, food processing including product certification and clear 
marketing strategies. Also support by educational, research and govermental 
institutions should be in accordance with these needs. Every specific possibility 
and activities of each country can influence consumer-producer relationships 
and effective marketing by specific or/and niche products based on 
underutilized crops (Williams and Hag, 2002).  
 
INTRODUCTION AND USE OF UNDERUTILIZED FIELD CROPS   
 Edible underutilized field crops encompass cereals and pseudocereals 
including millets, pulse crops, root and tuber crops, oil seed crops and dyes, 
some of which (including fiber crops) are usable for creating new market niches 
based on small scale production and processing. Furthermore, some of them are 
also suitable for industrial processing. Depending on country, some of these 
plants are indigenous, based on spread of secondary diversity and completely 
new, sometimes exotic. Understanding and use of underutilized crops is based 
mainly on tradition and their specific growth circumstances. Most of 
underutilized crops are unknown to a great percentage, especially in the field of 
food processing (Belton and Taylor, 2002)  and use in temperate climate (Bavec 
and Bavec, 2006 c2007). For example in Slovenia temperate climate dominates, 
just a small part is mediteranian. For that reason tropic crops should be 
introduced into temperate climate with special attention to growth period in less 
than 160 frost days such as for genotypes of sweet corn (Zea mays L. var. 
saccharata), batata (Ipomea batata L.) and other tropical tuber crops, specific 
genotypes of grain amaranths (Amaranthus sp.), quinoa (Chenopodium quinoa 
L.),   groundnut (Arachis hypogea L.), vignas (Vigna ssp.), etc. The next factor 
is a system of reproduction based on plant parts growth in greenhouse 
conditions during winter time like in batata. Spelt (Triticum aestivum L. ssp. 
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spelta MacKey),  well adopted to the temperate climate was forgotten and 
introduced into crop rotations in every organic farm with field crop production 
during the last decade. Other farro group cereals such as einkorn (Triticum 
monocccum L.), emmer (Triticum dicoccum L.), etc. Have been introduced into 
organic farming just like sample crops on few farms. Buckwheat (Fagopyrum 
esculentum L.), millet (Panicum milliaceum L.) and oil seed pumpkins 
(Cucurbita pepo L. Group Pepo) were traditional, but neglected utill the last 
decade when their production started to increase. The group of alternative oil 
crops such as false flax (Camelina sativa L.), saflower (Carthamus tinctorius 
L.), garden poppy ( Papaver somniferum L. ssp. somniferum Kadereit)  are 
being researched and considered for eventual introduction into crop rotations. 
We are also looking for  some legumes and the group of millets from Africa -  
potential crops for dry conditions (Bavec and Bavec, 2006 c2007).  

 Knowledge about food health and nutritional attributes based on 
underutilized crops  is very useful for promotion, decision support for producers 
and for motivation of consumers for buying products. Special attention needs to 
be given to antioxidants in food (tokoferols in oil crops, squalen in grain 
amaranths, anthocyanins in sweet potato, etc.), rich amino acid composition 
(grain amaranths, quinoa, partly buckwheat, partly legumes, etc.), gluten free 
foods for people with celiac sickness (buckwheat, grain amaranth, quinoa, 
millets), quality fiber food (whole grained spelt and other cereals), food rich in 
minerals, vitamins or their good balance, etc.  Many of them are used in 
pharmacy and alternative medicine, like oil seed pumpkins (Zuhair, et al. 2000), 
buckwheat (De Francishi et al. 1994; Li and Zhang, 2001; Krkoškova and 
Mrazova, 2005), amaranths (Rangajaran et al., 1998, Prokopowicz, 2001), etc.  

 

RULES FOR ORGANIC FOOD PRODUCTION 
 The same standards are used everywhere for certified organic foods where 
organic farming legislation or standard based on IFOAM or Codex 
Alimentarius. Organic food contains organically produced ingredients, which is 
evident from certificates of organic production or processing. There are strict 
rules for labels and advertising of organic products in many countries.  
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 Food products can be marketed as 'organic' and carry relevant label(s), if a 
certificate has been issued for them by an authorized control organization. The 
key rules evident on certificate are as follows:  

• That documents about production system are present in accordance with 
Regulation (EEC) No. 2092/91 (and after 1st January 2009 in accordance with 
EC No 834/2007). In general organic farming system does not allow the use 
of synthetic chemicals such as fertilizers, herbicides, fungicides, additives, 
growth regulators, or gene manipulation of any organism that is a part of food 
production or processing, in accordance with the principles of health, ecology, 
fairness and care described by (IFOAM, 2005) 7 and their multifunctionality 
of sociological environmental impacts.  

