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Chapter 5: Agronomic Strategies 
 
General Introduction 
 
Agronomic techniques can be used as part of an overall integrated approach to late blight 
management. Some lead to an earlier start to tuber bulking and/or increase the rate so that an 
acceptable marketable yield is achieved before the disease results in death of the crop or deliberate 
defoliation by the grower to avoid infection of tubers. Others may affect the crop�s susceptibility to 
disease or the rate at which the disease progresses because of effects on the microclimate within the 
crop canopy or have fungicidal effects (alternatives to copper-based fungicides are of particular 
interest in this respect). Development of effective agronomic strategies requires optimization and 
integration of a range of cultural methods with potential to affect crop infection with late blight which 
include: 
 
Potato volunteer (groundkeeper) removal strategies; fertility management strategies (position in the 
rotation relative to the fertility building grass/clover crop phase; use of animal manures and 
manipulation of N:K ratios prior to planting); planting date and seed tuber chitting (pre-sprouting); 
plant configuration & spacing;  irrigation regimes; defoliation strategies; foliar sprays and microbial 
soil inocula programmes. 
 
Potato volunteer (groundkeeper) removal strategies: In areas with mild winters, potato 
volunteers (especially those emerging within potato fields - but also those emerging in neighbouring, 
non-potato crops) are an important primary inoculum source of P. infestans. Unfortunately, in organic 
production systems mechanical weed control and hand- weeding between potato crops is usually 
insufficient to reduce populations of potato volunteers to minimise the risk. A different approach is to 
put pigs onto land after the potato harvest as they are known to dig up and eat even relatively small 
potato tubers. In certain situations, this could be a useful alternative or an additional volunteer control 
strategy that would also contribute to fertility inputs. However, management may be difficult and the 
pigs may create greater soil disturbance and compaction leading to adverse effects on establishment 
and growth of the subsequent crop having implications for the cost/benefit ratio. 
 
Fertility management strategies  
Position in the rotation relative to the fertility building grass/clover crop phase: 
Potatoes in organic rotations are most commonly grown immediately after grass/clover (�fertility 
building�) crops or after a cereal crop which follows a grass/clover crop. This was confirmed by the 
survey reported in Chapter 2 � 40% of organic potato crops followed grass/clover and 40% followed 
cereals with only 20% following vegetables/roots and in most cases potatoes were grown at intervals 
of 4 to 7 years.  Levels of available soil nitrogen immediately after a grass/clover ley are higher than 
after the subsequent cereal crop. Whilst this is thought to increase potato yields, it may also render 
crops more susceptible to blight. Resistance expression by potatoes may also depend on crop nutrient 
demand at different growth stages as well as soil fertility status.  Since stages of maximum nutrient 
demand differ between early, mid, and late bulking potato varieties, this is likely to result in temporal 
differences between varieties with respect to blight resistance.  
Animal manures and N:K ratio:  According to the survey (Chapter 2) growers fully recognise the 
need to optimise fertility and that it is generally sub-optimal in organic cropping systems.  This not 
only limits yield because of adverse effects on growth but also is believed to pre-dispose plants to late 
blight: a clear message was that �weak� plants are more susceptible than well-fertilised, vigorously 
growing plants.  Nitrogen may be limiting in many cases and also potassium to a greater extent, whilst 
phosphate is rarely, if ever, deficient.  Cattle manure or slurry is the main fertility input and applied 
prior to planting but compost and other organic manures are sometimes used and occasionally applied 
as a �top-dressing� post-planting.  Permitted fertility inputs used in organic farming (e.g. animal 
manures, compost, legume crops) differ with respect to their effect on soil nutrient content, 
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proportions of different nutrients and nutrient release during the growing season. The aim is to use 
such inputs to achieve balanced fertility management over the complete rotation to optimise 
production. In potatoes, crop yield and quality are improved by balanced fertility and one of the 
contributory factors is thought to be an increase in resistance to fungal diseases. Imbalances on the 
other hand, such as a lack of available potassium or excesses of readily available soluble nutrients 
(especially N) may result in increased susceptibility to fungal pathogens and the N:K ratio may be 
particularly important.  
 
Planting date and chitting (pre-sprouting): Early establishment of crops (using early planting 
and/or chitting of seed potatoes) to extend the growing period prior to the appearance of late blight is 
used in several regions of the EU as a strategy to reduce yield losses due to late blight as shown by the 
survey results in Chapter 2. However, recent trials have shown that, in certain cases, chitted potatoes 
may suffer increased blight attack because the potatoes are physiologically older and more susceptible 
at the time of blight attack than non-chitted potatoes. Thus, chitting may not only affect the yield of 
the crop but also interactions between blight inoculum density and plant susceptibility. However, so 
far, this strategy has not been optimised for varieties with different degrees of blight susceptibility, or 
in regions with different blight pressure and in the absence of copper-based fungicides.  
 
