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In 2018 the minor crops group at AU Flakkebjerg carried out 69 field and greenhouse trials. These trials 
were distributed over 25 trials in vegetables, 12 trials in fruit and berries, 12 trials in garden seeds and 5 
trials in nurseries and at golf courses. In addition, there were 12 greenhouse trials (mainly ornamentals) 
and 3 insecticide trials in agricultural crops, which also belong to the group’s activities. 

The group’s activities are especially characterised by comprising many different crops but also all the 
common subjects within crop protection, that is to say control of weeds, diseases and pests as well as 
growth regulation. It is also against this background that there are many different stakeholders behind 
the trials, which are broadly financed by various agricultural tax funds, GUDP, agrochemical companies 
and various private trial partners. The Swedish minor use project under LRF has also been a major client 
and collaborator in the past few years.

The range of traditional chemical crop protection products has for several years become smaller and 
smaller, and this development seems especially evident in the minor crops. Although Denmark is  
located in the North Zone together with areawise large countries like Sweden and Finland (and the 
Baltic States), agricultural production is small, and the market for crop protection products for minor 
crops is not of that much interest for the agrochemical companies. Therefore, we often see that if a 
product does not also have an agricultural use/authorisation that ensures a certain sale, then there is a 
major risk that it will disappear from the market. In other cases, it is also often seen that products on 
re-registration only keep the agricultural authorisation for products previously used in both agricultural 
and minor crops. 

Because of this development, the group’s activities have become increasingly characterised by the grow-
ing interest in products with a microbiological or another alternative effect - an interest shared by the  
industry and certain companies. There is also a great interest in products which have an effect on pests 
but which are not registered as crop protection products. This includes products on the Basic substances 
list but also for instance fertilisers or so-called plant enhancers. Within weed control there is an aware-
ness that the times when chemistry could handle everything are over and that it is necessary to supple-
ment with other forms of weed control. 

However, the testing of chemical solutions is still the major activity in the trial unit, and a summary of 
the most important activities is presented below.

Weed control in vegetables in 2018
The trials in weed control in vegetables were mostly a continuation of the trials from the previous year’s 
trials with minor changes in the previous study plans. The majority of the weed control trials in 2018 
were again carried out for the Swedish minor use project under LRF. Especially the Swedish onion and 
carrot growers have been badly affected by the changes in the range of herbicides. As some within the in-
dustry will know, the loss of Stomp and Totril has been a theme in the trials for some years. But whereas 
we in Denmark still have access to Stomp, and whereas Totril has been replaced by Xinca (bromoxynil), 
the situation in Sweden is different as Stomp probably will not get an authorisation again, and at the 
same time it is very uncertain whether there will be any bromoxynil products in the EU at all. Further-
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more, the dose rate of Fenix has been severely reduced so that a maximum of 0.9 litre per hectare is 
permitted, which is considerably less than the dose rate previously permitted for use to especially the 
carrot and parsnip growers. 

The Danish activities concerning weed control in vegetables have mainly been concentrated in the GUDP 
project HORTPROTECT including work with direct sowing and strip tillage in onion, beetroot and cab-
bage. Another element in the project is testing of row-differentiated weed control, that is to say different 
weed control within the row (intra-row) and in the space between the rows (inter-row). The testing in-
cludes a dual band sprayer allowing intra-row spraying with a selective herbicide and at the same time 
making a shielded inter-row spraying.

Weed control in garden seeds in 2018
Denmark’s status as the world’s largest producer and exporter of spinach seeds is a contributing factor 
for the industry to be continuously on the lookout for new herbicides or ways of controlling weeds. 
Another contributing factor is that there is still an ongoing search for a replacement for Asulox, which is 
a key herbicide in spinach growing. Besides a number of trials in spinach, weed trials in 2018 were also 
carried out in pak choi and cress for seed production. 

Herbicide screening trials using a ‘small plot’ sprayer in onions, carrots and spinach in 
2018
A specially designed sprayer for ‘small plots’ allows us to screen a great number of different herbicides 
in a relatively small area. The area of each plot is usually 1 m2 and it is a very efficient way of screening 
for potential herbicides that could be used in the future in traditional field trials. A number of test her-
bicides were used in three different crops: onions, carrots and spinach. Interestingly, none of the tested 
herbicides were causing any considerable damage on onions when applied before emergence of the on-
ions. The post-emergence applications of a number of different test herbicides showed no or very little 
damage to the onions, even though they are known to cause some phytotoxic symptoms. This could be 
explained by onions having an extraordinarily thick wax layer this year due to warm and sunny weather 
conditions, and the results should be interpreted taking this into account. 

Herbicide strategy trial in parsnips in Peppinge, Sweden. The trial area was dominated by hairy night-
shade, Solanum physalifolium. The field trial in Sweden indicated fluroxypyr to control the hairy night-
shade effectively. However, fluroxypyr causes also much damage to the parsnips, and the use of precise 
timing, dose rates and/or split strategies is often a way of using the existing herbicides safely and ef-
ficiently in weed control in vegetables.   
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The pre-emergence applications of the test herbicides in carrots and spinach showed almost no damage 
either, while the post-emergence application of a great number of test herbicides showed great damage. 
The herbicides that caused the least phytotoxic damage will be evaluated and possibly included in the 
traditional field trials for further testing. 

Alternatives to diquat 
The EU Commission has decided not to renew the approval of diquat based on concerns related to the 
exposure of bystanders, residents and birds. Member states will need to withdraw authorisations for 
products containing diquat by 4 May 2019 at the latest. There will then be a grace period - the length of 
which is to be decided by each member state - to allow use-up of the products, which itself must expire 
by 4 February 2020 at the latest. Diquat is widely used in minor crops for weed control and as a desic-
cant before harvest. Diquat is used as pre-emergence of the crop treatment in a number of seeded vege-
tables and as a shielded band (inter-row) application in plant nurseries, Christmas trees, berries, pome 
trees and berry bushes. Diquat is also widely used as a desiccant in vegetable seed production. 

