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2 Summary for growers

2.1 Project description

The aim was to develop an interactive, computer-based programme able to realistically model the relationship between the population density of potato cyst nematodes (PCN) at planting and potato yields and PCN population densities at harvest.  Once this was done, the main objective was to model and predict the effects of different integrated management strategies on PCN, especially the white PCN, Globodera pallida.  To achieve this required the development of appropriate, user-friendly software.  Existing field trial data was used to develop the mathematical equations that drove the programme.  These equations were based on biologically meaningful parameters so that the effects of different control measures and of soil type and cultivar differences on PCN damage and multiplication rates could be predicted.  The programme was then used to identify the value of integrating control measures and potential failings in current management strategies.

2.2 Source of data 

The data used to develop the equations driving the programme was derived from field trials at different sites in Scotland and England.  These trials contained replicated plots previously manipulated to produce a wide range of pre-planting densities.  Five different potato cultivars were planted in each main plot: intolerant/susceptible, intolerant/partially resistant (95% resistant), tolerant/partially resistant (75% resistant) and very tolerant/partially resistant (85% resistant).  The plots were intensively sampled to determine the pre-planting population and the post-harvest PCN population densities and potato yields.  Other data on decline rates between potato crops, effects of nematicides etc. were derived from published results

2.3 Development of equations 

Damage

Damage increased with increasing PCN population density and the relationship was adequately described by an existing proportional yield loss model.  However, the trial results showed that damage was also influenced by the soil type and the tolerance of the cultivar being grown, and that their effects were additive.  The damage equation was given predictive potential by incorporating parameters for both soil type and cultivar tolerance. 

PCN multiplication

Existing equations effectively described the multiplication rate of PCN, but their biological interpretation was unclear, and they were not predictive because they lacked parameters for soil type and tolerance differences.  A new population equation was developed with three main parameters, the maximum multiplication rate (largely determined by soil type), a theoretical maximum population density assuming no damage to the plant (largely determined by root system size), and a damage parameter that reflected the effects of soil type and tolerance.  Parameters for the proportions of eggs that remain unhatched, for effects of nematicides and resistance, and of decline rates between potato crops were also incorporated. 

The parameters of the models were verified using another set of data from an earlier field trial and they adequately described the data. 

2.4 Development of user-friendly, computer  programme

The programme first asks the user to provide information on the soil type and PCN population density at planting. Once these are entered, the user has to decide on the cultivars to be grown, their expected yield, rotation length and nematicide treatments to be applied. The rate of PCN decline between potato crops is assumed to be 20% per annum but can also be altered. Once all the information is entered, the programme then calculates the trends in PCN population densities and in expected yields over several rotations. Changing one of the input parameters results in an immediate change in the predictions.

2.5  Integrated control - practical recommendations

The programme demonstrated that:-  a)  Unless partially resistant cultivars were grown, sustainable control of the white PCN (wPCN) was unlikely for many potato producers.  This was especially so on organic soils where tolerance, maximum PCN multiplication rates and equilibrium densities were all high. b) Rotations need to be lengthened on most farms. c) Nematicides gave the greatest decrease in PCN multiplication rates when applied to low PCN population densities.  When applied to heavily infested soils they could increase PCN multiplication rates.  Consequently, they were most effective as a management tool when applied as soon as PCN was detected.  d) Partial resistant cultivars and nematicides had an additive effect on suppressing wPCN multiplication when applied together. 

2.6  Conclusions

The current farm estimates of PCN population densities are too inaccurate for use in the computer programme because they are based on soil samples that are too small and from too large an area.  Also, the long-term changes in PCN population densities depend on several interacting factors, many of which are currently not quantified.  These include rates of population decline between potato crops and nematicide effectiveness in suppressing PCN multiplication.  To enable the programme to be of predictive value will require the collection of additional data and changes in methods of collection and processing of PCN samples.

Experimental section

Introduction

The white potato cyst nematode (wPCN) Globodera pallida is an increasing problem in potatoes in the UK.  G. pallida has replaced G. rostochiensis following the widespread cultivation of cultivars with resistance to the latter.  In 1992 the Potato Marketing Board estimated that 42% of potato land was PCN infested.  However, a recent survey of 500 potato fields detected PCN in 64% of potato fields, and 92% of infestations were either of G. pallida, or a mixture of the two species (Minnis et al, 2000).  

3   Biology

The dead body of the female PCN forms a cyst containing up to 400, dormant eggs.  The eggs will resist drying, flooding and can persist for at least 20 years.  Some eggs hatch each spring with the result that the population progressively "declines" when potatoes are not grown.  This decline is the basis of rotational control, but the rate of decline varies and can be as low as 12% per annum (Turner, 1996).  Decline rates of 30% per annum were regarded as typical for G. rostochiensis, but they appear to be lower for many populations of G. pallida, perhaps 20% or less, reducing the effectiveness of rotation.  

When a potato crop is grown the majority of the dormant, second stage PCN juveniles hatch in response to 'hatching factor' - specific chemicals exuded from potato roots.  Not all eggs hatch when potatoes are grown and a proportion (typically 10 to 20%) are "carried over" to the next potato crop.  The juveniles migrate through the soil to the growing potato root tips by following specific root exudates.  Once at the root tip they tunnel into the root, cutting through the cell walls with their mouth stylet.  Once near the root centre (stele) they cease moving and settle to induce changes in the root cells around their head so that the cells enlarge and fuse to form a syncytium.  This syncytium provides the developing juvenile with all its food.  Juveniles with large syncytia(1) become female, those with smaller syncytia become male.  Consequently, the proportion of males increases as more juveniles invade a root because of the damage they cause and the competition for sites that will produce large syncytia.  A large syncytium allows the developing females to become round and to enlarge so much that their bodies rupture the root cortex and appear on the outside of the root.  The adult females, visible in late July and August, of the white PCN (Globodera pallida) remain white, but those of the yellow PCN (G. rostochiensis) become yellow.  Cysts of both species are brown.

(1) syncytia - a multinucleate mass of protoplasm resulting from fusion of cells.

3.1 Resistance and virulence

Resistance interferes with the development of the syncytium.  Consequently, although fewer females develop on resistant plants, the numbers of males may be increased.  Resistance does not prevent the juvenile PCN from hatching or invading the potato roots, but it does reduce the parasitic (withdrawal of nutrients) effect of the developing females.  Consequently, depending on the intensity of the resistant reaction, resistant plants may suffer less, an equal amount, or more damage than susceptible plants.  

Complete resistance to G. rostochiensis conferred by a single, major gene was incorporated into several widely grown cultivars (e.g. Maris Piper).  The corresponding virulence gene is lacking from G. rostochiensis in the UK, so its populations have greatly declined.  In contrast, all populations of G. pallida were completely virulent and they have greatly increased and spread.  Spread has been greatly aided by the movement of soil on modern machines.

3.2 Partial resistance to G. pallida

A search for resistance to G. pallida failed to detect sources containing a single gene that was completely effective.  Instead, sources such as Solanum vernei that contained several genes whose combined effects gave high levels of resistance had to be used.  When these were hybridised with potato some of the resistance genes were not inherited by their progeny which, as a consquence, were only partially resistant.  A further complication is that populations of G. pallida differ in their ability to induce syncytia on these partially resistant cultivars.  Notably, a population from Luffness was almost completely virulent against some ex vernei clones and molecular studies show that this population probably derives from a different introduction (from S. America) to the majority of UK G. pallida populations.  Partially resistant cultivars effective against G. pallida are available, but they are not widely grown (ca. 5% of the crop), and they do not prevent some increase of low population densities.  Currently, control depends mainly on granular nematicides and crop rotation.  However, the recent increase in G. pallida and the increasing use of fumigant nematicides to control heavy infestations suggest that current management is inadequate to prevent further increases in problems in the longer-term.

3.3 Damage and tolerance of damage

PCN damage is a result of juvenile nematodes tunnelling within the root to their feeding site (Turner, 1980), the establishment of the syncytium (Jones & Northcote, 1972), and the extraction of nutrients as the developing nematodes grow.  The damage to the root interferes with the plants’ ability to transport water and nutrient, thereby reducing top growth and light interception (Trudgill & Phillips, 1994).  The extent to which light interception and yield are decreased varies with the tolerance of the cultivar.  Some cultivars are more tolerant than others because of their more vigorous top growth and the production of an extensive root system.  Tolerant cultivars can sustain larger nematode populations than non-tolerant (Trudgill & Phillips, 1994).

Heavy infestations of PCN cause more damage than light infestations and models have been proposed to describe the relationship between the initial PCN population (Pi) and yield.  Seinhorst, (1965) proposed the exponential equation
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This equation applies when values of Pi > T.  Consequently, 
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In this equation:- 

E[Y] is the expected yield,


Ymax is the yield when there are no nematodes present, i.e. Pi=0, 


m is the ratio of minimum (Pi=() to maximum (Pi=0) expected yield,

T is the nematode density threshold below which no (measurable) damage occurs,


z is the ‘rate’ at which increasing Pi decreases the expected yield

.

This equation describes the relationship between PCN and damage but, unless the values of the parameters are known, it cannot predict the amount of damage to be expected at different sites or with different varieties.  Also, it has four parameters and these are difficult to estimate simultaneously using trial data (Elston et al., 1991).  Seinhorst, after many pot experiments, further proposed fixing 
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Fig.1Seinhorst yield loss model for estimating the expected yield of cultivars. Parameters: Ymax=60t,  m=10% of Ymax, T=20 and c=25.

In the Seinhorst model, the expected yield is unaffected by the PCN population up to the point that Pi = T; any increase in Pi greater than T incurs losses (Figure 1).  

Elston et al, (1991), proposed an alternative, inverse linear model.
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where c is the rate at which the expected yield decreases as Pi increases.  The other parameters are as in the Seinhorst model. The yield loss is greater at low values of Pi than with the Seinhorst model. For a comparison of the two models, see Elston et al, 1991.

3.4 PCN multiplication

The PCN multiplication rate is at its maximum when PCN populations are small because a high proportion of the juveniles become female, and root growth is not affected.  Their multiplication rate is at its lowest when populations are large because of the competition for feeding sites and the damage.  Very large population densities may cause so much damage that the population is less after harvest than it was at planting.  Based on glasshouse pot experiments it was demonstrated that the multiplication rate of G. pallida (Figure 2) is inversely proportional to population density at planting, Pi (Seinhorst, 1970; Jones & Perry, 1978).
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Fig. 2.  Effect of population density at planting on the multiplication rate of G. pallida on a susceptible potato cultivar.

Using the data from pot experiments Seinhorst (1967) proposed the relationship for the population density at the end of the growing season (Pf) as
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where a is the maximum rate of multiplication, 1-q is the proportion of space exploited for food at Pi = 1 and q < 1.  There are other models for PCN population dynamics that take into account factors such as the proportion of eggs that remain unhatched when a potato crop is grown and are "carried-over" (Phillips et al., 1991). 

3.5 Soil sampling for PCN

Populations of PCN are often enormous.  One egg per gram of soil (1 egg/g soil) represents approximately 3000 million eggs per ha (there are ca. 3000t of top soil/ha, or 3000,000,000g/ha).  The current sampling procedure is, however, poor at estimating PCN population densities for several reasons.  

3.5.1  Sample size

When determining levels of infestation of PCN, the majority of laboratories in England use 100g of dried soil (ADAS in England, and SAC in Scotland use larger samples).  This is taken from a larger soil sample, typically collected in the year immediately prior to potato planting i.e. after 4 or 5 years rotational gap during which the egg content of the cysts will have declined.  If, at the time of sampling, cyst are assumed to contain an average of 100 eggs, then it is apparent that 1 egg/g is the threshold for detection for a 100g soil sample.  Increasing the sample size proportionally decreases the threshold.

3.5.2  Sampling area

The typical sample area is 4 ha (10 acres) from which 40 to 60 cores are taken.  Consequently patches of PCN smaller than 0.1ha  are likely to be missed.  Also, the PCN population density may vary greatly across the sample area so that the result is a mean that hides considerable variation.   

3.5.3   Sampling errors

Estimating population densities from sub samples is subject to random errors.  Except when densities are small, the 95% confidence limits derived from a Poisson distribution (2 x √mean) indicate the minimum errors e.g. if the true mean for a bulk of soil is 100 eggs/g, and 100 sub samples are taken and processed, then 95% of the counts should lie between 80 and 120 eggs/g.  In practice, sampling errors are closer to a negative binomial distribution.  If the bulk samples taken for PCN are large e.g. 4 kg, and are sub sampled several times, then at each step an error is introduced. 

3.5.4   Improving the accuracy of PCN population estimates

Accuracy is improved by: i) processing the largest sample that is practical, ii) by not sub sampling the bulk sample, iii) by reducing the sample area, and iv) by maximising the numbers of samples taken to produce the bulk sample.  Also, because of bulk density differences between soils, it makes more sense to base the size of the sample processed on volume rather than weight.  

Determining the species of PCN present is crucial to management, but is often lacking from present PCN assays.

3.6 Granular nematicides

Granular nematicides are not phytotoxic, they dissolve and move in the soil water, and affect only the juveniles that are about to, or have already hatched.  They degrade in the soil and have little effect on the juveniles once they have invaded the potato roots.  Consequently, they must be applied as close to planting as possible and thoroughly incorporated into the soil to slightly below planting depth (Woods & Haydock, 2000).  

Many factors can affect their effectiveness.  Some, such as timing and effectiveness of incorporation are (at least partly) under the control of the grower.  Others, such as rate of degradation which can vary greatly (Ambrose et al, 2000), are not.  Effectiveness can be measured both by increase in crop yield, and the effect on the PCN population at harvest.  As will be demonstrated, the latter is crucial for longer term management of PCN and soil health for potato production.  

3.7 Fumigant nematicides

Fumigant nematicides are costly (ca £550/ha), applied at high rates, and phytotoxic.  Hence, they have to be applied prior to the potato crop, usually in the autumn before.  They kill all the dormant juveniles exposed to sufficiently high concentrations of the fumigant.  Soil conditions affect fumigant effectiveness as the gases they release have to diffuse through the soil air spaces, but must not escape too quickly from the surface.  It is difficult to determine levels of kill immediately after fumigants have been applied because the eggs are mummified.  However, levels of control are often less than 80%.  Crop yields are improved not only because of control of PCN and some other soil pathogens, but because ammonium nitrogen is released.  Consequently, the surviving PCN often have a very high multiplication rate. – the population "rebounds".  To prevent this, fumigant nematicides are usually followed by a granular nematicide applied at potato planting.

3.8 Integrated control 

Integrated control involves the bringing together of two or more control measures with additive effects.  Almost all growers use rotation, and many combine this with nematicides.  However, as will be demonstrated by the SCRI-PCN model, control of PCN with nematicides does not always reduce post-harvest populations.  Resistance to G. rostochiensis is still valuable in some regions (e.g. northern Scotland) but will select for G. pallida.  Partial resistance is used by a minority of growers, and some also practice a form of trap cropping by early lifting (Turner et al, 2000).