•  The food product or its gradients were not submitted to ionic radiation. 

•  The food product contains at least 95% of organically produced agricultural 
or non agricutural origin listed in Annexes (EEC)  2092/91 or further EC 
834/2007. 

•  Processing needs to be strictly under control. 

 In the new legislation EC 834/2007 special attention and rules will be paid 
to contamination of organic food with GMOs'. 

 
POTENTIAL CONTRIBUTION OF ORGANIC FARMING TO THE CON-
SERVATION OF UNDERUTILIZED CROPS AND THEIR UTILIZATION 
DEVELOPMENT 
 Traditional cropping systems of undeveloped countries contain numerous 
genotypes of domesticated crop species, as well as their wild relatives. The 
richness of  plant biodiversity of traditional agroecosystems is comparable with 
natural systems. It is a reason why underutilized crops have to play a greater 
role in organic farming. Underutilized crops bring diversity into crop rotations 
and provide new possibilities for soil cultivation. Organic farming, which is 
based on traditional farming systems, offers a way of promoting diversity of 
diet, minimization of risk, reduced insect and disease incidence, efficient use of 
labour, intensification of production with acceptable resources, maximization of 
returns (Pažek et al., 2005) and stability under responsible technologies. 
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Production of underutilized crops helps local communities to be more 
independent, use the local resources for production and reduce transport 
expenses. A similar pathway might also be used for organically produced 
underutilized crops (Dixon et al., 2007). The use of underutilized field crops has 
resulted in product competitiveness, rich nutritional and health value of food, 
tradition, locality, special quality according to organic production quidelines 
and even market attraction. The health and nutritional by rich products, 
especially if they are produced according to organic farming guidelines, 
represent a special niche in the market of the developed world. Even non GMO 
food and food produced without chemicals is becoming very important in 
human diet.  

 
PRESENT SITUATION AND NEEDS FOR FURTHER RESEARCH  

 Some crops have been forgotten over time due to economic or religious 
influences. If the trend continues, it will be a great loss for nations, especially 
for researchers, farmers and consumers. But nowadays underutilized plants  are 
still very imporrtant in human and animal diet, some also have a special place in 
medicine. However, in spite of an extensive care for gene banks the erosion of 
underutilized crops is increasing.  

 In case of Slovenia there have been many national and international 
activities in this field, starting with national study programs, international 
summer schools Alternatives for ecological (organic) field crops production, 
developmental project CHANNEL  and food safety - COMBAT projects, e-
learning Ecologica, etc. Also the lack of specific research in some underutilized 
crops and interactions by production systems, type of soil, photosynthesis, crop 
protection or even efficient food processing was found (Bavec and Bavec, 2006 
c2007). In some cases there is no clear influence of decreasing populations of 
pollinated insects on yielding.   

 In Slovenia production systems of few underutilized crops were described 
(Bavec, 2000) and studied like spelt (Bavec et al. 2006a), buckwheat (Bavec et 
al., 2002a, Bavec et al., 2006b), oil pumpkins (Bavec et al., 2002b; Rozman et 
al., 2002; Bavec et al., 2007a), camelina, batata, grain amaranths (Bavec and 
Grobelnik, 2002; Grobelnik et al., 2004), hemp, garden poppy, flax, etc. The 
research on food processing and cost effectiveness in six alternative products 
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has finished. Last year the project on photosynthesis under different soil water 
regimes in oil crops such as false flax, safflower, oil pumpkins and garden 
poppy started.  

 In the framework of a national research project on grain amaranth we also 
conducted some studies on the use of composite flour containing grain amaranth 
for bread making purposes (Grobelnik Mlakar et al. 2007a,b; Grobelnik Mlakar 
et al. 2008a,b). Amaranth flour substitution for cereals in blends for bread 
making is limited because amaranth seeds, as a pseudo cereal, do not contain 
gluten (Thompson, 2001), and have a distinct flavour, described as spicy, 
slightly pungent with bitter aftertaste (Saunders and Becker, 1984). In 
mentioned studies the influence of basic flour (wheat and spelt of different 
milling fractions) and amaranth wholemeal flour substitution level (0, 10, 20, 
30%) on rheological properties, baking performance and sensory attributes of 
bread was investigated. All used flours were produced and processed in 
accordance with the Council Regulation (2092/91) for Organic farming. The 
number of studies on usage of amaranth containing composite flour is rather 
limited, and among them there are only some reports on its rheological, baking 
properties and bread sensory characteristics (Lorenz, 1981; Breene, 1991; Ayo, 
2001). However, studies carried out so far have concentrated only on wheat and 
virtually no research has been reported on composite spelt-amaranth flour.  