Planting configuration and spacing: P. infestans infection and spread is facilitated by periods of 
high humidity and prolonged leaf wetness within the crop canopy. Reductions in the planting density 
(planting configuration/spacing between rows and spacing within rows) can shorten the period of leaf 
wetness/high humidity because of better aeration and thus suppress blight development. However, 
decreasing planting density is likely to affect yield and tuber size grading, increasing the yield of 
larger tubers, which for maincrops may be more difficult to market although the problem of under-
sized outgrades will decrease. The economical optimum for planting configuration and spacing will 
depend on variety (with moderately resistant varieties probably benefiting more than fully susceptible 
varieties from wider spacings), target harvest date and the onset and severity of late blight. 
 
Irrigation regimes and the development of late blight, crop yield and quality: Overhead 
spray irrigation (which is increasingly used in organic production to improve yields and quality), like 
natural rainfall, wets the leaves and increases humidity in the crop and can encourage blight 
development if timed inappropriately. Optimum spray irrigation regimes should result in higher yields 
and better quality without increasing the problem of late blight infection.  However, the effect of 
limiting the amount or frequency of irrigation to avoid or delay late blight infection must be balanced 
against potential limitations to yield associated with water shortage. Interactions between varieties 
with different resistance levels and irrigation regimes with respect to blight development and severity 
may be important. There could be less need to restrict water applications in more resistant potato 
varieties in which the pathogen often requires longer periods of leaf wetness for infection to occur than 
in more susceptible varieties and yields would be affected to a lesser extent.  
 
Foliar sprays and microbial soil inocula: Seaweed extract preparations, compost extracts and 
mixed microbial fermentation products have been proposed as potential blight control treatments.  In 
the survey, between 30 and 60% of the growers used alternative treatments from a list of about 40 
different products, and their use in particularly popular in Switzerland. Reliable data on their efficacy 
and information about their mode of action are, however, not available, but they appear to have a 
lower efficacy than copper fungicides. They may have direct fungicidal effects on the pathogen or 
influence the resistance of the crop. However, as some of these products supply mineral nutrients (e.g. 
seaweed extracts) or are thought to improve nutrient supply to the plant via stimulation of soil 
microbial processes (e.g. EcoN), their potential effect on late blight may therefore be (at least 
partially) due to improved nutrition of the host plant.  
 
 
Defoliation strategy and timing: Production of P. infestans� spores depends on the presence of 
live potato tissues. Consequently, defoliation is commonly used by growers to remove and destroy the 
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tops before harvest to reduce the risk of tubers becoming infected by zoospores produced on the 
foliage.   Indeed, this was the major reason given by growers surveyed for Chapter 2 for defoliation at 
some stage (normally during crop senescence, but sooner if blight infection came in early). The 
effectiveness of different defoliation methods (flailing and burning alone or in combination) permitted 
under organic farming standards to kill and/or restrict the production of spores will vary and be 
influenced to a large extent by prevailing weather conditions (in particular rainfall). Their capital, 
energy and labour requirements will also differ. The optimum method and timing for defoliation may 
have to be revised if copper-based fungicides are omitted from the blight control strategy.  
 
 
Section 1: Volunteer removal strategies 
 
Summary 
 
Efficient destruction of volunteers (and potato dumps) is an important and primary component of an 
integrated late blight management system as it eliminates the most important source of the inoculum 
leading to infection of newly emerging crops. However, their control is more difficult in organic 
cropping systems than in conventional ones where total and selective herbicides can be used. Outdoor 
pigs are highly effective foragers and will eat potato tubers that are on the soil surface and can unearth 
buried ones providing an additional �mechanical� means of control. Experiments were made in the 
Netherlands (NL) in 2001 and 2003 to evaluate the effectiveness of pigs for the removal of potato 
volunteers (groundkeepers) immediately following the harvest of the potato crop. Sows were used in 
2001 and finishing pigs in 2003. Both types consumed volunteer tubers after a few days and virtually 
completely within one week, which equated to a stocking density of between 600 and 1000 �pig days� 
irrespective of the type of pigs (sows or finishers). 
However, the effectiveness of this control method was offset by a number of problems: in 2001 many 
of pregnant sows used aborted their offspring following the experiment in the winter of 2001/2002.  
Whilst there was no conclusive veterinary evidence that consuming raw potatoes in the field was 
responsible, the risk was too great to accept. This risk was eliminated by using finishing pigs, but their 
meat quality was adversely affected (compared with pigs that had not been used to remove tubers from 
a potato field) resulting in a loss of 60 euros per pig. In addition, pigs� foraging activity resulted in 
poaching and soil damage/compaction that decreased establishment of the following cereal. Thus, 
whilst this method of volunteer control is extremely effective in relation to late blight management, 
not only is it limited in application because it depends on availability of pigs in autumn and soil type, 
but also because of potentially adverse effects on sow fertility, pig carcase quality and soil conditions. 
 