Not all control measures have additive effects.  Control of multiplication of G. rostochiensis by resistant cultivars such as Maris Piper is not improved by granular nematicides.  However, damage will be reduced, and multiplication of any G. pallida present will be controlled.  The control measures with additive effects with regard to control of PCN multiplication are :-  i) rotation, ii) granular and/or fumigant nematicides, iii) partial resistance.  The effects of fumigant nematicides are additive with both trap cropping and resistance to G. rostochiensis.    

3.9 Objectives

The overall objective of the research described below was to develop a computer based, predictive model for the integrated management of G. pallida.  This involved:-  i)  Analysing data from field trials at different sites and with different potato varieties to provide a basis for determining the relationship between PCN population density at planting and potato yield and PCN multiplication, and the interactions with site and variety. ii)  Developing simple, predictive equations with biologically meaningful parameters as a basis for the model.  iii)   Calibration and validation of the parameters in the models. iv)  The computing and programming required to develop a user-friendly, interactive programme that also incorporated the available control options.  v)  Assessment of the implications of the model for the management of G. pallida. vi) Development of strategies for transferring the programme to potato producers to improve their management of G. pallida.
This report will briefly summarise achievements in i) to iv), but concentrates on items v) and vi).  The details of what was done and achieved are in Appendix I. A detailed analysis of sampling strategies is in Appendix II. 

4  Methods and Results

4.1 Analysing data from field trials at different sites and with different potato varieties (i).

Until our field trials were done, our understanding of relationship between levels of infestation with PCN at planting (Pi) and potato yield, and PCN multiplication rates, was based on glasshouse trials in pots.  These trails produce graphs (regressions) of the relationship of yield and PCN multiplication to Pi (see Figs.1 & 2).  We sought to establish such relationships for field grown potatoes.  To do this required that we prepared trial sites with plots encompassing a wide range of Pis in the field.

We did this, in collaboration with ADAS and SAC in four fields with different soil types (loamy sand, sandy loam, silt and peaty loam) in areas that were initially lightly infested G. pallida.  In the first year, by planting the plots with potato clones/cultivars that ranged from fully susceptible to almost completely resistant, we prepared large plots which, at harvest, contained a wide range of PCN population densities.  

In the second (trial) year each main plot was divided into five sub plots, and each sub plot was planted with a different cultivar that differed from Maris Piper by being either more resistant or more tolerant of G. pallida.  Each sub plot was soil sampled before and after harvest, and tuber yields were taken from 16 plants.  

The equation modelling the effect of PCN on potato yields expresses losses in proportional terms (i.e. as percentages losses). The result showed that, on this basis, the relationship between Pi and yield was similar for each cultivar and soil type but that the rate at which yield was decreased was greater for cv Maris Piper than more tolerant cv. Glenna (Fig. 3).  However, there are differences in absolute yields (i.e. in t/ha), especially between sites, which affect the amount by which PCN reduces yields in t/ha (Fig. 4).  Even so, although the absolute loss was greater at the site with a peaty loam soil, the percentage yield reduction was greater at the sandy than at the peaty loam site (Fig. 4). 
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Fig. 3  Relationship between PCN  population density at planting (Pi) and yields of cv. Maris Piper, and the second early but tolerant cv. Glenna.
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Fig. 4  Relationship between PCN  population density at planting (Pi) and yields of cv. Maris Piper at a site with a sandy loam and a peaty loam soil.

The multiplication rate was also affected by the cultivar (Fig. 5) and was greatest on tolerant cv. Cara and least on partially resistant Sante.    

The multiplication rate also varied with soil type and was greatest on the peaty loam soil and least on the loamy sand.

Although these trails were part of a previous study (funded by the Potato Marketing Board), their results formed the basis of the development of the computer model for the management of PCN, and G. pallida in particular (hereafter called the SCRI-computer model).  Consequently, as part of this project, the data was subjected to lengthy statistical analyses that are described in Appendix I.  Of particular concern were the estimation of Pi and the relationship with the population at harvest, (Pf).  The Pf values were more variable than the Pi, emphasizing the need to thoroughly mix the soil before sampling.  The shapes of the regressions between Pf  and Pi were confirmed by analysis of rolling means.
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Fig.  5 Relationship between PCN  population density at planting (Pi) and PCN multiplication rate for cv.Maris Piper, tolerant cv. Cara and partially resistant cv. Sante.  

4.2  Development of simple, predictive equations (ii)

4.2.1   Damage

The equations and models available at the start of this research were confirmed as adequately describing the relationship between Pi and yield, and Pi and Pf.  However, they were not predictive because, as our results showed, damage and PCN multiplication rates are also affected by various environmental factors, particularly cultivar tolerance and resistance, and by soil type.  Consequently, once the data was in a suitable form, an analysis was made of the interactions between Pi and the effects of cultivar and of soil type.  This showed that their effects were independent and multiplicative.  This allowed us to make the equation for yield loss predictive by incorporating functions for cultivar tolerance and for site factor, particularly soil type.  The relationship can be simply expressed as :-
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In mathematical terms the equation is :- 
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where E[Y] is the expected PCN infested yield,

Ymax is the expected yield in the absence of nematodes,

soil is the parameter for the site,

cv is the parameter for the tolerance for the potato variety used.

4.2.2   PCN multiplication

The equation for PCN multiplication required a series of modifications to change it from being descriptive to predictive (some of which are considered in more detail in Appendix I).  PCN multiplication rate decreases as the Pi increases because of competition between the invading juveniles for feeding sites, and because of the increasing damage to the root system.  Based on the results of the four field trials the equation modeling PCN multiplication incorporates a damage function, and it was give predictive potential by modifying this function to incorporate the cultivar and soil/site effects as described above.  Other changes required to give the equation predictive potential included incorporating factors for the effect of damage on the proportion of PCN eggs that hatched when a potato crop was grown, and allowing for differences in soil type/site, cultivar resistance, cultivar tolerance of damage and yield potential between sites.

The modified equation is :-
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where a is the maximum multiplication rate, 

M is the theoretical equilibrium density,

Hatch represents the proportion of nematodes that hatch,

Damage is given by the proportional yield loss model, and

carry-over represents the unhatched eggs.

The parameters a and M are of particular biological significance.  The maximum multiplication rate (a) is achieved at very low PCN population densities (less than 1 egg/g soil) when there is no competition or damage.  It reflects the proportion of juveniles that are hatched and then are successful in finding and invading a potato root and becoming a mature female.  The value of a is least in soils where, because of lack of pores of adequate size, the hatched juveniles find it difficult to find a potato root (e.g. many heavy soils).  The value of a is also less for poorly than for well grown or vigorously growing crops with a large root system. 

The theoretical equilibrium density (M) reflects the maximum numbers of female PCN and their eggs that would be supported by an undamaged root system i.e. the better grown the potato crop and larger its root system, the more PCN it will support.  Juvenile PCN will also more readily find a root to invade if the root density is high.  Consequently, the results from the four field trials suggested that a and M are correlated. The parameter values for Maris Piper at three sites is given in Table 1.

	Site
	M (eggs/ g soil)
	a (( rate)

	Loamy sand
	404
	19.4

	Peaty loam
	1618
	58.7

	Sandy loam
	787
	31.0


Table 1 Parameter estimates for M and a for cv. Maris Piper on three different soils.

In conclusion, it seems probable that the increase in PCN problems in recent years is partly because improved husbandry of the potato crop has increased both a and M.
There was a severe drought at the silt soil site with no irrigation facilities available. This resulted in the effective early senescence of the trial with no population data available.

4.2.3   Relationship between Pi and Pf 
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Fig. 6 Relationship between Pi and Pf for cv. Maris Piper on a sandy loam soil and for tolerant cv. Cara and partially resistant cv. Sante at the same site.

Because the multiplication rate of PCN decreases with increasing Pi the Pf increases to a maximum, and then decreases (Fig. 6).  Because of the damage to the root system the maximum Pf is achieved at relatively low values of Pi.  It is, however, greater for tolerant than intolerant cultivars (Fig.6).  If the potato crop is severely damaged the PCN population can be less at harvest than at planting, because the hatched juveniles have not been replaced.  Partial resistance decreases both the value of a and M (Fig. 6), but PCN populations still increase in lightly infested soils.

4.2.4   Integrated management
To model rotations and the effects of nematicides required additional functions for rates of PCN decline between potato crops and for estimated 'kill' by nematicides.  There is very little data regarding either of these, but annual rates of decline appear to range between 12% and 40% (Turner, 1996).  Current experience points to the lower end of this range.  Nematicide effectiveness also appears to vary with method and effectiveness of incorporation, but persistence of Vydate varied from less than 21 days to more than 90 days (Ambrose et al., 2000).

A final modification was to allow for rotations where the cultivar grown could be changed i.e. alternating susceptible and resistant cultivars.

4.3 Calibration and validation of the parameters in the models (iii)

Calibration of the parameters for both the yield and population models was undertaken with the field trials data outlined in i) above. The validation process involved a data set from another field trial. This data covered a wide range of Pi values and potato varieties of different tolerance and resistance characteristics. A statistic was calculated, the mean sum of squares of differences of the data to the fitted curve and compared with the statistic from the results of re-parameterising the model with statistical software. 

Detailed account of the validation process is contained in Appendix I.

4.4 The Computer Programme (iv)

The programme was written in the Delphi (version 3) environment, which has many integral utilities for representing results.  It is also compatible with the Microsoft family of products, such as Access for database representation of parameter values.  Delphi allows for rapid application deployment (RAD) of programmes using an integrated development environment (IDE) which provides all the tools necessary to design, test and run an application.  The programme illustrates the population dynamics of PCN in a variety of soils, cultivars, rotation lengths and treatments and the consequences of changing one or more of these for both present and future PCN populations and expected yields.

4.4.1 Interface
The interface is all contained within one open window or frame, with boxes for both data input and results, Fig 7.  Input controls are either drop down menus, edit boxes or radio groups for nematicide treatments.
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Fig. 7a Opening page of the SCRI-PCN management program.
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At the start, the operator needs to select a rotation type in which the same cultivar will be grown at each potato crop ('single'), or one where the cultivar can be changed ('multiple').  The soil type and initial population estimates must than be entered followed by cultivar type, rotation length, expected yield and nematicide treatment (if any).

4.4.2  Parameters
There are a number of parameters in the programme.  Some are fixed, some have default values but can be varied and some need to be entered by the user. 

4.4.3  Fixed parameters

The maximum multiplication rate (a) and the maximum equilibrium density are currently set based on the soil type and cultivar tolerance.  Currently, these parameters cannot be easily changed without resetting the programme.  

4.4.4  Variable parameters

Initial population estimate is entered at the beginning of a simulation and is then fixed for the duration of the simulation.  The initial population estimate is a weakness in the management of PCN, as it is known that estimates can vary considerably even in small areas.

The potato cultivar to be grown is defined in terms of their resistance (ability to restrict PCN multiplication), and tolerance (the ability to yield despite PCN damage to the roots).  The 'standard' susceptible cultivar used throughout this report is cv. Maris Piper.  Based on the NIAB listings with resistance on a 0 to 5 scale (where 0 represents zero resistance and 5 complete resistance) Sante was classified as partially resistant (level 3 = 75% resistant).  

Tolerance to invasion from wPCN is more difficult to quantify.  In the programme, tolerance is categorised simply as very intolerant, intolerant, tolerant and very tolerant.  Both cv. Maris Piper and cv. Sante were classed as 'intolerant' to G. pallida, whereas cv. Cara is very tolerant and cv. Pentland Dell is very intolerant.  If the PCN were G. rostochiensis, cv. Maris Piper would then be classified as both tolerant and fully resistant (level 5). 
The effect of rotation length on the PCN population density at planting of the next potato crop is determined by the time between potato crops, and the annual rate of decline.  The former may be varied by the grower, and levels of ground-keepers (which can also be managed by the grower) will affect the latter. The default value for the annual decline rate for wPCN in the absence of a potato crop is set at 20%, but this can be varied using the 'edit' facility.

The grower has a choice of whether or not to use a nematicide.  If he uses a nematicide he can choose to use a granule or a fumigant, or both.. The default values are 20% of the PCN surviving a granular and 10% a fumigant nematicide.  These values can be changed using the 'edit' facility.

Yield and population density results are produced for the current and for future potato crops in the rotation and are represented graphically(see Fig. 8a and 8b).  The effects of changes in rotation length, cultivar, and nematicide can be tested interactively and at will.

4.4.5   Cropping strategies
In both the 'single' and 'multiple' cropping strategies it is assumed that the wPCN population is unaffected by non-host crops, not unreasonable as G. pallida has a very narrow host range.  Whilst the 'Single' strategy may be unrealistic from a practical perspective, it provides a powerful tool for exploring the effects over several rotations of changes in a single factor, such as rotation length (Fig. 8). 

The 'multiple' strategy is more versatile as the tolerance and resistance of the cultivar of each potato crop can be altered along with the nematicide treatment and rotation length.  Fig. 9 shows the effect of a cropping system, starting with intolerant susceptible Maris Piper on a four-year rotation alternating with partially resistant Sante with a nematicide on an eight-year rotation.
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4.4.6   Integrated Control
With integrated control, all the above parameters can be used (where applicable) to investigate the consequences of a decision. Any changes to a control measure results in the immediate updating of the results, both in the graphical display and the text box displays.

4.5  Implications of the SCRI-PCN model for management of PCN and G. pallida in particular (v)

Currently, the SCRI-PCN model is an interactive tool, invaluable as an aid to demonstrating the problems of managing G. pallida e.g. it allows rotation length and rates of PCN decline to be varied along with different levels of effectiveness of nematicides.  Examples of some important conclusions derived from using it in this way are given below.

4.5.1   Colonisation

PCN originally came from S. America and it has been spread, largely by farming, throughout the UK.  It is still spreading and, as already discussed, G. pallida has replaced G. rostochiensis throughout much of the UK.  Each new infestation is a consequence of the introduction of cysts from another field.  Where, and how long it takes for PCN to be detected, depends on many factors including the method of introduction.  If it was introduced with infected seed tubers, the initial inoculum is likely to have been large and well distributed.  If it was from soil on a tractor wheel, it is likely to be initially localised.  

If it is assumed that only 1 cyst was introduced, and detection is based on the current widespread practice of testing only a 100g sub sample of soil, it is clear from Fig.10 that several potato crops are needed to increase the population to detectable levels.  It is assumed that after a 5 year rotational gap the threshold for detection is 1 egg/g soil (i.e. that there will be an average of 100 eggs per cyst and that a 100 g sub sample of soil was used for cyst extraction).  It should be noted that 1 egg/g potentially represents a huge population of ca. 3000,000,000 eggs/ha. 
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Fig.10.  Increase of PCN starting with the introduction of 1 cyst and a 6 year rotation of cv. Maris Piper.
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There are two important conclusions from the above.  

1) If one field on a farm is PCN infested, then it is likely that cysts have been inadvertently introduced to all the other fields because of the movement of soil on machinery. 

2)  For detection, the test will be more sensitive if i) the field is sampled immediately after the potato harvest (when the new cysts will tend to be concentrated in the row at the soil surface), and ii) for the laboratory to process the largest sample with which they can cope. 
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4.5.2 Rotational control
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The effectiveness of rotation as a means of managing PCN depends on i) rate of PCN decline in the years between potato crops, and ii) the number of years between potato crops.  However, whether rotation alone will control PCN is also influenced by the rate of population increase when potatoes are grown.  The SCRI-PCN model demonstrates (Fig. 11) that an 8 year rotation in a peaty loam soil growing cv. Maris Piper will result in progressive increase in G. pallida to levels where potato yields are uneconomic. 