Herbicide screening trials using ‘small plots’ - an efficient way of screening for potential herbicides that 
could be used in the future in traditional field trials.
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A number of plant protection products have properties similar to diquat, including products with the 
active substance pelargonic acid. Pelargonic acid is approved in Denmark, but due to high production 
costs and the Danish pesticide fee it becomes very expensive and therefore it is doubtful if it can become 
an alternative to diquat in practice. It is worth mentioning that pelargonic acid is in a very unfavourable 
situation in the Danish pesticide fee system as the pesticide fee is partially calculated based on the rate 
of active substance per hectare. The target dose rate of pelargonic acid is often around 10 kg of active 
substance per hectare, depending on use, and it is considerably higher than most of the active substance 
rates in plant protection products. 

Christmas trees - alternatives to glyphosate
Denmark is the leading exporter of Christmas trees in Europe. Germany and France are the two largest 
export markets accounting for more than 50% of the Danish Christmas tree export. Some importers 
in both countries have expressed a demand for ‘glyphosate-free’ Christmas trees, and as the future of  
glyphosate in plant protection in the EU is uncertain, the Danish Christmas tree Association’s research 
fund has granted a project to look for alternatives to glyphosate.

Glyphosate is a very important active compound in Christmas tree production and is used in 5 different 
GAPs in Christmas tree production including spring and autumn applications (over the trees before and 
after bud burst, respectively), and as shielded application after bud burst. Three trials at different loca-
tions on Zealand and Funen were initiated in the autumn of 2018 to evaluate some alternative products 
as an autumn application after new growth has hardened off. The efficacy results from the early weed 
control assessments look very promising so far, but the trials are not terminated and the selectivity as-
sessments are to be assessed in the spring of 2019.

Further trials are being planned for spring application over trees before bud burst and as shielded ap-
plications in order to evaluate the efficacy and selectivity of the alternatives to glyphosate. 

Control of fungal diseases in vegetables in 2018
A number of fungicide trials were carried out for agrochemical companies, while the grower organisa-
tion’s  main priority has been to find an alternative to Acrobat for control of onion downy mildew. This 
product has for a number of years been the leading fungicide for control of this disease, which - when 
untreated - can develop at epidemic speed, but the company has withdrawn the product from the Danish 
market. The attempts at finding alternatives have been going on for some years, but since 2016 the trials 
have been carried out at Flakkebjerg with artificial inoculation. Even though this trial method has so far 
proved a good way of ensuring the presence of the wanted pest in the trials, the growing season 2018 
was very dry and warm, and the artificial inoculation failed to induce downy mildew in the onion trial. 

Control of fungal diseases in spinach in 2018
As mentioned above, Denmark is the world’s largest producer and exporter of spinach seeds, and the 
area will in the coming season exceed 12,000 hectares. Weeds are a major challenge in spinach growing, 
but the humid Danish climate may also cause problems with fungal diseases in some years. To be able 
to export seeds to the whole world, seeds must be of the absolutely best quality, and therefore the fungal 
diseases must be  controlled in order to protect the seeds against infection, but of course also to ensure 
yield. So far, many have used a control strategy with a relatively high input of pyraclostrobin and bosca-
lid; this is unfortunate because this practice increases the risk that the fungi develop resistance to these 
substances. Therefore, there is a major need to develop strategies with other active substances, and this 
trial work, which is expected to last some years, began in 2016 with a single trial and was continued in 
2017 and 2018 with 3 trials each year. As the season was very warm and dry, unfortunately almost no 
diseases were observed in the field trials, and the trials are going to be repeated next year.  
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Plant protection trials in greenhouse cultures 
The trials with plant growth regulators in greenhouse cultures in 2017 continued in 2018. A number of 
trials were carried out in the Swedish minor use project. Cycocel has for many years been extensively 
used for growth inhibition of ornamentals in many countries. However, there is uncertainty concerning 
the future of the product, and in Sweden there is much to suggest that it will not be re-registered for agri-
cultural use, and that it will therefore no longer be a possibility for use in ornamentals either. In 2016 
trials were carried out in 5 different vigorously growing ornamentals, and these trials were repeated in 
2017. The results from screening trials in 2016 and 2017 were analysed and 4 new trials were carried out 
in 2018. Various growth regulation products were tested with rather different results. Some substances 
work well in one culture but result in damage or have no growth regulatory effect in other cultures. There 
is also a difference as to whether the products are being drenched at the beginning of the culture period 
or whether they are being applied by spraying.

Alternative plant protection products for disease and insect control in pot plants and 
carrots 
A part of GUDP HORTPROTECT project included some trials for optimisation of alternative plant pro-
tection products in a greenhouse and in open field vegetables. Greenhouse trials were set up with mildew 
in potted roses as well as with Fusarium in potted cyclamen and thrips in strawberries and chrysanthe-
mum. A field trial with Sclerotinia in carrots was carried out as well. 

Generally, the tested alternative products showed lower disease control compared to the reference che-
mical fungicides, suggesting that they cannot really replace the chemical fungicides. It is, however, ex-
pected that the alternative products could be used preventively and be included in Integrated Pest Ma-
nagement with the conventional fungicides.

In the trial with potted roses, the treatment with products  AgriColle + Borregaard PK showed the high-
est disease control of mildew (up to 60-70% efficacy), which was identified as the most outstanding 
among the tested alternative products. 