 In the resume of the study, in the part where spelt wholemeal flour as a 
basic flour was used, we could conclude that maximum viscosity of tested 
suspensions was not influenced by amaranth addition, initial gelatinisation 
temperature of suspension was lowered, while maximum gelatinisation 
temperature gradually increased with amaranth substitution level. Increasing the 
level of amaranth flour in the blends increased water absorption and farinograph 
quality number mainly by increased development time and stability of dough. 
The energy of the dough increased with amaranth flour addition up to 20%, 
mainly by increasing the resistance to extension and maximum resistance, and 
decreasing the extensibility. Bread making performance was determined by 
quality parameters as weight, volume, specific volume of the loaf, and hedonic 
sensory evaluation (scored from 1-unacceptable to 10-excellent). Considering 
the results, the incorporation of amaranth into the spelt dough had a positive 
effect on the colour of the loaf, to a certain extent on the flavour, and on the 
volume and specific volume at 10% of substitution. Texture, aroma and overall 
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acceptability of bread were not influenced by amaranth flour replacement. 
Therefore, according to obtained results, up to 10% of the wholemeal spelt flour 
in a formulation could be replaced by wholemeal amaranth flour with no 
detrimental effect on bread quality.  

 Special attention should be devoted to organic farm management and 
decision support. The decision support for operating an organic farm is crucial, 
especially, in the case of long term decisions. Recent applications by Pažek et 
al. (2006) and Rozman et al. (2006) suggest the use of technologic economic 
simulation models in combination with multi criteria decision analysis 
implemented through system DEXi (Bohanec et al., 2000) and analytical 
hierarchical processes.  The presented approach is viable mainly for selection of 
farm business alternatives in organic farming. The decision making at sector 
level (policy decision making) on the other hand requires more complex 
methodologies such as econometric or sector modeling or alternatively system 
dynamic modeling (Rozman et al., 2007). The ongoing development of organic 
farming requires even more complex methods of decision analysis and 
modeling. Future research should be emphasized in the field of organic product 
marketing and organic product market development. 

 
STRATEGIES FOR MARKETING 
 Different practices are known for the development of marketing organic 
products, starting with sales on farm, green markets, and national and 
international market chains. The next step in case of Slovenia was “Bio-party 
service” established by the local Association of Organic Farmers. The system of 
marketing the products is complete food catering with intention to serve special 
food for banquets, celebrations and other special events. They serve drinks, 
fruits and different type of dishes based on traditional food and specially 
underutilized crops.  

 One of the aims of the project „Healthy food and recreation for health 
strengthening and protecting“ was to araise awareness among people employed 
in public institutions about the importance of food quality depending on  
production methods (organic – conventional) for the most sensitive population 
such as children, patients and elder by people. During the years 2006 and 2007 
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several seminars were organized for different groups of interested people from 
kindergartens and schools, public health services, etc.  

 Although the share of organic products in private households is growing, 
organic products are often the exception and not the rule in kindergarten or 
school canteens in Slovenia. Comparison with the situation in several European 
countries showed, that e. g. in Austria in the region of Styria in some product 
groups (milk, meat, fruit and vegetables) organic food had reached over 50 
percent share in public kitchens which was the result of 5 years project work of 
the Austrian association of organic farmers (Bavec, 2007b). The change to 
organic food in France started under the slogan “Eat locally, eat organic” and 
increase of meals with organic ingredients from 400,000 meals in 2000 to 4.5 
million meals was observed in school canteens in 2006. Increasing number of 
obese and wrongly fed children were the main reasons for implementing a new 
programme “Food for life” in Great Britain. The aim is to use 50 percent of 
regional and 30 percent of organic food in 3,600 school canteens. There are 
some of them using up to 60 percent of organic products. In Italy they serve for 
kids over 1 million meals a day with organic ingredients (Kreuzer, 2008).  