Fig. 11.  Progressive increase in G. pallida in an 8 year rotation on cv. Maris Piper grown at a peaty loam site.  Results are shown for 20% and 30% annual decline rates.

Although the rates of population increase were less at the site with a sandy loam soil (a = x30) compared with the peaty loam site (a = x58), an 8 year rotation was still insufficient to prevent increase of G. pallida to levels that would cause damage (Fig. 12).
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Fig. 12.  Increase in a) G. pallida on cv. Maris Piper grown on an 8 year rotation at a sandy loam site (assuming a 20% annual decline between potato crops) and b) effects on yield.
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These simulations strongly indicate that in most potato fields within the UK rotations alone would have to be uneconomically long to control G. pallida.
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4.5.3   Nematicides

Granular and fumigant nematicides are widely used to enable potatoes to grown economically in infested fields.  However, unless exceptionally high levels of control are achieved (i.e. more than 95% 'kill') neither are completely effective at preventing damage and population increase.  The SCRI-PCN model shows that nematicides are more effective at protecting yield than preventing population increase.  This is because for all except small population densities, damage is proportional to the PCN population density (i.e. the smaller the population, the less the damage) but PCN multiplication rate is inversely proportional to the population density (i.e. the smaller the population, the greater the multiplication rate).  This is demonstrated in Fig. 13a for a nematicide applied to a soil with Pi 100 eggs/g soil that was assumed to be 80% effective (i.e. left live 20 eggs/g).  The Pf without the nematicide would have been 570 eggs/g soil compared with 550 eggs/g soil after the nematicide i.e. the population 'rebounds'.  To prevent this 'rebound' requires very high levels of nematicide effectiveness, typically greater than 95% control.
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This leads to two important conclusions:- i)  That single nematicide treatments are generally relatively ineffective at reducing large populations of PCN.  ii)  It is vital to maximize nematicide effectiveness by effective and timely incorporation.   
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In contrast, if the same nematicide was applied to a soil with 20 egg/g soil the populations at harvest would have been 550 and 180 respectively. With a Pi of 1 egg/g soil the corresponding values are 50 and 10 eggs/g respectively. i.e. at low population densities, when the PCN multiplication rate is close to its maximum, an 80% effective nematicide decreases the population at harvest by ca 80% (Fig. 13 b).
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Consequently, nematicides are much more effective as a management tool when applied to very small (i.e. as soon as detected) populations of G. pallida.
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Fig. 13.  Effect of an 80% effective nematicide on the G. pallida population density at harvest (Pf) when applied to a peaty loam soil growing cv. Maris Piper with a Pi of a) 100 eggs/g and b) 20 eggs/g at planting. 
4.5.4   Integrated control

The three main options for integrated control are rotation, nematicides and resistance.  Trap cropping/early lifting has a place in some systems, including organic production.  The SCRI-PCN model will be used to simulate the effectiveness of integrating rotation with 1) a nematicide (Fig. 14) or 2) a partially resistant cultivar (Fig 15) in a peaty loam soil where PCN is generally the most difficult to manage.  

[image: image38.png]Population Trends (eggs/g soil)

Population trends: Sante, 6 year rotation, Treatment=none, Decline=20%, Peaty loam

2005 2010 2015 2020 2025
Date

2030



[image: image39.jpg]NN NN
SN

P

Population Trends (eggs/g soil)
3

e
s wWON

Population Trends Maris Piper alternating with partially resistant Sante - sandy loam

Maris Piper Maris Piper.

2005 2010 2015 2020 2025 2030
Date




1)  Rotation with and without a nematicide.

A 6-year rotation growing cv. Maris Piper is widespread in eastern England. Such a rotation is simulated with an expected yield of 50 t/ha, and with or without an 80% effective granular nematicide being applied to every crop.  The G. pallida population density at the start of the simulation was assumed to decline by 20% each rotational year.  After 5 rotational cycles (30 years) without a nematicide the PCN population density was 150 eggs/g (Fig. 14a) and yields were 14.5 t/ha (Fig. 14b).  With regular use of nematicides, the PCN population density was 220 eggs/g soil (Fig. 14c), and yields were 29 t/ha – a reduction of 20 t/ha (Fig.14d).  Growing a very tolerant cultivar e.g. Cara with a nematicide resulted in a population of 330 eggs/g after 5 cycles.  With Maris Piper, rotation length has to be increased to 12 years before nematicide treated potatoes could be grown without a yield reduction.  Alternatively, if rotation length was to remain at 6 years, for production to remain sustainable, the annual decline rate had to 40%, or if the decline rate remained at 20%, nematicide efficiency had to be increased to 94% control. 

If the soil is changed to a sandy loam, after 5 rotations, PCN populations are 57 and 48 eggs/g soil and yields are 11 and 31 t/ha respectively for untreated and nematicide treated crops.  Rotation length has to be increased to 12 years for sustainable production of nematicide treated potatoes.


As neither 40% decline rates, or 94% effective nematicides are realistic values for most situations, it is clear that a 6 year rotation with routine use of nematicides is not sustainable.  Rotation length has to be doubled before production is sustainable.  
As most of the PCN management strategies are not sustainable, it is not surprising that G .pallida is progressively increasing in both distribution and population density.  However, this increase occurs only slowly over several cropping cycles and, consequently, is not immediately apparent. 

2)  Fumigant and granular nematicides, and trap cropping.

The effects of fumigant and granular nematicides are additive.  Fumigants kill the dormant eggs in the cyst and decrease the inoculum density.  Trap cropping has an analogous effect in that it hatches a proportion of the PCN population, but these are unable to reproduce.  Both techniques can decrease populations by at least 80%, but their effectiveness is influenced by various factors. The effects of granular nematicides are additive because they mainly affect the hatched juveniles by decreasing their ability to find and invade the potato roots.  Consequently, fumigant nematicides, or trap cropping, are means of reducing high populations whose effect must then be reinforced by applying a granular nematicide at planting.  Simulating the use of a fumigant nematicide or trap cropping, plus a granular nematicide, all giving 80% control, prior to each and every potato crop suggests that sustainable production might be possible (at a cost!) with rotation lengths as little as 5 years. 


Fumigant nematicides are a means, in conjunction with other measures, of managing large populations of PCN.  Trap cropping can have an analogous effect. 

3)  Complete resistance.

Growing cultivars such as Maris Piper that have major gene resistance to the yellow PCN (G. rostochiensis) potentially has two major effects.   Firstly, any G. rostochiensis present is prevented from reproducing and its population density is decreased by 80 to 90% (depending on the percentage of eggs hatched).  Secondly, any G. pallida present is increased without competition from the G. rostochiensis.  This has been the major factor leading to the current G. pallida epidemic.  

Fumigant nematicides and completely resistant cultivars have additive effects on the population density of G. rostochiensis.  The effect of a granular nematicide is not additive as both the nematicide and the resistance are controlling the same nematode (i.e. the hatched juvenile).  However, granular nematicides will control any G. pallida present, and help to protect the crop from damage by both species.

4)  Partial resistance

Simulating growing cv. Sante  (resistance level 3; female numbers decreased by 75%) in the same scenario as 1) above (6 year rotation, 20% decline, without a nematicide) showed that partial resistance alone is not sufficient to control PCN.  After 5 rotations, the PCN population density had increased from 10 to 72 eggs/g soil (Fig. 15a), and yield had decreased from a potential of 50 to 30 t/ha (Fig. 15 b).  Between 90 and 95% resistance was required to reduce PCN in a 6 year rotation.  Whether the resistance is produced by conventional, or transgenic means does not affect the analysis given above.


Fig. 15.  Effect of growing partially resistant cv. Sante on a) the population density of G. pallida and b) yield.

5)  Partial resistance and granular nematicides

Applying a granular nematicide (80% effective) to each crop of partially resistant potatoes in a 6 year rotation almost completely suppresses PCN multiplication and provides sustainable control.  This is because the effects of rotation, partial resistance and of granular nematicides are all additive.  This is because the rotation reduces the inoculum density, the granular nematicide reduces the proportion of hatched juveniles that invade, and partial resistance decreases the proportion of invading juveniles that becoming female.   


Partial resistance combined with rotation and a granular nematicide are potentially able to provide sustainable control.  There is, therefore, an urgent need for more commercially acceptable partially resistant cultivars.  

6)  Variations in virulence
It is important to try and avoid past mistakes, especially too frequent growing of (partially) resistant cultivars leading to selection for, and increase of virulent pathotypes.  Experiments in pots have shown that selection for increased virulence does occur, but it is slow and variable.  This is partly because the virulence of field populations of G. pallida is variable.  These variations can, occasionally, be very large.  The G. pallida at the sandy loam site was almost completely virulent on cv. Sante and on several other clones with resistance derived from Solanum vernei.  Hence, at this site there was little difference between Maris Piper and Sante.

Alternating resistant cultivars with susceptible is an option, but an 8 year rotation is required to sustain control (Fig. 16).  Because the population increases when susceptible Maris Piper is grown, even better would be to alternate the type of resistance in the potatoes being grown.  Resistance to G. pallida has also been found in S. andigena and it is generally more effective than that from S. vernei, and selection for virulence against one source of resistance has not increased virulence on the other  (Phillips, unpublished results).


To prolong their effectiveness, partially resistant cultivars should be alternated. 



Fig. 16.  Effects of alternating partially resistant cv. Sante with susceptible cv. Maris Piper in a 6 year rotation with a granular nematicide applied to every potato crop. 

5  Discussion and Conclusions

5.1 G. pallida - an epidemic in progress

The recent survey by Minnis et al. (2000) supports the prediction in the 1970's by nematologists that the repeated growing of Maris Piper and similar resistant potato cultivars would result in increased incidence and distribution of G. pallida.   The SCRI-PCN model demonstrates the long time-scale (more than 40 years) to be expected for the development a "full-blown" epidemic, so it is reasonable to suppose that the problem will continue to increase.  It is clear that recent changes in husbandry and production methods, and the way the industry is organised have, and continue to provide increased opportunities for PCN to be spread by the movement of machinery.  

The SCRI-PCN model also demonstrates the inadequacy of current PCN management practices, with the result that, once introduced, population densities of G. pallida will progressively increase until potato production is no longer sustainable, even with regular use of granular nematicides.   

There are two sides to the increase in G. pallida population densities:– 1)  increased PCN multiplication rates due to changes in husbandry, and 2)  poorer control of PCN.  

1)  Improved soil conditions at planting associated with modern husbandry techniques have probably favoured increased juvenile invasion, and hence increased the maximum multiplication rate (a).  Better husbandry has undoubtedly increased yields, providing more roots on which the PCN can reproduce – thereby increasing the equilibrium density (M).  The introduction of vigorous cultivars, especially Cara, gave additional impetuous to these changes.

2)  Control of G. pallida is perceived by many to be less effective than it was for G. rostochiensis.  There are probably three main reasons for this.  i) The most important is the lack of commercially acceptable, partially resistant cultivars.  Given the difficulties of producing cultivars resistant to G. pallida, it is clear that too high levels of resistance were asked for, the best source of resistance was relatively neglected, and breeding for resistance to G. pallida by conventional means was given insufficient priority (except by Caithness Breeders). Even when cultivars with potential were bred, some were not commercialised because the threat posed by G. pallida was underestimated.  Most notably cv. Glenna (bred at SCRI from S. vernei), that combined commercial potential with both exceptional resistance and tolerance, was abandoned because its leaves displayed mild, "virus-like" symptoms, complicating certification. The SCRI-PCN model demonstrates that even relatively low levels of resistance (75% resistance or less) are valuable when combined with a granular nematicide.  Breeding should have concentrated on resistance from S. tuberosum ssp. andigena CPC 2802, a tetraploid, land-race potato variety, rather than on S. vernei, a diploid, wild and poisonous weed.  Equally, although money spent on breeding for transgenic resistance produced interesting science, it seems unlikely to yield commercial cultivars able to be grown in the near future in the UK.

ii) The second most important factor are changes in methods of applying and incorporating granular nematicides, and the volumes of soil treated.  The SCRI-PCN model demonstrates the high levels of control (ca. 95%) required to sustainably control G. pallida without the need for excessively long rotations.  In general, nematicides have been applied to control damage to the current potato crop, rather than as part of a long-term management strategy.  The SCRI-PCN model shows that granular nematicides alone are not an effective tool for reducing high PCN populations, and their use may favour increased problems for the next potato crop in the rotation.  The results clearly emphasises that long-term management of soil health (i.e. keeping G. pallida populations small) is now the priority, and provide a strong argument for a strategy of applying a granular nematicide as soon as G. pallida is detected.

iii) The third factor may be changes in decline rates, and other biological changes/differences, between G. pallida and G. rostochiensis.  The SCRI-PCN model shows that rates of PCN decline (in the years when potatoes are not grown) are the crucial factor determining the effectiveness of rotation.  PCN is very adaptable, and probably continuously adapts to changes in rotation length.  Slower hatch of G. pallida has also been proposed, allowing more juveniles to escape the effects of granular nematicides, but accelerated nematicide degradation, due to the action of soil micro-organisms may be an even more important factor on some farms.

5.2  Limitations to the SCRI-PCN model as an aid to the integrated management of G. pallida
Our vision, and main objective was to produce an interactive, computer-based programme that would enable each potato grower to explore for him/herself the consequences of different potato production systems for PCN populations and associated yield losses.  Because of the long time-scale, it was essential that the programme could model changes in PCN populations over several rotations, and could incorporate the effects of all the available control measures.  This has been achieved, and the model has proved to be a superb means of demonstrating, at meetings (see section 8), the difficulties of managing G. pallida.  In particular, it is possible explore the complex interactions that occur between PCN and different factors, and demonstrate the importance of understanding the role of PCN population density in all these interactions.  

However, as development of the model progressed, it became clear that we had under estimated the difficulties of achieving our goal.  These difficulties are largely due to lack of relevant information and are briefly discussed below.

5.2.1  Lack of information on rates of PCN decline

Rates of PCN decline appear to be variable, but the reasons for variation are not clear.  Numbers of ground-keepers, and their vigor, must be a factor.  To use the SCRI-PCN model requires a measure of the rates of decline that apply to each field/farm and, currently, this is unknown.

5.2.2  Lack of information on the effectiveness of nematicide treatments at controlling PCN population increase
Modelling the effects of granular nematicides on the long-term management of G. pallida requires an estimate of the effectiveness of the nematicide in limiting PCN increase.  Currently, this information is not collected by growers, and we have little idea of the variations in effectiveness, or the main reasons for such variations.

5.2.3  Lack of information on species composition and variations in virulence
It is necessary to know the species of PCN present, and this has often not been determined.  Minnis et al. (2000) reported that 25% of the infestations they detected were a mixture of the two PCN species.  If partially resistant cultivars are to be grown then, as for nematicides, an estimate of their effectiveness (which partly determined by the virulence of the PCN) is required, and this is also lacking.  