Introduction 
 
In areas with mild winters, potato volunteers, either emerging within potato fields or in neighbouring 
non-potato crops, present an important primary inoculum source for P. infestans. In organic 
production systems mechanical weed control and hand- weeding between potato crops in the rotation 
is often insufficient to reduce potato volunteers to a level where they do not pose a risk as a blight 
inoculum source. Specific mechanical methods are therefore often necessary to reduce volunteer 
populations. To some extent, these may be replaced by putting pigs onto land after harvest of potato 
crops. Pigs are known to dig up potato tubers including relatively small ones and thus could be used as 
an effective alternative or an additional volunteer control strategy. The use of pigs may have additional 
benefits (e.g. by providing additional fertility inputs as they forage), but a potential disadvantage is 
that they may also result in greater soil disturbance. 
An experiment was conducted in the Netherlands by Louis Bolk Institute, which investigated the 
effects of different levels of foraging intensity in terms of 'pig-days per hectare' on the number of 
volunteer tubers remaining that could emerge in the next year.  
 
Materials and methods 
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In 2001 a preliminary experiment using sows was set up as a randomised block trial, with three 
treatments (no pigs, 50 pigs/ha, 200 pigs/ha) in four replications. All plots were 10m wide x 20m long. 
In 2003, 20 finishing pigs were kept initially on a surface are of 2250 m2 of a field immediately 
following the harvest of a potato crop. Every day the area available to the pigs was reduced by closing 
off an area of 75 m2 at both ends of the area to increase foraging density from 89 - 1167 pig-days per 
hectare over the assessment period. 
 
Results  
 
In 2001 the sows ate all available potatoes in the plots within 3 days. After the third day (600 pig-days 
per hectare) as no food was left they started to break out onto new areas. Soil structure analyses 
indicated that the pigs caused a more compact structure in the top soil before winter, but in spring 
these differences had disappeared. In the spring of 2002 only 8 volunteers were found on 1728 m2 
(equivalent to 46/ha) and there were no differences between treatments. In the winter of 2001 - 2002 
many of the sows that had been used in this experiment had abortion problems subsequently. 
Veterinary experts were consulted about these problems, but gave no conclusive answer whether this 
was the result of consuming raw potatoes during the experiment. Nevertheless, to avoid any possibility 
of such potential adverse effects, it was decided to use finishing pigs for the experiment in 2003 
instead of pregnant sows. 
 
In 2003 the finishing pigs ate all potatoes in the top soil within 8 - 16 days: after 8 days (967 pig-
days/ha) the farmer had the impression that all remaining potatoes were consumed, and on this part of 
the experimental field only one potato was found at the final assessment of potatoes in the top soil 
(after 1167 pig-days/ha).The quality of the meat of the pigs that participated in the experiment was 
poorer than from other pigs on the farm and  resulted in a loss of profit of  � 60 per pig. Observations 
in spring 2004 of the farmer indicated structural damage to the whole of the experimental area caused 
by the pigs� foraging leading to poor emergence of triticale whereas it was good on other areas that 
had been free of pigs. 
 
 
Discussion & Conclusions  
 
Pigs can be very effective in removing potatoes that are left on the field after harvest. They are far 
more effective than other animals that will eat potatoes because pigs will root and dig them up from a 
considerable depth and not just from the surface. Both experiments showed that pigs were able to eat 
practically all potato groundkeepers within a reasonable time period following harvest and virtually 
eliminated the problem of volunteers overwintering to act as a source of late blight inoculum.  
However, possible risks of health problems when sows are used, meat quality problems when finishing 
pigs are used, and damage to soil structure limit the applicability of  pigs as removers of volunteer 
potatoes. 
 