 Based on the knowledge that quality of food is dependent on agricultural 
production methods, a new research project was started in 2007. Differences 
among organic, integrated and conventional production systems (including 
genetically manipulated organisms) and their influence on food quality are not 
investigated sufficiently. The aim of this research project is the evaluation of 
different agricultural production methods on food quality parameters.  
Comparison of internal quality parameters of selected vegetable and field crops 
in different agricultural systems is based on three years of field experiments. 
Beside yield and yield components investigations are focused on determining 
internal substances which have health promoting properties: vitamins, minerals 
and bioactive phenolic secondary metabolites (especially antioxidants) and in 
sensory evaluation (Bavec, 2007c). Pesticide residues can be found in food 
although there is an inspection system for food safety and reference values in 
food have to be obtained. Consumption of organically grown food is often 
perceived to reduce risk by reducing pesticide residues (Williams and Hammit, 
2001). It is not allowed to use synthetical pesticides and light soluble mineral 
fertilizers in organic production (Bavec and Bavec, 2006 c2007). A recent study 
of 110 urban and suburban children found measurable levels of organo-
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phosphorus pesticide metabolites in the urine of all children sampled, except for 
one child whose parents reported buying exclusively organic food (Lu et al., 
2001). Comparing the traces of on organophosphate metabolite in the urine of 
preschool children in Seattle (USA) eating organic vs. conventional produce 
showed 9 times higher DMTP averaged values in children eating a conventional 
diet (Curl et al., 2003). The knowledge on different risks connected to the food 
is ever increasing.  

 Among several goals of an Action Plan for the Development of Organic 
Farming in Slovenia by 2015, which has been adopted by the Government of 
the Republic of Slovenia in November 2005, are also: 

(i) increasing supply of organic food from local production,  

(ii) increasing organic food consumption in public institutions (kindergartens, 
schools, hospitals, etc.) and  

(iii) stimulating short supply chains of organic food (APOF, 2006).    

 Based on all these facts different activities from the local to the state level 
are going on. One of them is the initiative of the members of a working group 
for food and hygiene in Slovene kindergartens to obligatory include organic 
products in food for children. This demand was submitted to several ministries 
(for health, education and agriculture, food and fisheries). On the local level 
they have started to force their food suppliers to include some organic products 
in to supply, too. 
 

CONCLUSIONS 
 In case of underutilized field crops we can conclude that considerable 
multidisciplinary knowledge and activities are needed to understand this kind of 
potential for established niche markets. Especially the introduction of organic 
production and processing of underutilized crops into the world-wide developed 
market is a very complex process with many barriers. The basic rule is that an 
assessment of production potential and their economic bench-mark is needed. 
However, an assessment of marketing potential depends on previous interest of 
producers and consumers for specific niche products. Therefore in this case the 
main condition and solution we should strive for is targeted education. 
 



F. Bavec et al.: Alternative field crops such as organic niche products; 
review of research and developmental activities in Slovenia 

 

 393 

REFERENCES 
1. APOF. 2006. Action Plan for Development of Organic Farming in Slovenia by 

2015, Government of the Republic of Slovenia, 72 p. 
2. Ayo J.A. 2001. The effect of amaranth grain flour on the quality of bread. Int. 

Jour. Food Prop. 4:341-351. 
3. Bavec F. 2000. Some disregarded and/or new field crops (Slovene). University of 

Maribor. Maribor  
4. Bavec F. and Grobelnik Mlakar S. 2002. Effects of soil and climatic conditions 

on emergence of grain amaranths. Eur. J. Agron. 2002:93-103. 
5. Bavec F., Pušnik S. and Rajčan I. 2002a. Yield performance of two buckwheat 

genotypes grown as a full-season and stubble-crop. Rostl. Výroba. 48:351-355.  
6. Bavec F., Gril S., Grobelnik Mlakar S. and Bavec M. 2002b. Production of 

pumpkin for oil. In: J. Janick and A. Whipkey (eds.) Trends in new crops and 
new uses. ASHS Press. Alexandria     

7. Bavec F., Rantaša J., Grobelnik Mlakar S., Jakop M. and Bavec M. 2006a. Yield 
performance in spelt regarding to hulled and dehulled seeds sown at different 
rates and dates. IX ESA Congress, Warszawa, 4-7 September. Book of Proc. 
Frag. Agron. 11:43-44. 

8. Bavec M., Bavec F., Plazovnik C. and Grobelnim Mlakar S. 2006b. Buckwheat 
leaf area index and yield performance depending on plant population under full-
season and stubble-crop growing periods. Bodenkultur. 56:3-10. 