5.2.4  Lack of potato damage and nematode multiplication information
Rates of damage vary due cultivar and soil/site effects.  Information on cultivar effects, which remained constant across sites, will often be available, but site/soil type effects have to be measured.  The additional parameters important for modelling PCN multiplication are an estimate of the maximum multiplication rate (a) and the equilibrium density (M).  These can only be determined by regression analysis which requires i) data on multiplication rates for a range of Pi values, and ii) accurate Pi and Pf data.  

5.2.5  Lack of accurate Pi data, and lack of Pf data. 

The errors associated with accurately determining PCN population density are considered in detail in the Appendix.  However, it is clear that current estimates of Pi are inadequate for use in the SCRI-PCN model because of the large areas being sampled (up to 4 ha), the need to sub sample from the large bulk of soil collected (up to 4 kg), and the small size of the sample (typically 100g) processed for PCN. 

There is generally a lack of Pf data because fields are not re-sampled until just prior to the next potato crop.  Consequently, neither Pf, nor decline rates can be estimated.

5.3  The Future - Overcoming the limitations

To overcome the limitation listed above, several farm trials are planned for 2001.

Essentially, these trials aim to obtain accurate information on PCN population dynamics and yield loss relationships by intensively sampling small, paired plots, one of which is nematicide treated and the other untreated.  The whole sample taken will be processed, and will be as large as is practical.  It is proposed that there will be ca. 10 such paired plots distributed across a Pi gradient.  Prior to determining the Pf the plots will be thoroughly cultivated to mix the cysts and soil.  Decline rates will be determined by returning to the untreated plots in future years. However, it remains to be determined whether variations in soil fertility will swamp the effects of the PCN, and also affect multiplication rates. 
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7.  Achievement of project milestones and deliverables

The majority of the milestones identified at the start of the project have been achieved, and many new ones added e.g. analysis of sampling strategies.  Not achieved was the development of systems for record keeping, but this was seen as a low priority compared with devising a strategy for overcoming the practical limitations to grower use of the model. 

8 Summary of technology transfer and project deliverables
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10 March 
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MJE - Martin Elliott; JMM – James McNicol; MSP – Mark Phillips: DLT – David Trudgill

*  Associated with farm visits
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Fig. 7 b,c & d. The different charts : b) yield and nematode predictions, c) population trends and d) yield trends for a given input.
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Fig. 9 Population trends for susceptible intolerant cv. Maris Piper on a four year rotation alternating with tolerant partially resistant cv. Sante with nematicide (80% effective) on an 8 year rotation.





Figure 8.a) Increase in population over 5 crops of a susceptible potato variety planted every 4 years with an initial population density of 0.001 eggs per gram soil and b) the corresponding yield responses. The line joining the figures together is the trend line at planting, in 2005, the pre-planting population is still below 0.01 whereas for the next crop, the pre-planting population is 0.3 eggs/g soil.
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Fig. 14 Illustration of rotation with and without a granular nematicide on a peaty loam soil with cv. Maris Piper in a 6-year rotation.
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		49.55		13.25		15.14

		44.06		15.39		16.32

		28.42		25.6		20.98

		92.54		15.75		9.66

		35.09		20.23		18.7

		24.36		27.39		22.66

		87.35		12.53		10.1

		48.91		16.29		15.27

		33.8		21.48		19.1

		46.46		23.63		15.78

		68.07		6.09		12.17

		26.54		24.16		21.72

		43.56		17.9		16.43

		48.12		18.08		15.43

		51.62		13.25		14.74

		avpi		yield		yfits

		14.78		15.04		22.42		Sante

		30.87		10.02		14.34

		34		11.28		13.4

		44.14		6.44		11.05

		120.08		3.94		4.78

		37.18		13.96		12.56

		80.46		1.79		6.79

		48.65		6.44		10.25

		32.18		6.8		13.93

		11.08		25.78		25.75

		73.44		3.76		7.34

		39.55		12.35		12

		42.8		14.86		11.31

		19.21		23.63		19.4

		26.56		13.43		15.87

		49.55		10.02		10.11

		44.06		11.99		11.07

		28.42		26.31		15.17

		92.54		8.77		6.02

		35.09		10.02		13.1

		24.36		21.12		16.79

		87.35		3.4		6.33

		48.91		12.53		10.21

		33.8		18.8		13.45

		46.46		8.95		10.63

		68.07		6.09		7.82

		26.54		19.51		15.88

		43.56		20.59		11.16

		48.12		13.43		10.34

		51.62		3.22		9.79

		avpi		yield		yfits

		14.78		17.54		24.31		Glenna

		30.87		15.04		20.8

		34		14.32		20.23

		44.14		9.49		18.58

		120.08		7.7		11.55

		37.18		23.09		19.68

		80.46		8.95		14.39

		48.65		14.32		17.93

		32.18		19.69		20.55

		11.08		22.91		25.29

		73.44		16.83		15.04

		39.55		25.06		19.29

		42.8		19.51		18.78

		19.21		21.84		23.23

		26.56		20.94		21.63

		49.55		16.11		17.81

		44.06		22.2		18.59

		28.42		27.57		21.26

		92.54		12.71		13.38

		35.09		21.48		20.04

		24.36		26.31		22.09

		87.35		8.23		13.8

		48.91		23.27		17.9

		33.8		24.52		20.26

		46.46		28.46		18.24

		68.07		14.5		15.59

		26.54		22.55		21.64

		43.56		22.73		18.67

		48.12		18.8		18.01

		51.62		17.36		17.53

		avpi		yield		yfits

		14.78		3.76		5.074		c12380

		30.87		3.04		4.323

		34		2.51		4.202

		44.14		3.22		3.853

		120.08		2.15		2.376

		37.18		3.94		4.086

		80.46		1.79		2.97

		48.65		1.79		3.716

		32.18		5.55		4.272

		11.08		6.8		5.284

		73.44		4.3		3.108

		39.55		4.83		4.004

		42.8		5.01		3.896

		19.21		3.4		4.842

		26.56		3.22		4.502

		49.55		2.69		3.69

		44.06		4.83		3.856

		28.42		4.12		4.423

		92.54		2.86		2.759

		35.09		5.55		4.162

		24.36		4.3		4.599

		87.35		2.69		2.846

		48.91		3.22		3.709

		33.8		4.48		4.21

		46.46		3.04		3.781

		68.07		3.22		3.222

		26.54		6.98		4.503

		43.56		3.94		3.872

		48.12		6.27		3.732

		51.62		3.94		3.631





LuffYield data
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Tolerance differences
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Nocton Yield data
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Soil Differences
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Multiplication rates
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Multi rates - restrict Pi

		avpi		Maris Piper		Maris Piper		Glenna		Glenna

		11.08		29.53		30.69		22.91		25.29

		14.78		23.99		27.93		17.54		24.31

		19.21		27.75		25.21		21.84		23.23

		24.36		27.39		22.66		26.31		22.09

		26.54		24.16		21.72		22.55		21.64

		26.56		20.05		21.71		20.94		21.63

		28.42		25.6		20.98		27.57		21.26

		30.87		18.62		20.08		15.04		20.8

		32.18		21.66		19.63		19.69		20.55

		33.8		21.48		19.1		24.52		20.26

		34		18.26		19.04		14.32		20.23

		35.09		20.23		18.7		21.48		20.04

		37.18		17.72		18.08		23.09		19.68

		39.55		14.32		17.43		25.06		19.29

		42.8		8.77		16.61		19.51		18.78

		43.56		17.9		16.43		22.73		18.67

		44.06		15.39		16.32		22.2		18.59

		44.14		11.64		16.3		9.49		18.58

		46.46		23.63		15.78		28.46		18.24

		48.12		18.08		15.43		18.8		18.01

		48.65		11.81		15.32		14.32		17.93

		48.91		16.29		15.27		23.27		17.9

		49.55		13.25		15.14		16.11		17.81

		51.62		13.25		14.74		17.36		17.53

		68.07		6.09		12.17		14.5		15.59

		73.44		12.17		11.51		16.83		15.04

		80.46		5.19		10.76		8.95		14.39

		87.35		12.53		10.1		8.23		13.8

		92.54		15.75		9.66		12.71		13.38

		120		9.85		7.85		7.7		11.55





Multi rates - restrict Pi
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colonise

		avpi		yield		yfits

		20.09		40.14		53.89		Maris Piper

		94.35		34.98		27.12

		61.16		35.43		34.86

		68.04		28.93		32.92

		26.17		59.52		49.86

		58.92		39.33		35.55

		21.87		62.88		52.65

		13.76		50.28		58.84

		30.5		50.5		47.34

		19.47		52.25		54.34

		28.56		47.27		48.44

		40		34.13		42.61

		19.7		55.03		54.17

		30.34		46.82		47.43

		161.55		22.74		18.71

		18.51		62.03		55.04

		39.7		25.16		42.75

		80.49		27.67		29.9

		56.02		37.27		36.48

		32.73		56.18		46.14

		20.96		47.94		53.28

		28.91		54.09		48.24

		96.98		21.3		26.66

		47.99		39.87		39.31

		20.62		52.92		53.51

		37.91		42.2		43.57

		59.11		41.44		35.49

		20.51		59.2		53.59

		26.25		51.98		49.81

		104.96		17.98		25.33

		20.09		52.03		61.9		Morag

		94.35		38.35		40.67

		61.16		64.58		48.03

		68.04		35.88		46.3

		26.17		74.32		59.36

		58.92		50.99		48.63

		21.87		63.15		61.13

		13.76		64.99		64.78

		30.5		42.61		57.67

		19.47		61.76		62.16

		28.56		70.86		58.42

		40		39.42		54.3

		19.7		56.82		62.06

		30.34		48.75		57.74

		161.55		21.26		31.04

		18.51		67.05		62.59

		39.7		59.02		54.4

		80.49		65.48		43.46

		56.02		54.54		49.42

		32.73		51.22		56.85

		20.96		63.51		61.52

		28.91		65.12		58.28

		96.98		45.84		40.19

		47.99		54.36		51.75

		20.62		58.08		61.66

		37.91		60.28		55.01

		59.11		38.44		48.58

		20.51		65.48		61.71

		26.25		54.09		59.33

		104.96		27.76		38.78

		20.09		53.37		55.16		Sante

		94.35		30.05		37.63

		61.16		60.32		43.86

		68.04		48.66		42.4

		26.17		63.82		53.13

		58.92		50.9		44.35

		21.87		56.82		54.55

		13.76		56.33		57.44

		30.5		50.37		51.78

		19.47		54.36		55.38

		28.56		30.36		52.38

		40		58.13		49.03

		19.7		50.59		55.3

		30.34		34.4		51.83

		161.55		28.57		29.22

		18.51		68.75		55.71

		39.7		42.79		49.12

		80.49		35.03		40

		56.02		48.48		45.01

		32.73		54.18		51.11

		20.96		44.4		54.86

		28.91		72.34		52.27

		96.98		49.51		37.21

		47.99		44.04		46.94

		20.62		51.71		54.98

		37.91		31.62		49.61

		59.11		30.86		44.31

		20.51		57.23		55.02

		26.25		70.82		53.11

		104.96		29.82		35.99

		20.09		59.2		50.16		Glenna

		94.35		20.86		35.24

		61.16		50.46		40.64

		68.04		37.9		39.39

		26.17		54.99		48.48

		58.92		47.23		41.07

		21.87		50.28		49.66

		13.76		47.81		52.04

		30.5		37.76		47.35

		19.47		45.43		50.34

		28.56		48.35		47.85

		40		38.87		45.05

		19.7		48.03		50.27

		30.34		40.68		47.39

		161.55		36.19		27.76

		18.51		47.59		50.62

		39.7		52.25		45.12

		80.49		37.14		37.31

		56.02		55.16		41.63

		32.73		38.71		46.79

		20.96		51.53		49.91

		28.91		51.67		47.76

		96.98		37.85		34.87

		47.99		33.14		43.28

		20.62		53.6		50.01

		37.91		56.64		45.53

		59.11		34.04		41.03

		20.51		50.55		50.04

		26.25		49.87		48.46

		104.96		25.34		33.8

		20.09		32.07		28.66		c12380

		94.35		22.2		15.15

		61.16		27.58		19.19

		68.04		15.47		18.19

		26.17		33.64		26.71

		58.92		15.38		19.54

		21.87		20.18		28.06

		13.76		34.35		31.02

		30.5		17.76		25.48

		19.47		39.24		28.88

		28.56		18.07		26.02

		40		25.7		23.13

		19.7		25.92		28.8

		30.34		35.03		25.52

		161.55		8.16		10.62

		18.51		29.56		29.22

		39.7		23.23		23.2

		80.49		20.74		16.61

		56.02		19.78		20.02

		32.73		32.38		24.88

		20.96		24.13		28.37

		28.91		25.52		25.92

		96.98		13.68		14.9

		47.99		14.53		21.47

		20.62		21.66		28.48

		37.91		12.69		23.61

		59.11		11.71		19.51

		20.51		24.76		28.52

		26.25		37.54		26.69

		104.96		18.97		14.19



Figure 3 End of project report

Yield data taken from Nocton Yield Data file. Here to compare tolerance differences between sites
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		avpi N		Maris Piper (peaty loam)		Peaty loam		Maris Piper (Sandy loam)		Sandy loam

		13.76		50.28		58.84

		18.51		62.03		55.04

		19.47		52.25		54.34

		19.7		55.03		54.17

		20.09		40.14		53.89

		20.51		59.2		53.59

		20.62		52.92		53.51

		20.96		47.94		53.28

		21.87		62.88		52.65

		26.17		59.52		49.86

		26.25		51.98		49.81

		28.56		47.27		48.44

		28.91		54.09		48.24

		30.34		46.82		47.43

		30.5		50.5		47.34

		32.73		56.18		46.14

		37.91		42.2		43.57

		39.7		25.16		42.75

		40		34.13		42.61

		47.99		39.87		39.31

		56.02		37.27		36.48

		58.92		39.33		35.55

		59.11		41.44		35.49

		61.16		35.43		34.86

		68.04		28.93		32.92

		80.49		27.67		29.9

		94.35		34.98		27.12

		96.98		21.3		26.66

		104.96		17.98		25.33

		161.55		22.74		18.71

		11.08						29.53		30.69

		14.78						23.99		27.93

		19.21						27.75		25.21

		24.36						27.39		22.66

		26.54						24.16		21.72

		26.56						20.05		21.71

		28.42						25.6		20.98

		30.87						18.62		20.08

		32.18						21.66		19.63

		33.8						21.48		19.1

		34						18.26		19.04

		35.09						20.23		18.7

		37.18						17.72		18.08

		39.55						14.32		17.43

		42.8						8.77		16.61

		43.56						17.9		16.43

		44.06						15.39		16.32

		44.14						11.64		16.3

		46.46						23.63		15.78

		48.12						18.08		15.43

		48.65						11.81		15.32

		48.91						16.29		15.27

		49.55						13.25		15.14

		51.62						13.25		14.74

		68.07						6.09		12.17

		73.44						12.17		11.51

		80.46						5.19		10.76

		87.35						12.53		10.1

		92.54						15.75		9.66

		120						9.85		7.85
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Maris Piper (peaty loam)