 
Section 2: Position in the rotation re: fertility building grass/clover crops 
 
Summary 
 
In Germany, three potato varieties � Nicola, Rosella, and Simone, mainly differing in the time of 
initiation of tuber formation (early, middle, late, respectively) � were grown in a 3-factorial field trial 
for two years in 2 rotational positions i.e. after grass/clover and winter wheat (which had a 
grass/clover pre-crop) in order to induce a different fertility status through the nitrogen supply. 
Copper-based fungicide was used to control late blight. Nitrogen supply after grass/ clover was 
between 26 to 32 kg higher than after winter wheat. Although late blight severity was consistently 
higher after grass/clover the differences were not significant in both years. N-mineralisation rates in 
2002 were below average due to unfavourable weather conditions in May and June. Thus, only in 



 286 

2003 was the additional N-supply after grass/clover translated into significant yield increases. 
Although there were large differences in susceptibility of the varieties, especially in 2002 with Simone 
being most resistant, these did not result in corresponding differences in yield. Rosella significantly 
outyielded the other two varieties in both years. Copper fungicide treatment had a moderate but 
significant impact on disease severity in 2002 and 2003. However, yield increases due to copper 
fungicide treatment were only significant in the year 2003 by 1.9 t/ha. It is concluded that the 
combination of the fertility status of the site and varietal choice is an important system-based means of 
reducing yield losses due to late blight in organic potato production while the use of copper fungicides 
may not result in the desired yield effects. 

 
In the Netherlands, two experiments were done in 2002 and 2003 using varieties Sante, Appell and 
Aziza in 2002 and Raja in 2003. In 2002, potatoes were grown immediately following spring wheat or 
lucerne and in 2003 following a pure-stand of barley or a barley crop undersown with barley.  The 
fertility input was further modified by applying 20 cubic metres of slurry during the early part of crop 
growth to half of the plots: the remaining half of the plots received no additional fertiliser. 
Nitrogen availability was very similar irrespective of pre-crop because of the high level of inherent 
fertility of the soils built up over a period of organic fertility management and basic fertilisation 
immediately prior to cropping, especially in 2003. However, in 2002, potatoes without additional 
slurry after planting, suffered a slight nitrogen deficit at the end of the growth period. 
In 2002, potatoes after lucerne were more infected with late blight than after wheat but this did not 
affect the duration of crop growth nor the time at which the crops were defoliated (crops in NL must, 
by law, be defoliated at low levels late blight infection ~10%  foliage infection). However, varietal 
differences in resistance to late blight were very obvious � Appell was markedly more resistant than 
Sante.  
There were no significant effects of fertility treatments in either 2002 or 2003, or varieties in 2003, but 
in 2002, Appell gave about twice the yield of Aziza ( approximately 30 t/ha compared with 15 t/ha). 
 
Introduction 
 
The impact of Phytophthora late blight on the yield and quality of organic potato production is highly 
variable. Yield losses may range from small or insignificant to total, complete loss. Yield-loss-
relationships are mainly estimated under conventional conditions. In organic production, however, 
these measurements are still missing. The contribution of the nutrient supply to potatoes in organic 
production is often underestimated. In organic rotations, one- or two-years of grass/clover is needed as 
a nitrogen supplying part of the rotation. It is argued whether potatoes in organic production should be 
grown directly after grass/clover or only in the second year after grass/clover (i.e. usually after a cereal 
that may follow the grass/clover) as the quality of the potatoes is affected with respect to the nitrate 
and starch content. Möller (2002), however, showed that there is a close, highly complex interaction 
between the nitrogen supply, the whole growth period of tuber growth and the daily rate of tuber 
growth.  
 
There are many reports that differences in nutrient supply to potato crops influence the susceptibility 
of the crop to Phytophthora. On the one hand it is reported that heavily fertilised crops are more 
infected by late blight, on the other hand many organic farmers report the opposite, i.e. that a weak, 
poorly fertilised crop is more susceptible. The impact of a Phytophthora attack is under certain 
circumstances of minor importance when the �right potato-variety� is supplied with an adequate 
amount of nitrogen released during the phase of main tuber growth between mid June until 
beginning/middle of July from previously accumulated reserves. In Germany, it was shown in 2001 
with a number of varieties which had different bulking times, that early bulking varieties are better 
able to build up high yields in spite of a Phytophthora attack than late bulking and even more resistant 
varieties. In comparison it was also shown that the same varieties did not reach the same yield on a site 
following a pre-crop of wheat after grass/clover during the same period. However, during a phase of 
mild late blight these varieties were able to compensate for the delay. Therefore, in a systems approach 
of late blight control it is necessary to pay more attention to the supply of nitrogen in organic 
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production. Field trials were set up 2002 and 2003 in Germany and the Netherlands to asses the effect 
of the position within the rotation of potato-varieties with different bulking times on the late blight 
attack. Potatoes were grown in two rotations i.e. directly after a fertility building crop i.e. grass/clover 
or lucerne or after wheat following the pre-crop grass/clover. The aim was to assess the effect of 
different nutrition levels on yield and quality of potatoes in organic production in view of increasing 
restrictions on the use of copper-fungicides.  
 