9. Bavec F. and  Bavec M. 2006(c2007). Organic production and use of alternative 
crops. Taylor & Francis: CRC Press; Boca Raton, New York, London  

10. Bavec F., Grobelnik Mlakar S., Rozman Č. and Bavec M. 2007a. Oil pumpkins: 
a nice crop for quality organically grown products. 185-189. In: J. Janick and A. 
Whipkey (Eds.) Creating markets for economic development of new crops and 
new uses. ASHS Press. Alexandria.   

11. Bavec M. 2007b. Ekološka živila - pomen kakovosti živil v prehrani občutljivih 
skupin prebivalcev in kako jih prepoznamo. Posvet  ob svetovnem Dnevu zemlje 
"Ekološka živila v kuhinjah obratov javne prehrane, Mariboru, Slovenia. 20 
March  Maribor  

12. Bavec M. 2007c. The quality of food dependent on agricultural production 
method. Project. University of Maribor, Faculty of agriculture, Maribor, 
Slovenia, 17 p.  



F. Bavec et al.: Alternative field crops such as organic niche products; 
review of research and developmental activities in Slovenia 

 

 394

13. Belton P and Taylor J. (Eds.). 2002. Pseudocereals and less common cereals. 
Springer-Verlag, Berlin, Germany 

14. Bohanec M., Zupan B. and Rajkovič V. 2000. Applications of qualitative multi-
attribute decision models in health care. Int.  jour.  medic. informat. 58-59:191-
205. 

15. Breene, W. M. 1991. Food uses of grain amaranth. Cereal Foods World. 36:426-
429 

16. Codex Alimentarius <http://www.codexalimentarius.net/web/index_en.jsp>, 
Acessed February 2008. 

17. ECC 2092/91. <http://www.agriculture.gov.ie/organics/rules/Reg2092-91.pdf>, 
Accessed December 2007. 

18. EC No 83472007 - <http://www://eur-lex.europa/LexUriServ/>, Acessed 
February 2008. 

19. Ecologica. Online learning in organic farming. 2007. 
<http://www.ecologica.net>, Accessed Februray 2008. 

20. CHANNEL- Opening Channels of Communication between the Associated 
Candidate Countries and the EU in Ecological Farming. 2006. Channel 6 
framework programme FOOD-CT-2004-003375. <http://www.channel.uni-
corvinus.hu>, Accessed August 2007. 

21. Curl L.C., Fenske A.R. and Elgethun K. 2003. Organophosphorus Pesticide 
Exposure of Urban and Suburban Preschool Children with Organic and 
Conventional Diets. Environ. Health Perspect., 111: 377-382.  

22. De Francischi M. L., Salgado J.M. and Da Costa C.P. 1994. Immulogical 
analysis of serum for buckwheat fed celiac patients. Plants. Foods Hum. Nutr. 
46:207-211. 

23. Dixon J., Hellin J., Erestein O. and Kosina P. 2007. U-imapct pathway for 
diagnosis and impact  assessment of crop improvement. J. Agric. Sci. 
145:195.206. 

24. Grobelnik Mlakar S., Golob S., Ivančič M., Bavec P. and Jakop M. 2004. Sowing 
date, plant population and nitrogen effects on grain amaranth (Amaranthus 
cruentus L.) Proc. European Society for Agronomy. Copenhagen, Denmark July 
847-848. 

25. Grobelnik Mlakar S., Turinek M., Tašner L., Jakop M., Bavec M. and Bavec F. 
2007a. Organically produced grain amaranth-wheat composite flours: I. 



F. Bavec et al.: Alternative field crops such as organic niche products; 
review of research and developmental activities in Slovenia 

 

 395 

Rheological properties of dough. Proc. of 4th International Congress Flour – 
Bread '07. Opatija, Croatia 24-27 October. (in press). 

26. Grobelnik Mlakar S., Turinek M., Tašner L., Jakop M., Bavec M. and Bavec F. 
2007b. Organically produced grain amaranth-wheat composite flours: I. Bread 
quality. Proc. of 4th International Congress Flour – Bread '07. Opatija, Croatia 24-
27 October (in press). 

27. Grobelnik Mlakar S., Turinek M., Fekonja M., Bavec M. and Bavec F. 2008a. 
Organically produced grain amaranth-spelt composite flours: I. Rheological 
properties of dough. Proc. of 3rd International Symposium on Agriculture 2008. 
Opatija, Croatia 18-21 February (in press). 

28. Grobelnik Mlakar S., Turinek M., Jakop M., Bavec M. and Bavec F. 2008b. 
Organically produced grain amaranth-spelt composite flours: II. Bread quality. 
Proc. of 3rd International Symposium on Agriculture 2008. Opatija, Croatia 18-21 
February (in press).  