Peaty loam

Maris Piper (Sandy loam)

Sandy loam

Population at planting (Pi)

Yield (t/ha)
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		Pi		Maris Piper		Cara		Sante

		Pi		Maris Piper		Cara		Sante		Little Pi		Maris Piper		Cara		Sante		x1

		0.1		3.068422415		3.082730661		0.776991571		0.1		30.68422415		30.82730661		7.76991571		1

		1		28.49077508		29.79733887		7.412922585		1		28.49077508		29.79733887		7.412922585		1

		2		52.6737699		57.41675563		14.08978725		6		26.33688495		28.708377815		7.044893625		1

		3		73.30123037		83.02237456		20.112237		11		24.4337434567		27.6741248533		6.704079		1

		4		90.96822981		106.7643527		25.55129517		16		22.7420574525		26.691088175		6.3878237925		1

		5		106.1509691		128.7802402		30.46897873		21		21.23019382		25.75604804		6.093795746		1

		6		119.234489		149.1961895		34.91963092		26		19.8724148333		24.8660315833		5.8199384867		1

		7		130.5330428		168.1280333		38.95102802		31		18.6475775429		24.0182904714		5.5644325743		1

		8		140.3052906		185.6822466		42.60530324		36		17.538161325		23.210280825		5.325662905		1

		9		148.7657807		201.9568067		45.91972181		41		16.5295311889		22.4396451889		5.1021913122		1

		10		156.0937285		217.041964		48.92733415		46		15.60937285		21.7041964		4.892733415		1

		11		162.4398033		231.0209332		51.65752872		51		14.7672548455		21.0019030182		4.6961389745		1

		12		167.9314278		243.9705145		54.1365019		56		13.99428565		20.3308762083		4.5113751583		1

		13		172.6769545		255.9616532		56.38765887		61		13.2828426538		19.6893579385		4.3375122208		1

		14		176.7689855		267.0599436		58.43195691		66		12.6263561071		19.0757102571		4.1737112079		1

		15		180.2870321		277.3260842		60.28820052		71		12.0191354733		18.4884056133		4.019213368		1

		16		183.2996618		286.8162888		61.97329577		76		11.4562288625		17.92601805		3.8733309856		1

		17		185.8662424		295.5826592		63.50247045		81		10.9333083765		17.3872152471		3.7354394382		1

		18		188.0383697		303.6735227		64.88946499		86		10.4465760944		16.8707512611		3.6049702772		1

		19		189.8610413		311.1337385		66.14669872		91		9.9926863842		16.3754599211		3.4814051958		1

		20		191.3736285		318.0049758		67.28541481		96		9.568681425		15.90024879		3.3642707405		1

		21		192.6106845		324.3259672		68.31580724		101		9.1719373571		15.4440936762		3.2531336781		1

		22		193.6026209		330.1327398		69.24713208		106		8.8001191318		15.0060336273		3.1475969127		1

		23		194.3762747		335.4588246		70.08780537		111		8.4511423783		14.585166287		3.0472958857		1

		24		194.9553883		340.3354496		70.84548944		116		8.1231411792		14.1806437333		2.9518953933		1

		25		195.3610147		344.7917145		71.52716906		121		7.814440588		13.79166858		2.8610867624		1

		26		195.6118636		348.8547513		72.139219		126		7.5235332154		13.4174904346		2.7745853462		1

		27		195.7245959		352.5498718		72.68746382		131		7.2490591074		13.0574026593		2.6921282896		1

		28		195.7140766		355.9007017		73.17723113		136		6.98978845		12.7107393464		2.6134725404		1

		29		195.5935924		358.9293044		73.61339895		141		6.7446066345		12.3768725655		2.5383930672		1

		30		195.3750391		361.6562946		74.00043804		146		6.5125013033		12.05520982		2.466681268		1

		31		195.0690839		364.1009427		74.34244966		151		6.2925510935		11.7451917		2.3981435374		1

		32		194.6853064		366.2812704		74.64319942		156		6.083915825		11.4462897		2.3325999819		1

		33		194.2323213		368.2141391		74.90614765		161		5.8858279182		11.1580042152		2.2698832621		1

		34		193.7178852		369.9153319		75.13447668		166		5.6975848588		10.8798627029		2.2098375494		1

		35		193.1489907		371.3996279		75.33111532		171		5.5185425914		10.61141794		2.1523175806		1

		36		192.5319482		372.6808718		75.49876103		176		5.3481096722		10.3522464389		2.0971878064		1

		37		191.8724581		373.772038		75.6398998		181		5.1857421108		10.101946973		2.0443216162		1

		38		191.1756749		374.6852896		75.75682423		186		5.0309388132		9.8601392		1.9936006376		1

		39		190.4462629		375.4320334		75.8516498		191		4.8832375103		9.6264623949		1.9449140974		1

		40		189.6884464		376.0229698		75.92632964		196		4.74221116		9.400574245		1.898158241		1

		41		188.9060537		376.4681407		75.98266797		201		4.6074647244		9.1821497732		1.8532358041		1

		42		188.1025559		376.7769723		76.02233222		206		4.4786322833		8.9708802929		1.810055529		1

		43		187.2811024		376.9583154		76.04686411		211		4.3553744744		8.7664724512		1.7685317235		1

		44		186.4445517		377.0204835		76.05768974		216		4.237376175		8.5686473523		1.7285838577		1

		45		185.5954991		376.9712866		76.05612875				4.1243444244		8.3771397022		1.6901361944		1

		46		184.7363017		376.8180642		76.0434027				4.0160065587		8.1916970478		1.65311745		1

		47		183.8691007		376.5677153		76.02064272				3.9121085255		8.0120790489		1.6174604834		1

		48		182.9958413		376.2267257		75.9888965				3.8124133604		7.8380567854		1.5831020104		1

		49		182.1182906		375.8011949		75.94913465				3.7166998082		7.6694121408		1.5499823398		1

		50		181.2380538		375.2968594		75.90225664				3.624761076		7.505937188		1.5180451328		1

		51		180.3565888		374.7191162		75.84909608				3.536403702		7.347433651		1.487237178		1

		52		179.4752195		374.073043		75.7904257				3.4514465288		7.1937123654		1.4575081865		1

		53		178.5951473		373.3634183		75.72696187				3.3697197604		7.0445927981		1.4288106013		1

		54		177.717462		372.5947396		75.65936872				3.2910641111		6.8999025852		1.4010994207		1

		55		176.8431517		371.7712405		75.58826202				3.2153300309		6.7594771		1.3743320367		1

		56		175.9731112		370.8969068		75.51421267				3.1423769857		6.62315905		1.3484680834		1

		57		175.1081505		369.9754911		75.43774994				3.0720728158		6.4907980895		1.3234692972		1

		58		174.2490016		369.0105272		75.35936447				3.004293131		6.362250469		1.2992993874		1

		59		173.3963255		368.0053426		75.27951103				2.9389207712		6.2373786881		1.2759239158		1

		60		172.550718		366.9630716		75.19861107				2.8758453		6.1160511933		1.2533101845		1

		61		171.712715		365.8866656		75.11705505				2.814962541		5.998142059		1.231427132		1

		62		170.8827978		364.7789048		75.03520466				2.7561741581		5.8835307226		1.2102452365		1

		63		170.0613977		363.6424079		74.95339477				2.6993872651		5.7721017127		1.1897364249		1

		64		169.2488998		362.4796412		74.87193535				2.6445140594		5.6637443938		1.1698739898		1

		65		168.4456471		361.292928		74.79111317				2.5914714938		5.5583527385		1.1506325103		1

		66		167.6519439		360.0844566		74.71119339				2.5401809682		5.4558251		1.1319877786		1

		67		166.868059		358.8562877		74.63242108				2.4905680448		5.3560639955		1.1139167325		1

		68		166.0942286		357.6103626		74.55502254				2.4425621853		5.2589759206		1.0963973903		1

		69		165.330659		356.3485091		74.47920661				2.3960965072		5.1644711464		1.0794087914		1

		70		164.5775289		355.0724487		74.40516586				2.3511075557		5.0724635529		1.0629309409		1

		71		163.834992		353.7838021		74.33307768				2.3075350986		4.9828704521		1.0469447561		1

		72		163.1031788		352.4840952		74.26310531				2.2653219278		4.8956124333		1.0314320182		1

		73		162.3821983		351.1747644		74.19539878				2.2244136753		4.810613211		1.0163753258		1

		74		161.6721405		349.8571616		74.1300958				2.1847586554		4.7277994811		1.0017580514		1

		75		160.973077		348.5325588		74.06732261				2.1463076933		4.647100784		0.9875643015		1

		76		160.2850633		347.2021528		74.00719472				2.1090139908		4.5684493789		0.9737788779		1

		77		159.6081399		345.8670694		73.94981763				2.0728329857		4.4917801221		0.9603872419		1

		78		158.9423334		344.528367		73.8952875				2.0377222231		4.4170303462		0.9473754808		1

		79		158.2876577		343.1870409		73.84369178				2.0036412367		4.3441397582		0.9347302757		1

		80		157.6441153		341.8440261		73.79510978				1.9705514413		4.2730503262		0.9224388722		1

		81		157.011698		340.5002012		73.74961322				1.9384160247		4.2037061877		0.9104890521		1

		82		156.3903881		339.1563914		73.70726674				1.9071998549		4.1360535537		0.8988691066		1

		83		155.7801588		337.8133712		73.66812834				1.8768693831		4.0700406169		0.8875678113		1

		84		155.1809755		336.4718674		73.63224986				1.8473925655		4.005617469		0.8765744031		1

		85		154.5927962		335.1325616		73.59967738				1.8187387788		3.9427360188		0.8658785574		1

		86		154.0155721		333.7960928		73.57045158				1.7908787453		3.8813499163		0.8554703672		1

		87		153.4492483		332.4630596		73.54460815				1.7637844632		3.8214144782		0.8453403236		1

		88		152.8937647		331.1340224		73.52217807				1.7374291443		3.7628866182		0.8354792962		1

		89		152.3490559		329.8095057		73.50318797				1.7117871449		3.7057247831		0.8258785165		1

		90		151.8150521		328.4899997		73.4876604				1.6868339122		3.6498888856		0.81652956		1

		91		151.2916793		327.1759625		73.47561411				1.6625459264		3.5953402473		0.8074243309		1

		92		150.7788601		325.8678217		73.46706431				1.6389006533		3.5420415402		0.7985550468		1

		93		150.2765136		324.565976		73.46202292				1.6158764903		3.4899567312		0.7899142249		1

		94		149.7845561		323.2707968		73.46049879				1.5934527245		3.4390510298		0.781494668		1

		95		149.3029011		321.98263		73.46249788				1.5716094853		3.3892908421		0.7732894514		1

		96		148.8314602		320.7017969		73.46802354				1.5503277104		3.3406437177		0.7652919119		1

		97		148.3701425		319.4285956		73.47707659				1.5295890979		3.2930783052		0.7574956349		1

		98		147.9188556		318.1633028		73.48965558				1.5093760776		3.2465643143		0.7498944447		1

		99		147.4775055		316.9061743		73.50575691				1.4896717727		3.2010724677		0.742482393		1

		100		147.0459969		315.6574464		73.52537501				1.470459969		3.156574464		0.7352537501		1

		101		146.6242334		314.4173372		73.54850245				1.4517250832		3.1130429426		0.7282029946		1

		102		146.2121177		313.1860472		73.57513009				1.4334521343		3.0704514431		0.7213248048		1

		103		145.8095515		311.9637604		73.60524723				1.4156267136		3.0287743728		0.7146140508		1

		104		145.4164362		310.7506455		73.63884169				1.3982349635		2.987986976		0.7080657855		1

		105		145.0326726		309.5468563		73.67589994				1.3812635486		2.9480652981		0.7016752375		1

		106		144.6581612		308.3525326		73.71640719				1.364699634		2.9089861566		0.6954378037		1

		107		144.2928024		307.1678013		73.76034754				1.3485308636		2.870727115		0.6893490424		1

		108		143.9364963		305.9927768		73.80770397				1.3327453361		2.8332664519		0.6834046664		1

		109		143.5891433		304.8275616		73.85845854				1.3173315899		2.7965831339		0.6776005371		1

		110		143.2506436		303.6722475		73.91259238				1.3022785782		2.7606567955		0.671932658		1

		111		142.920898		302.5269156		73.97008583				1.2875756577		2.7254677081		0.6663971696		1

		112		142.5998071		301.3916371		74.03091845				1.2732125634		2.6909967598		0.6609903433		1

		113		142.2872724		300.2664741		74.09506914				1.2591794018		2.6572254345		0.6557085765		1

		114		141.9831953		299.1514797		74.16251619				1.2454666254		2.6241357868		0.6505483876		1

		115		141.6874782		298.0466988		74.23323731				1.2320650278		2.5917104243		0.6455064114		1

		116		141.4000236		296.9521686		74.3072097				1.2189657207		2.5599324879		0.640579394		1

		117		141.120735		295.8679188		74.38441012				1.2061601282		2.5287856308		0.6357641891		1

		118		140.8495161		294.7939722		74.46481492				1.1936399669		2.4982540017		0.6310577536		1

		119		140.5862718		293.730345		74.54840008				1.181397242		2.4683222269		0.6264571435		1

		120		140.3309072		292.6770473		74.63514126				1.1694242267		2.4389753942		0.6219595105		1

		121		140.0833286		291.6340834		74.72501385				1.1577134595		2.4101990364		0.6175620979		1

		122		139.8434429		290.6014522		74.81799299				1.1462577287		2.3819791164		0.6132622376		1

		123		139.6111578		289.5791474		74.9140536				1.1350500634		2.3543020114		0.6090573463		1

		124		139.3863819		288.5671579		75.01317043				1.124083725		2.3271544992		0.6049449228		1

		125		139.1690247		287.5654681		75.11531809				1.1133521976		2.3005237448		0.6009225447		1

		126		138.9589964		286.5740581		75.22047106				1.1028491778		2.2743972865		0.5969878656		1

		127		138.7562083		285.5929041		75.32860373				1.0925685693		2.2487630244		0.593138612		1

		128		138.5605727		284.6219785		75.43969043				1.0825044742		2.223609207		0.5893725815		1

		129		138.3720025		283.6612502		75.55370544				1.0726511822		2.1989244202		0.5856876391		1

		130		138.1904117		282.7106848		75.670623				1.0630031669		2.1746975754		0.5820817154		1

		131		138.0157155		281.770245		75.79041737				1.0535550802		2.1509179008		0.5785528044		1

		132		137.8478296		280.8398904		75.91306282				1.0443017394		2.1275749273		0.5750989608		1

		133		137.6866711		279.9195782		76.03853365				1.0352381286		2.1046584827		0.5717182981		1

		134		137.5321577		279.0092628		76.1668042				1.0263593858		2.0821586776		0.5684089866		1

		135		137.3842083		278.1088965		76.29784888				1.0176608022		2.0600659		0.565169251		1

		136		137.2427426		277.2184295		76.43164217				1.0091378132		2.0383708051		0.5619973689		1

		137		137.1076816		276.3378098		76.56815867				1.0007859971		2.0170643051		0.5588916691		1