 
GERMANY (D) 
 
Material & Methods 
 
Experimental site: The experiment was conducted in 2002 and 2003 under organic management on the 
experimental farm of the University of Kassel (central Germany) 8km NW of Witzenhausen, about 
250m asl. Soils are deep loess soils. 
A rotation trial was set up in 1999/2000 including two four-year rotations. Rotation 1 was 
grass/clover; potato; winter wheat; spring cereal. In rotation 2 the position of potatoes and winter 
wheat were exchanged to provide varying levels of nutrition for the potatoes. A total of 32 plots were 
arranged as a split plot design, with rotation as the main factor and subplots arranged within each main 
plot. The size per main plot was 22 x 60m, allowing for the arrangement of various subplots. 
 
Plot arrangement: Each subplot was 10 rows wide by 10m. Row 1, 5 and 10 were edge rows, rows 2-4 
were used for three sequential harvests and row 6-9 for final harvest (Fig. 1). Subplots were arranged 
in two long rows along the edges of the main plots to allow for sequential harvests from the outside in 
order not to disturb the parts of the plots to be used for final harvest. In 2002, all subplots were 
surrounded on both sides with two rows of the moderately susceptible variety Rosella. In 2003, the 
second surrounding row was planted with the susceptible cultivar Linda to provide for a more uniform 
inoculum pressure throughout the experimental area. 
 
Treatments: Three varieties (Nicola, Rosella, Simone) were selected to be similar with respect to 
maturity (all middle early group, Bundessortenamt, 2002) but varying in bulking behaviour. Rosella 
and Nicola are moderately susceptible to late blight whereas Simone, as a late bulking variety, is less 
susceptible (Table 1). 
 
Agronomic measures: All measures are summarised in Table 2. In 2002, with relatively warm and dry 
weather in early April, planting of the edge rows started on April 11 and April 23 for experimental 
plots. Unfortunately, unpredicted rains started in the middle of planting and lasted intermittently for 
about three weeks and planting could only be continued on May 15. This resulted in two replications 
planted on April 23 and one on May 15, while the main plot of one replication with pre-crop 
grass/clover was planted on April 23 and the main plot with pre-crop winter wheat on May 15. In 
2003, all experimental plots were planted on April 15. Each variety in the two crop rotations were 
treated with copper hydroxide, 3 and 4 times with 0.5 kg/ha in year 2002 and 2003, respectively) on 
extra plots and compared to plots without copper fungicide treatment. (See Table 2) 
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Table 1. Varieties and their properties used in 

pure stands and in four two-way mixtures with 

one red and one white variety per mixture  

Variety/Mix 
Colour  Bulking1 Susceptibility2 

1. Nicola white early middle 
2. Rosella (R) red middle middle 
4. Simone (S) white late low 
1Based on Möller, 2000 and own observation (Ann rep. 
MOP Feb. 2002) 
2Based on own observations in 2001 at the same site 

 
Fig. 1. Set-up of subplots within 

main plots. 
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Table. 2. Agronomic measures in 2002 and 2003 
2002 2003 Measure 
24.10.01 15.1. Ploughing in rotation 2 (pre-crop wheat) 
16.2.  20.1. Ploughing of grass-clover for rotation 1 
11.4. 14.4. planting of edge rows 
23.4. 15.4. planting main plots  
15.5. - late planting main plots 20021 

18.5., 
2.6. 26.6. 

16.5. Hoeing and hilling 

2.7. 27.6. sequential harvest 1  
15.7. 08.7. sequential harvest 2  
29.7.  15.7. sequential harvest 3  
19.6., 
26.6., 
5.7. 

24.6, 
8.7., 
15.7., 
29.7. 

Copper spraying (500g per application) 

7.8. - sequential harvest (late planted plots 20022) 
- 12.8 defoliation 
16-19.9 25.-29.8 harvest 

1 One replication with pre-crop grass clover and two with winter wheat 
were planted late due to prolonged rainfalls (see text for explanations). 
2 Sequential harvests for the late planted plots in 2002 were started on the 
second date only. 