29. Krkoškova B. and Mrazova Z. 2005. Prophylactic components of buckwheat. 
Food Res. Int. 38:561-568. 

30. Kreuzer K. 2008. Schools and canteens going organic. BioFach, Nurnberg. 64-
66. 

31. Li S. Q. and Zhang Q.H. 2001. Advances in the development of functional foods 
from buckwheat. Crit. Rev. Food Sci. Nutr. 41:451-459. 

32. Lorenz K. 1981. Amaranthus hypochondriacus – Characteristics of the starch and 
baking potential of the flour. Staerke. 33:149-153 

33. Lu C., Knutson L., Fisker D.E., Andersen J. and Fenske R.A. 2001. Biological 
monitoring survey of organopohosphorus pesticide exposure among preschool 
children in the Seattle metropolitan area. Environ. Health Perspect. 109:299-303. 

34. Pažek K., Rozman Č., Turk J., Bavec M., Pavlovič M. 2005. Ein 
Simulationsmodell für Investitionsanalyse der Nahrungsmittelverarbeitung auf 
ökologischen Betrieben in Slowenien. Bodenkultur. 56:121-131.  

35. Pažek K., Rozman Č., Borec A., Turk J., Majkovič D., Bavec M., Bavec F. 2006. 
The Use of multi criteria models for decision support on organic farms. Biol. 
Agric. Hortic. 24:73-89. 

36. Prokopowicz D. 2001. Health promoting attributes of amaranthus (Amaranthus 
cruentus). Met. Vet.  57: 559-561. 

37. Rangarajan A., Chenoweth E.A., Kelly J.F. and Age K. M. 1998. Iron 
bioavaillability from amaranthus species: 2 Evaluation using hemoglobin 
repletition in anemic rats. J. Sci. Food Agric. 78: 274-280. 



F. Bavec et al.: Alternative field crops such as organic niche products; 
review of research and developmental activities in Slovenia 

 

 396

38. Rozman Č., Jakop M., Turk J. and Bavec F. 2002. Application of farm 
management techniques in case of oil pumpkin production (Slovene). Sodob. 
kmet., 35:91-96. 

39. Rozman Č., Pažek K., Bavec M., Bavec F., Turk J. and Majkovič D. 2006. The 
Multi-criteria analysis of spelt food processing alternatives on small organic 
farms. J. Sustain. Agric. 28: 159-179.  

40. Rozman, Č., Škraba A., Kljajič M., Pažek K., Bavec M. and Bavec F. 2007. The 
system dynamics model for development of organic agriculture. Abstr. Book 
Eighth International Conference on Computing Anticipatory Systems - 
CASYS'07. Liege, Belgium 6-11August  1.p. 

41. Saunders R. M. and Becker R. 1984. Amaranthus: A Potential Food and Feed 
Resource. V: Advances in Cereal Science and Technology, vol. VI. American 
Association of Cereal Chemists, INC. Minnesota: 357-397. 

42. Zuhair H. A. 2000. Pumpkin-seed oilmodulates the effect of felodipine and 
captopril in spontaneouusly hypertensive rats. Pharmacol. Res. 41: 555-561. 

43. Thompson T. 2001. Case problem: Question regarding the acceptability of 
buckwheat, amaranth, quinoa, and outs from a patient with celiac disease. Jour. 
of the American Dietetic Assoc. 101:586-587. 

44. Williams P.R.D. and Hammit J.K. 2001. Perceived risks of conventional and 
organic produce: pesticides, pathogens and natural toxins. Soc. Risk Anal. 
21:319-330. 

45. Williams J.T. and Hag N. 2002. Global research on underutilized crops. An 
assement of current activities and proposals for enhanced cooperation. ICUC. 
Sauthhampton, UK, 46 p. 
<http://www.biodiversityinternational.org/Publications>. 

 
 
Author's addresses – Adrese autora:  Received  - Primljeno: 
 
F. Bavec, S. Grobelnik Mlakar, M. Turinek,  May 27, 2008 
M. Fekonja, M. Žuljan and M. Bavec 
University of Maribor, Faculty of Agriculture,  
Department of Organic Farming, Field Crops, Ornamental Plants and 
Vegetable. 
Vrbanska 30,  
2000 Maribor, Slovenia 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ([Based on 'High Quality bleed'] [Based on '[High Quality Print]'] Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