		138		136.9789469		275.4669837		76.70737305				0.9926010645		1.996137563		0.5558505293		1

		139		136.8564612		274.6058957		76.8492601				0.9845788576		1.9755819835		0.5528723748		1

		140		136.7401483		273.7544888		76.99379474				0.976715345		1.9553892057		0.5499556767		1

		141		136.6299327		272.9127044		77.14095203				0.9690066149		1.935551095		0.5470989506		1

		142		136.5257401		272.0804829		77.29070715				0.9614488739		1.9160597387		0.5443007546		1

		143		136.4274971		271.257763		77.44303545				0.9540384413		1.8969074336		0.5415596885		1

		144		136.3351311		270.4444826		77.59791243				0.9467717437		1.8780866847		0.5388743919		1

		145		136.2485707		269.6405785		77.75531376				0.9396453152		1.8595901966		0.5362435432		1

		146		136.1677452		268.8459865		77.91521528				0.932655789		1.8414108664		0.5336658581		1

		147		136.092585		268.0606417		78.07759299				0.925799898		1.8235417803		0.5311400884		1

		148		136.0230214		267.2844784		78.24242309				0.9190744689		1.8059762054		0.5286650209		1

		149		135.9589865		266.5174302		78.40968195				0.9124764195		1.7887075852		0.5262394762		1

		150		135.9004135		265.7594301		78.57934616				0.9060027567		1.771729534		0.5238623077		1

		151		135.8472363		265.0104105		78.75139246				0.8996505715		1.7550358311		0.5215324004		1

		152		135.7993899		264.2703036		78.92579783				0.8934170388		1.7386204184		0.5192486699		1

		153		135.7568099		263.5390409		79.10253942				0.8872994111		1.7224773915		0.5170100616		1

		154		135.7194332		262.8165538		79.2815946				0.8812950208		1.7066009987		0.5148155494		1

		155		135.6871971		262.1027734		79.46294093				0.8754012716		1.6909856348		0.512664135		1

		156		135.6600401		261.3976303		79.64655621				0.8696156417		1.6756258353		0.5105548475		1

		157		135.6379015		260.7010553		79.8324184				0.8639356783		1.6605162758		0.5084867414		1

		158		135.6207213		260.012979		80.02050571				0.8583589956		1.6456517658		0.5064588969		1

		159		135.6084403		259.3333317		80.21079654				0.8528832723		1.6310272434		0.5044704185		1

		160		135.6010005		258.662044		80.40326952				0.8475062531		1.616637775		0.5025204345		1

		161		135.5983442		257.9990461		80.59790349				0.8422257404		1.6024785472		0.5006080962		1

		162		135.6004148		257.3442687		80.79467748				0.8370395975		1.5885448685		0.498732577		1

		163		135.6071565		256.6976423		80.99357077				0.8319457454		1.5748321613		0.4968930722		1

		164		135.6185142		256.0590976		81.19456283				0.8269421598		1.561335961		0.4950887977		1

		165		135.6344335		255.4285653		81.39763335				0.8220268697		1.5480519109		0.49331899		1

		166		135.654861		254.8059766		81.60276224				0.8171979578		1.5349757627		0.4915829051		1

		167		135.6797438		254.1912625		81.80992962				0.8124535557		1.5221033683		0.4898798181		1

		168		135.7090298		253.5843546		82.01911582				0.807791844		1.5094306821		0.4882090227		1

		169		135.7426678		252.9851845		82.2303014				0.8032110521		1.4969537544		0.4865698308		1

		170		135.7806072		252.3936842		82.4434671				0.7987094541		1.4846687306		0.4849615712		1

		171		135.822798		251.809786		82.6585939				0.7942853684		1.472571848		0.4833835901		1

		172		135.8691911		251.2334224		82.87566298				0.7899371576		1.4606594326		0.4818352499		1

		173		135.9197379		250.6645264		83.09465574				0.7856632249		1.4489278983		0.4803159291		1

		174		135.9743908		250.1030313		83.31555376				0.7814620161		1.4373737431		0.4788250216		1

		175		136.0331025		249.5488707		83.53833885				0.7773320143		1.4259935469		0.4773619363		1

		176		136.0958267		249.0019786		83.76299303				0.7732717426		1.4147839693		0.4759260968		1

		177		136.1625174		248.4622895		83.98949851				0.7692797593		1.4037417486		0.4745169407		1

		178		136.2331295		247.9297383		84.2178377				0.7653546601		1.3928636983		0.4731339197		1

		179		136.3076185		247.4042601		84.44799324				0.7614950754		1.3821467045		0.4717764985		1

		180		136.3859405		246.8857908		84.67994794				0.7576996694		1.3715877267		0.4704441552		1

		181		136.4680523		246.3742665		84.91368482				0.7539671398		1.3611837928		0.4691363802		1

		182		136.5539111		245.8696237		85.1491871				0.7502962148		1.3509319984		0.4678526764		1

		183		136.6434748		245.3717995		85.38643818				0.7466856546		1.3408295055		0.4665925584		1

		184		136.7367021		244.8807315		85.62542168				0.7431342505		1.3308735408		0.4653555526		1

		185		136.833552		244.3963577		85.86612138				0.7396408216		1.321061393		0.4641411966		1

		186		136.9339841		243.9186166		86.10852129				0.7362042156		1.3113904118		0.4629490392		1

		187		137.0379588		243.4474472		86.35260556				0.7328233091		1.3018580064		0.4617786394		1

		188		137.1454368		242.9827889		86.59835857				0.7294970043		1.2924616431		0.4606295669		1

		189		137.2563795		242.5245818		86.84576486				0.7262242302		1.2831988455		0.4595014014		1

		190		137.3707488		242.0727663		87.09480915				0.7230039411		1.2740671911		0.4583937324		1

		191		137.4885071		241.6272834		87.34547637				0.7198351157		1.265064311		0.457306159		1

		192		137.6096174		241.1880745		87.5977516				0.7167167573		1.256187888		0.4562382896		1

		193		137.734043		240.7550819		87.8516201				0.7136478912		1.2474356575		0.4551897415		1

		194		137.8617481		240.3282478		88.10706732				0.7106275675		1.238805401		0.4541601408		1

		195		137.9926971		239.9075154		88.36407888				0.7076548569		1.2302949508		0.4531491225		1

		196		138.126855		239.4928282		88.62264056				0.704728852		1.2219021847		0.4521563294		1

		197		138.2641872		239.0841302		88.88273832				0.701848666		1.2136250264		0.4511814128		1

		198		138.4046596		238.6813661		89.14435828				0.6990134323		1.2054614449		0.4502240317		1

		199		138.5482387		238.284481		89.40748674				0.696222305		1.1974094523		0.449283853		1



Figure 4 Soil differences on the same variety, Maris Piper

Figure 5 Relationship between PCN population and PCN multiplication rates for 
a)Maris Piper b) tolerant Cara and c) partially resistant Sante
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Maris Piper

x1

Population at planting (eggs/g soil)

Multiplication rates
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		Pi		Piper		Cara		Sante		x1		Damage Piper		Cara		Sante				h=		-0.1104								MaxM =		900		should be 900

		0.1		3.0684224146		3.082730661		0.7769915706		0.1		0.9939023647		0.9981017464		0.9966744927				cp =		0.1								M Piper		900		900		225

		1		28.4907750834		29.7973388667		7.4129225855		1		0.9421958635		0.9813363195		0.9677113133

		5		106.1509691412		128.7802401914		30.4689787262		5		0.7652560118		0.9131642932		0.8570227563				M_a_rel =		0.03808								a Piper		34.272		34.272		8.568

		10		156.0937285079		217.0419640342		48.9273341456		10		0.6197689716		0.8402045382		0.7498161148				Piper =		1

		15		180.2870321149		277.3260841846		60.2882005162		15		0.520763711		0.7780408405		0.6664487465				Cara		1								s SL		0.2629

		20		191.3736284902		318.0049757649		67.2854148116		20		0.449032777		0.724441995		0.5997646616				Piper =		1								g Piper		62		200

		25		195.3610147127		344.7917144658		71.527169064		25		0.3946701921		0.6777519979		0.5452114403				Cara		1								c Piper		16.2998		52.58

		30		195.3750390834		361.6562946485		74.0004380408		30		0.3520490369		0.6367159118		0.4997548799				Sante r		0.25								c sante		29.9706

		35		193.1489907368		371.399627867		75.3311153243		35		0.3177361315		0.6003653802		0.461294801				g		114

		40		189.6884464441		376.0229698175		75.9263296421		40		0.2895179024		0.56794124		0.4283313277

		45		185.5954990678		376.9712865566		76.0561287487		45		0.2659029883		0.5388399262		0.3997647078

		50		181.2380537738		375.2968594353		75.902256642		50		0.2458499121		0.5125755508		0.3747702281

		55		176.8431516572		371.7712405265		75.5882620191		55		0.2286093369		0.4887525562		0.3527172928

		60		172.5507179849		366.9630715523		75.1986110687		60		0.213628345		0.4670456564		0.3331154844

		65		168.445647058		361.2929280476		74.7911131673		65		0.2004900381		0.4471848954		0.315577663

		70		164.5775289296		355.0724486963		74.4051658611		70		0.1888741341		0.4289443629		0.2997941395

		75		160.9730769779		348.5325588015		74.0673226137		75		0.1785305116		0.4121335633		0.2855142297

		80		157.6441152943		341.8440260512		73.7951097779		80		0.1692609953		0.3965907377		0.2725328406

		85		154.5927961769		335.1325616385		73.5996773778		85		0.1609065368		0.3821776421		0.2606805566

		90		151.8150520636		328.4899997011		73.4876603958		90		0.1533380119		0.3687754243		0.249816205

		95		149.3029011473		321.9826300414		73.4624978838		95		0.1464494995		0.3562813389		0.2398212059

		100		147.0459969474		315.6574463916		73.52537501		100		0.1401532935		0.3446061083		0.2305952269

		105		145.0326725884		309.5468562975		73.6758999364		105		0.134376149		0.3336717858		0.2220528026

		110		143.2506436414		303.6722475008		73.9125923818		110		0.1290564197		0.3234100135		0.2141206796

		115		141.6874782004		298.0466988231		74.2332373053		115		0.1241418494		0.313760592		0.2067357106

		120		140.3309072119		292.6770472692		74.6351412621		120		0.1195878497		0.3046702978		0.1998431693

		125		139.1690246711		287.5654681151		75.1153180884		125		0.1153561435		0.2960919022		0.1933953924

		130		138.1904117279		282.7106848351		75.6706229998		130		0.1114136861		0.2879833498		0.1873506757

		135		137.3842082527		278.1088965034		76.2978488755		135		0.1077318014		0.280307069		0.1816723707

		140		136.7401482614		273.7544887613		76.9937947405		140		0.1042854821		0.2730293904		0.1763281415

		145		136.2485706793		269.6405784541		77.7553137639		145		0.1010528221		0.2661200526		0.171289348

		150		135.9004135127		265.759430097		78.5793461552		150		0.0980145496		0.259551782		0.1665305333

		155		135.6871971033		262.1027733568		79.4629409343		155		0.0951536429		0.2532999326		0.1620289927

		160		135.6010004662		258.6620439644		80.403269523		160		0.0924550113		0.2473421771		0.157764412

		165		135.6344335169		255.428565326		81.3976333495		165		0.0899052288		0.2416582406		0.1537185606

		170		135.7806071511		252.393684184		82.4434671014		170		0.0874923108		0.2362296702		0.1498750316

		175		136.0331025367		249.5488706743		83.5383388482		175		0.0852055256		0.2310396344		0.1462190187

		180		136.3859405471		246.885790818		84.6799479427		180		0.0830352349		0.2260727492		0.1427371261

		185		136.8335519565		244.3963577063		85.8661213848		185		0.080972758		0.2213149255		0.139417204

		190		137.3707487997		242.0727662585		87.0948091527		190		0.0790102559		0.216753236		0.1362482077

		195		137.9926971401		239.9075153616		88.3640788798		195		0.0771406315		0.2123757977		0.1332200741

		200		138.6948913828		237.8934203697		89.6721101549		200		0.0753574437		0.2081716684		0.1303236153

		205		139.4731301867		236.0236182869		91.017188651		205		0.0736548338		0.2041307555		0.1275504255

		210		140.3234939812		234.2915674538		92.3977002301		210		0.0720274609		0.2002437352		0.1248927994

		215		141.2423240533		232.6910431552		93.8121251305		215		0.0704704457		0.1965019807		0.1223436608

		220		142.226203148		231.2161302557		95.2590323118		220		0.068979322		0.192897498		0.1198964998
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0

0

0

0

0
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0

0

0

0

0

0

0

0

0

0

0

0

0

0

Damage

Population



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



Cara

Maris Piper

Sante

no multiplication

Piper

Cara

Sante

x1

Population density at planting 
(eggs/g soil)

Population after harvest (eggs/g soil)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
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0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		0.1		0.1		0.1		0.1

		1		1		1		1

		2		2		2		2

		3		3		3		3

		4		4		4		4

		5		5		5		5

		6		6		6		6

		7		7		7		7

		8		8		8		8

		9		9		9		9

		10		10		10		10

		11		11		11		11

		12		12		12		12

		13		13		13		13

		14		14		14		14

		15		15		15		15

		16		16		16		16

		17		17		17		17

		18		18		18		18

		19		19		19		19

		20		20		20		20

		21		21		21		21

		22		22		22		22

		23		23		23		23

		24		24		24		24

		25		25		25		25

		26		26		26		26

		27		27		27		27

		28		28		28		28

		29		29		29		29

		30		30		30		30

		31		31		31		31

		32		32		32		32

		33		33		33		33

		34		34		34		34

		35		35		35		35

		36		36		36		36

		37		37		37		37

		38		38		38		38

		39		39		39		39

		40		40		40		40

		41		41		41		41

		42		42		42		42

		43		43		43		43

		44		44		44		44

		45		45		45		45

		46		46		46		46

		47		47		47		47

		48		48		48		48

		49		49		49		49

		50		50		50		50

		51		51		51		51

		52		52		52		52

		53		53		53		53

		54		54		54		54

		55		55		55		55

		56		56		56		56

		57		57		57		57

		58		58		58		58

		59		59		59		59

		60		60		60		60

		61		61		61		61

		62		62		62		62

		63		63		63		63

		64		64		64		64

		65		65		65		65

		66		66		66		66

		67		67		67		67

		68		68		68		68

		69		69		69		69

		70		70		70		70

		71		71		71		71

		72		72		72		72

		73		73		73		73

		74		74		74		74

		75		75		75		75

		76		76		76		76

		77		77		77		77

		78		78		78		78

		79		79		79		79

		80		80		80		80

		81		81		81		81

		82		82		82		82

		83		83		83		83

		84		84		84		84

		85		85		85		85

		86		86		86		86

		87		87		87		87

		88		88		88		88

		89		89		89		89

		90		90		90		90

		91		91		91		91

		92		92		92		92

		93		93		93		93

		94		94		94		94

		95		95		95		95

		96		96		96		96

		97		97		97		97

		98		98		98		98

		99		99		99		99

		100		100		100		100

		101		101		101		101

		102		102		102		102

		103		103		103		103

		104		104		104		104

		105		105		105		105

		106		106		106		106

		107		107		107		107

		108		108		108		108

		109		109		109		109

		110		110		110		110

		111		111		111		111

		112		112		112		112

		113		113		113		113

		114		114		114		114

		115		115		115		115

		116		116		116		116

		117		117		117		117

		118		118		118		118

		119		119		119		119

		120		120		120		120

		121		121		121		121

		122		122		122		122

		123		123		123		123

		124		124		124		124

		125		125		125		125

		126		126		126		126

		127		127		127		127

		128		128		128		128

		129		129		129		129

		130		130		130		130

		131		131		131		131

		132		132		132		132

		133		133		133		133

		134		134		134		134

		135		135		135		135

		136		136		136		136

		137		137		137		137

		138		138		138		138

		139		139		139		139

		140		140		140		140

		141		141		141		141

		142		142		142		142

		143		143		143		143

		144		144		144		144

		145		145		145		145

		146		146		146		146

		147		147		147		147

		148		148		148		148

		149		149		149		149

		150		150		150		150

		151		151		151		151

		152		152		152		152

		153		153		153		153

		154		154		154		154

		155		155		155		155

		156		156		156		156

		157		157		157		157

		158		158		158		158

		159		159		159		159

		160		160		160		160

		161		161		161		161

		162		162		162		162

		163		163		163		163

		164		164		164		164

		165		165		165		165

		166		166		166		166

		167		167		167		167

		168		168		168		168

		169		169		169		169

		170		170		170		170

		171		171		171		171

		172		172		172		172

		173		173		173		173

		174		174		174		174

		175		175		175		175

		176		176		176		176

		177		177		177		177

		178		178		178		178

		179		179		179		179

		180		180		180		180

		181		181		181		181

		182		182		182		182

		183		183		183		183

		184		184		184		184

		185		185		185		185

		186		186		186		186

		187		187		187		187

		188		188		188		188

		189		189		189		189

		190		190		190		190

		191		191		191		191

		192		192		192		192

		193		193		193		193

		194		194		194		194

		195		195		195		195

		196		196		196		196

		197		197		197		197

		198		198		198		198

		199		199		199		199



Cara

Maris Piper

Sante

no multiplication

Maris Piper

Cara

Sante

x1

Population density at planting
( Pi eggs/g soil)

Multiplication rate

30.68422415

30.82730661

7.76991571

1

28.49077508

29.79733887

7.412922585

1

26.33688495

28.708377815

7.044893625

1

24.4337434567

27.6741248533

6.704079

1

22.7420574525

26.691088175

6.3878237925

1

21.23019382

25.75604804

6.093795746

1

19.8724148333

24.8660315833

5.8199384867

1

18.6475775429

24.0182904714

5.5644325743

1

17.538161325

23.210280825

5.325662905

1

16.5295311889

22.4396451889

5.1021913122

1

15.60937285

21.7041964

4.892733415

1

14.7672548455

21.0019030182

4.6961389745

1

13.99428565

20.3308762083

4.5113751583

1

13.2828426538

19.6893579385

4.3375122208

1

12.6263561071

19.0757102571

4.1737112079

1

12.0191354733

18.4884056133

4.019213368

1

11.4562288625

17.92601805

3.8733309856

1

10.9333083765

17.3872152471

3.7354394382

1

10.4465760944

16.8707512611

3.6049702772

1

9.9926863842

16.3754599211

3.4814051958

1

9.568681425

15.90024879

3.3642707405

1

9.1719373571

15.4440936762

3.2531336781

1

8.8001191318

15.0060336273

3.1475969127

1

8.4511423783

14.585166287

3.0472958857

1

8.1231411792

14.1806437333

2.9518953933

1

7.814440588

13.79166858

2.8610867624

1

7.5235332154

13.4174904346

2.7745853462

1

7.2490591074

13.0574026593

2.6921282896

1

6.98978845

12.7107393464

2.6134725404

1

6.7446066345

12.3768725655

2.5383930672

1

6.5125013033

12.05520982

2.466681268

1

6.2925510935

11.7451917

2.3981435374

1

6.083915825

11.4462897

2.3325999819

1

5.8858279182

11.1580042152

2.2698832621

1

5.6975848588

10.8798627029

2.2098375494

1

5.5185425914

10.61141794

2.1523175806

1

5.3481096722

10.3522464389

2.0971878064

1

5.1857421108

10.101946973

2.0443216162

1

5.0309388132

9.8601392

1.9936006376

1

4.8832375103

9.6264623949

1.9449140974

1

4.74221116

9.400574245

1.898158241

1

4.6074647244

9.1821497732

1.8532358041

1

4.4786322833

8.9708802929

1.810055529

1

4.3553744744

8.7664724512

1.7685317235

1

4.237376175

8.5686473523

1.7285838577

1

4.1243444244

8.3771397022

1.6901361944

1

4.0160065587

8.1916970478

1.65311745

1

3.9121085255

8.0120790489

1.6174604834

1

3.8124133604

7.8380567854

1.5831020104

1

3.7166998082

7.6694121408

1.5499823398

1

3.624761076

7.505937188

1.5180451328

1

3.536403702

7.347433651

1.487237178

1

3.4514465288

7.1937123654

1.4575081865

1

3.3697197604

7.0445927981

1.4288106013

1

3.2910641111

6.8999025852

1.4010994207

1

3.2153300309

6.7594771

1.3743320367

1

3.1423769857

6.62315905

1.3484680834

1

3.0720728158

6.4907980895

1.3234692972

1

3.004293131

6.362250469

1.2992993874

1

2.9389207712

6.2373786881

1.2759239158

1

2.8758453

6.1160511933

1.2533101845

1

2.814962541

5.998142059

1.231427132

1

2.7561741581

5.8835307226

1.2102452365

1

2.6993872651

5.7721017127

1.1897364249

1

2.6445140594

5.6637443938

1.1698739898

1

2.5914714938

5.5583527385

1.1506325103

1

2.5401809682

5.4558251

1.1319877786

1

2.4905680448

5.3560639955

1.1139167325

1

2.4425621853

5.2589759206

1.0963973903
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		Pi		Pf egg/g		year		Pf cyst/g		Pf cysts per ha		Damage								h=		-0.1104								MaxM =		900

		0.00000003		0.0000009283		0		0.0000000031		9.2834399973		0.9999999982								cp =		0.1								M Piper		900

				0.0000007427		1

				0.0000005941		2														M_a_rel =		0.03808								a Piper		34.272

				0.0000004753		3														Piper =		1

				0.0000003802		4																								s SL		0.2629

				0.0000003042		5																								g Piper		62

				0.0000094134		6		0.0000000314		94.1340059397		0.9999999813						3000000000		g/ha soil										c Piper		16.2998

				0.0000075307		7

				0.0000060246		8

				0.0000048197		9

				0.0000038557		10

				0.0000030846		11

				0.0000954518		12		0.0000003182		954.5178236858		0.9999998108

				0.0000763614		13

				0.0000610891		14

				0.0000488713		15								detection		10 cysts per kg

				0.0000390971		16										0.01 cysts per g soil

				0.0000312776		17										30000000 cysts per ha

				0.0009678777		18		0.0000032263		9678.7774893569		0.9999980811

				0.0007743022		19										years		cysts/g		cysts /ha		cysts / kg

				0.0006194418		20										0		0.0000000031		9.2834399973		0.0000030945

				0.0004955534		21										6		0.0000000314		94.1340059397		0.000031378

				0.0003964427		22										12		0.0000003182		954.5178236858		0.0003181726

				0.0003171542		23										18		0.0000032263		9678.7774893569		0.0032262592

				0.0098140082		24		0.0000327134		98140.0823496844		0.9999805428				24		0.0000327134		98140.0823496844		0.0327133608

				0.0078512066		25										30		0.0003316228		994868.378812425		0.3316227929

				0.0062809653		26										36		0.0033533788		10060136.3995387		3.3533787998

				0.0050247722		27										42		0.0330739716		99221914.7203787		33.0739715735

				0.0040198178		28										48		0.2599967957		779990387.204741		259.9967957349

				0.0032158542		29										54		0.6517304644		1955191393.12453		651.7304643748

				0.0994868379		30		0.0003316228		994868.378812425		0.9998027448

				0.0795894703		31

				0.0636715762		32

				0.050937261		33

				0.0407498088		34

				0.032599847		35

				1.00601364		36		0.0033533788		10060136.3995387		0.9980039769

				0.804810912		37

				0.6438487296		38

				0.5150789837		39

				0.4120631869		40

				0.3296505495		41

				9.922191472		42		0.0330739716		99221914.7203787		0.9801767023

				7.9377531776		43

				6.3502025421		44

				5.0801620337		45

				4.0641296269		46

				3.2513037016		47

				77.9990387205		48		0.2599967957		779990387.204741		0.8337022937

				62.3992309764		49

				49.9193847811		50

				39.9355078249		51

				31.9484062599		52

				25.5587250079		53

				195.5191393125		54		0.6517304644		1955191393.12453		0.3894021587
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Colonise chart for on a sandy loam soil with Maris Piper on a six year rotation with decline rates at 20%. 

Detection is at 1 cyst per 100 g sub-sample.

First inocculation is 1 cyst in 1 ha block. Equivalent to

Model: = M(1-exp[-a(1-cp)(1-h ln(c/(c+Pi))) Pi/M]) c/(c+Pi) +  Pi (cp + h ln(c/(c+Pi)) (1-cp))
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Maris Piper grown in a sandy loam soil

Population density at planting
 (eggs/g soil)

Multiplication rate
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Figure 2&3

		Pi		Maris Piper		Cara		Sante		x1		Maris Piper		Cara		Sante				h=		-0.1104		Maris Piper		Cara				MaxM =		900		should be 900

		0		0		0		0		0		1		1		1				cp =		0.1								M Piper		900		900		225

		0.1		3.0684224146		3.082730661		0.7769915706		0.1		0.9939023647		0.9981017464		0.9966744927								30.6842241463		30.8273066103

		1		28.4907750834		29.7973388667		7.4129225855		1		0.9421958635		0.9813363195		0.9677113133				M_a_rel =		0.03808		28.4907750834		29.7973388667				a Piper		34.272		34.272		8.568

		2		52.673769904		57.416755627		14.0897872492		2		0.8907091881		0.9633565409		0.9374425253		resistant		Piper =		1		26.336884952		28.7083778135

		3		73.3012303733		83.0223745611		20.1122370033		3		0.8445579747		0.9460237496		0.9090098451				Cara		1		24.4337434578		27.6741248537				s SL		0.2629

		4		90.968229813		106.7643527407		25.5512951688		4		0.8029537237		0.9293036409		0.882251123		vigour		Piper =		1		22.7420574533		26.6910881852				g Piper		62		200

		5		106.1509691412		128.7802401914		30.4689787262		5		0.7652560118		0.9131642932		0.8570227563				Cara		1		21.2301938282		25.7560480383				c Piper		16.2998		52.58

		6		119.2344890258		149.1961894512		34.9196309213		6		0.7309392909		0.8975759645		0.833197111				Sante r		0.25		19.8724148376		24.8660315752				c sante		29.9706

		7		130.5330427652		168.1280332662		38.9510280197		7		0.6995682366		0.8825109097		0.8106603626				g		114		18.6475775379		24.0182904666

		8		140.3052905935		185.6822465728		42.6053032376		8		0.6707791834		0.8679432156		0.7893106772								17.5381613242		23.2102808216

		9		148.7657807181		201.9568067221		45.9197218056		9		0.6442659626		0.8538486522		0.7690566735								16.5295311909		22.4396451913

		10		156.0937285079		217.0419640342		48.9273341456		10		0.6197689716		0.8402045382		0.7498161148								15.6093728508		21.7041964034

		11		162.4398032876		231.0209331734		51.6575287211		11		0.5970666452		0.8269896194		0.7315147935								14.7672548443		21.0019030158

		12		167.931427761		243.9705144777		54.1365019029		12		0.5759687348		0.8141839579		0.7140855742								13.9942856468		20.3308762065

		13		172.6769544626		255.9616532023		56.3876588657		13		0.5563109646		0.801768832		0.6974675709								13.282842651		19.6893579386

		14		176.7689854663		267.0599436364		58.43195691		14		0.5379507455		0.7897266446		0.6816054364								12.6263561047		19.0757102597

		15		180.2870321149		277.3260841846		60.2882005162		15		0.520763711		0.7780408405		0.6664487465								12.0191354743		18.4884056123

		16		183.2996617591		286.8162887591		61.9732957685		16		0.5046408956		0.7666958297		0.6519514646								11.4562288599		17.9260180474

		17		185.8662424054		295.5826591814		63.5024704456		17		0.4894864233		0.7556769187		0.6380714745								10.9333083768		17.387215246

		18		188.0383697306		303.6735227327		64.8894649942		18		0.4752155989		0.7449702465		0.6247701717								10.4465760961		16.8707512629

		19		189.8610413371		311.1337385025		66.1466987195		19		0.4617533244		0.734562727		0.6120121052								9.9926863862		16.3754599212

		20		191.3736284902		318.0049757649		67.2854148116		20		0.449032777		0.724441995		0.5997646616								9.5686814245		15.9002487882

		21		192.6106845458		324.3259672375		68.3158072423		21		0.4369943002		0.7145963577		0.587997787								9.1719373593		15.444093678

		22		193.6026208826		330.1327397576		69.2471320798		22		0.4255844678		0.7050147493		0.5766837404								8.800119131		15.0060336253

		23		194.3762747249		335.4588246266		70.0878053747		23		0.4147552914		0.6956866896		0.565796876								8.4511423793		14.5851662881

		24		194.9553882746		340.3354496224		70.8454894387		24		0.4044635457		0.686602246		0.5553134484								8.1231411781		14.1806437343

		25		195.3610147127		344.7917144658		71.527169064		25		0.3946701921		0.6777519979		0.5452114403								7.8144405885		13.7916685786

		26		195.6118636051		348.8547513302		72.1392190006		26		0.3853398834		0.6691270043		0.5354704077								7.5235332156		13.4174904358

		27		195.7245958724		352.549871818		72.6874638195		27		0.3764405378		0.6607187736		0.5260713421								7.2490591064		13.0574026599

		28		195.7140765922		355.900701675		73.1772311255		28		0.3679429704		0.6525192355		0.5169965465								6.9897884497		12.7107393455

		29		195.5935924045		358.929304382		73.6133989504		29		0.3598205732		0.6445207159		0.5082295245								6.7446066346		12.3768725649

		30		195.3750390834		361.6562946485		74.0004380408		30		0.3520490369		0.6367159118		0.4997548799								6.5125013028		12.0552098216

		31		195.0690838708		364.1009427246		74.3424496568		31		0.3446061083		0.6290978703		0.4915582264								6.2925510926		11.7451917008

		32		194.6853063827		366.2812703583		74.6431994172		32		0.3374713767		0.6216599669		0.4836261066								6.0839158245		11.4462896987

		33		194.2323212612		368.2141391426		74.9061476542		33		0.3306260877		0.6143958869		0.4759459176								5.885827917		11.1580042164

		34		193.7178852242		369.9153319224		75.134476681		34		0.3240529783		0.6072996073		0.4685058449								5.6975848595		10.8798627036

		35		193.1489907368		371.399627867		75.3311153243		35		0.3177361315		0.6003653802		0.461294801								5.5185425925		10.6114179391

		36		192.5319481805		372.6808717553		75.4987610281		36		0.3116608477		0.5935877173		0.4543023711								5.3481096717		10.3522464376

		37		191.8724580987		373.7720379685		75.639899799		37		0.3058135303		0.5869613753		0.447518762								5.1857421108		10.1019469721

		38		191.1756748628		374.6852896381		75.7568242279		38		0.3001815845		0.5804813425		0.4409347571								5.0309388122		9.860139201

		39		190.4462628988		375.4320333564		75.851649795		39		0.2947533264		0.5741428259		0.4345416743								4.8832375102		9.6264623938

		40		189.6884464441		376.0229698175		75.9263296421		40		0.2895179024		0.56794124		0.4283313277								4.7422111611		9.4005742454

		41		188.90605367		376.4681407239		75.9826679722		41		0.2844652163		0.5618721949		0.422295993								4.6074647237		9.1821497738

		42		188.10255588		376.7769722629		76.0223322181		42		0.2795858648		0.5559314866		0.4164283749								4.4786322829		8.970880292

		43		187.2811023976		376.9583154309		76.0468641083		43		0.2748710788		0.5501150868		0.4107215783								4.3553744744		8.7664724519

		44		186.4445516736		377.020483457		76.057689738		44		0.270312671		0.5444191344		0.4051690807								4.2373761744		8.5686473513

		45		185.5954990678		376.9712865566		76.0561287487		45		0.2659029883		0.5388399262		0.3997647078								4.1243444237		8.3771397013

		46		184.7363017022		376.8180642254		76.0434027014		46		0.2616348688		0.5333739095		0.3945026102								4.0160065587		8.1916970484

		47		183.8691007285		376.5677152652		76.0206427228		47		0.2575016035		0.5280176742		0.3893772427								3.9121085261		8.0120790482

		48		182.9958413093		376.2267257166		75.9888964956		48		0.2534969005		0.5227679459		0.3843833445								3.8124133606		7.8380567858

		49		182.1182905735		375.8011948608		75.949134654		49		0.2496148533		0.5176215791		0.3795159211								3.7166998076		7.66941214

		50		181.2380537738		375.2968594353		75.902256642		50		0.2458499121		0.5125755508		0.3747702281								3.6247610755		7.5059371887

		51		180.3565888467		374.7191161993		75.8490960822		51		0.2421968565		0.507626955		0.3701417552								3.5364037029		7.347433651

		52		179.4752195478		374.073042973		75.7904257038		52		0.238650772		0.5027729967		0.3656262123								3.4514465298		7.1937123649

		53		178.5951473192		373.3634182626		75.7269618662		53		0.235207028		0.4980109869		0.3612195163								3.3697197607		7.0445927974

		54		177.7174620224		372.5947395762		75.6593687174		54		0.2318612571		0.4933383374		0.3569177784								3.2910641115		6.8999025847

		55		176.8431516572		371.7712405265		75.5882620191		55		0.2286093369		0.4887525562		0.3527172928								3.2153300301		6.7594771005

		56		175.9731111715		370.8969068072		75.5142126673		56		0.2254473733		0.4842512433		0.3486145264								3.1423769852		6.6231590501

		57		175.108150457		369.9754911257		75.4377499359		57		0.2223716845		0.4798320861		0.3446061083								3.072072815		6.4907980899

		58		174.2490016116		369.0105271654		75.3593644671		58		0.219378787		0.4754928559		0.340688821								3.0042931312		6.3622504684

		59		173.3963255439		368.0053426468		75.2795110302		59		0.2164653824		0.4712314035		0.3368595918								2.9389207719		6.2373786889

		60		172.5507179849		366.9630715523		75.1986110687		60		0.213628345		0.4670456564		0.3331154844								2.8758452997		6.1160511925

		61		171.7127149638		365.8866655703		75.117055053		61		0.2108647112		0.4629336151		0.3294536916								2.8149625404		5.9981420585

		62		170.8827978023		364.7789048154		75.0352046562		62		0.2081716684		0.4588933496		0.3258715285								2.7561741581		5.8835307228

		63		170.0613976719		363.6424078739		74.9533947659		63		0.2055465461		0.4549229971		0.3223664255								2.6993872646		5.7721017123

		64		169.2488997566		362.4796412203		74.8719353471		64		0.2029868069		0.4510207583		0.3189359225								2.6445140587		5.6637443941

		65		168.445647058		361.2929280476		74.7911131673		65		0.2004900381		0.4471848954		0.315577663								2.5914714932		5.5583527392

		66		167.6519438763		360.0844565519		74.7111933948		66		0.1980539442		0.4434137291		0.3122893886								2.5401809678		5.4558250993

		67		166.8680589967		358.8562877076		74.6324210814		67		0.1956763402		0.4397056364		0.3090689343								2.4905680447		5.3560639956

		68		166.0942286092		357.6103625658		74.5550225375		68		0.1933551444		0.4360590479		0.3059142232								2.4425621854		5.2589759201

		69		165.3306589847		356.34850911		74.4792066086		69		0.191088373		0.4324724461		0.3028232627								2.396096507		5.1644711465

		70		164.5775289296		355.0724486963		74.4051658611		70		0.1888741341		0.4289443629		0.2997941395								2.3511075561		5.0724635528

		71		163.8349920397		353.7838021057		74.3330776835		71		0.1867106225		0.4254733776		0.2968250164								2.3075350992		4.9828704522

		72		163.1031787693		352.4840952346		74.2631053109		72		0.1845961146		0.4220581153		0.2939141282								2.2653219274		4.8956124338

		73		162.3821983333		351.1747644455		74.1953987772		73		0.1825289642		0.4186972448		0.2910597782								2.2244136758		4.8106132116

		74		161.6721404556		349.8571616012		74.1300958017		74		0.180507598		0.415389477		0.2882603351								2.1847586548		4.7277994811

		75		160.9730769779		348.5325588015		74.0673226137		75		0.1785305116		0.4121335633		0.2855142297								2.146307693		4.647100784

		76		160.2850633394		347.2021528419		74.0071947213		76		0.1765962656		0.4089282937		0.2828199519								2.1090139913		4.5684493795

		77		159.6081399409		345.8670694119		73.9498176272		77		0.1747034828		0.4057724958		0.2801760484								2.0728329862		4.4917801222

		78		158.9423333996		344.5283670492		73.8952874957		78		0.1728508438		0.4026650329		0.2775811193								2.0377222231		4.4170303468

		79		158.2876577068		343.1870408642		73.843691775		79		0.1710370851		0.3996048032		0.2750338165								2.0036412368		4.3441397578

		80		157.6441152943		341.8440260512		73.7951097779		80		0.1692609953		0.3965907377		0.2725328406								1.9705514412		4.2730503256

		81		157.0116980186		340.5002011963		73.7496132227		81		0.1675214132		0.3936217997		0.2700769393								1.9384160249		4.2037061876

		82		156.390388068		339.1563913981		73.707266739		82		0.1658172245		0.3906969832		0.2676649049								1.9071998545		4.1360535536

		83		155.7801588008		337.8133712092		73.6681283397		83		0.1641473598		0.387815312		0.2652955725								1.8768693831		4.070040617

		84		155.1809755179		336.4718674123		73.6322498617		84		0.1625107926		0.3849758383		0.262967818								1.8473925657		4.0056174692

		85		154.5927961769		335.1325616385		73.5996773778		85		0.1609065368		0.3821776421		0.2606805566								1.8187387786		3.9427360193

		86		154.0155720513		333.7960928394		73.5704515818		86		0.1593336448		0.3794198297		0.2584327407								1.7908787448		3.8813499167

		87		153.4492483396		332.4630596199		73.5446081483		87		0.1577912058		0.3767015332		0.2562233587								1.7637844637		3.8214144784

		88		152.8937647275		331.1340224411		73.5221780691		88		0.1562783438		0.3740219092		0.2540514332								1.7374291446		3.7628866186

		89		152.3490559085		329.8095057014		73.5031879681		89		0.1547942161		0.3713801384		0.2519160196								1.711787145		3.7057247832

		90		151.8150520636		328.4899997011		73.4876603958		90		0.1533380119		0.3687754243		0.249816205								1.6868339118		3.6498888856

		91		151.2916793057		327.1759624994		73.4756141051		91		0.1519089504		0.3662069926		0.2477511065								1.6625459264		3.5953402472

		92		150.77886009		325.8678216694		73.4670643088		92		0.1505062798		0.3636740905		0.2457198702								1.6389006532		3.5420415399

		93		150.2765135931		324.5659759561		73.4620229215		93		0.1491292756		0.3611759857		0.2437216701								1.6158764902		3.4899567307

		94		149.7845560639		323.2707968443		73.4604987858		94		0.1477772398		0.3587119662		0.2417557066								1.5934527241		3.4390510303

		95		149.3029011473		321.9826300414		73.4624978838		95		0.1464494995		0.3562813389		0.2398212059								1.5716094858		3.3892908425

		96		148.8314601839		320.7017968786		73.4680235357		96		0.1451454054		0.3538834298		0.2379174188								1.5503277102		3.3406437175

		97		148.370142487		319.4285956378		73.4770765858		97		0.1438643316		0.3515175826		0.2360436195								1.5295890978		3.2930783055

		98		147.9188555977		318.1633028053		73.4896555766		98		0.1426056739		0.3491831585		0.2341991051								1.5093760775		3.2465643143

		99		147.4775055218		316.906174259		73.5057569119		99		0.1413688489		0.3468795356		0.2323831943								1.4896717729		3.2010724673

		100		147.0459969474		315.6574463916		73.52537501		100		0.1401532935		0.3446061083		0.2305952269								1.4704599695		3.1565744639

		101		146.6242334468		314.4173371734		73.5485024473		101		0.1389584637		0.3423622868		0.2288345629								1.4517250836		3.1130429423

		102		146.2121176623		313.186047159		73.5751300922		102		0.137783834		0.3401474964		0.2271005815								1.4334521339		3.0704514427

		103		145.8095514777		311.9637604395		73.6052472317		103		0.1366288963		0.3379611775		0.2253926808								1.4156267134		3.0287743732

		104		145.4164361766		310.7506455447		73.6388416894		104		0.1354931596		0.3358027845		0.2237102767								1.3982349632		2.9879869764

		105		145.0326725884		309.5468562975		73.6758999364		105		0.134376149		0.3336717858		0.2220528026								1.3812635485		2.9480652981

		106		144.6581612227		308.3525326224		73.7164071949		106		0.1332774052		0.331567663		0.2204197084								1.3646996342		2.9089861568

		107		144.2928023929		307.1678013122		73.7603475363		107		0.1321964837		0.329489911		0.2188104601								1.3485308635		2.8707271151

		108		143.9364963304		305.9927767539		73.8077039719		108		0.1311329544		0.3274380371		0.2172245391								1.3327453364		2.8332664514

		109		143.589143289		304.827561616		73.8584585392		109		0.1300864008		0.3254115608		0.2156614421								1.3173315898		2.7965831341

		110		143.2506436414		303.6722475008		73.9125923818		110		0.1290564197		0.3234100135		0.2141206796								1.3022785786		2.7606567955

		111		142.9208979674		302.526915561		73.9700858251		111		0.1280426206		0.321432938		0.2126017765								1.2875756574		2.7254677078

		112		142.5998071349		301.3916370857		74.0309184467		112		0.1270446252		0.3194798882		0.2111042709								1.2732125637		2.6909967597

		113		142.2872723741		300.2664740546		74.0950691428		113		0.1260620666		0.3175504288		0.2096277137								1.2591794015		2.6572254341

		114		141.9831953451		299.1514796636		74.1625161904		114		0.1250945896		0.315644135		0.2081716684								1.2454666258		2.6241357865

		115		141.6874782004		298.0466988231		74.2332373053		115		0.1241418494		0.313760592		0.2067357106								1.2320650278		2.5917104245

		116		141.4000236405		296.9521686308		74.3072096967		116		0.123203512		0.3118993949		0.2053194273								1.218965721		2.5599324882

		117		141.1207349662		295.8679188187		74.3844101187		117		0.1222792532		0.3100601486		0.2039224171								1.2061601279		2.5287856309

		118		140.8495161246		294.7939721783		74.4648149178		118		0.1213687586		0.3082424669		0.2025442892								1.1936399672		2.4982540015

		119		140.5862717521		293.7303449629		74.5484000777		119		0.1204717228		0.3064459727		0.2011846633								1.1813972416		2.4683222266

		120		140.3309072119		292.6770472692		74.6351412621		120		0.1195878497		0.3046702978		0.1998431693								1.1694242268		2.4389753939

		121		140.083328629		291.6340833994		74.725013853		121		0.1187168517		0.3029150824		0.1985194468								1.1577134597		2.4101990364

		122		139.8434429209		290.6014522041		74.8179929887		122		0.1178584495		0.3011799748		0.1972131452								1.1462577289		2.3819791164

		123		139.6111578255		289.5791474077		74.9140535972		123		0.1170123719		0.2994646315		0.1959239226								1.1350500636		2.3543020114

		124		139.3863819257		288.5671579174		75.0131704293		124		0.1161783552		0.2977687167		0.1946514464								1.1240837252		2.3271544993

		125		139.1690246711		287.5654681151		75.1153180884		125		0.1153561435		0.2960919022		0.1933953924								1.1133521974		2.3005237449

		126		138.9589963975		286.5740581355		75.2204710589		126		0.1145454878		0.2944338672		0.1921554447								1.1028491778		2.2743972868

		127		138.7562083438		285.5929041288		75.3286037322		127		0.1137461462		0.2927942978		0.1909312954								1.0925685696		2.2487630246

		128		138.5605726665		284.6219785107		75.4396904318		128		0.1129578835		0.2911728874		0.1897226446								1.082504474		2.2236092071

		129		138.372002452		283.6612501983		75.5537054361		129		0.112180471		0.2895693358		0.1885291997								1.0726511818		2.1989244201

		130		138.1904117279		282.7106848351		75.6706229998		130		0.1114136861		0.2879833498		0.1873506757								1.0630031671		2.1746975757

		131		138.015715471		281.7702450034		75.7904173738		131		0.1106573125		0.2864146421		0.1861867944								1.0535550799		2.1509179008

		132		137.8478296151		280.8398904259		75.9130628243		132		0.1099111395		0.2848629321		0.1850372845								1.0443017395		2.1275749275

		133		137.6866710566		279.9195781574		76.0385336495		133		0.1091749621		0.2833279448		0.1839018817								1.0352381282		2.1046584824

		134		137.5321576582		279.0092627657		76.1668041964		134		0.1084485808		0.2818094115		0.1827803277								1.0263593855		2.0821586774

		135		137.3842082527		278.1088965034		76.2978488755		135		0.1077318014		0.280307069		0.1816723707								1.0176608019		2.0600659

		136		137.242742644		277.2184294714		76.4316421745		136		0.1070244347		0.2788206597		0.180577765								1.0091378136		2.0383708049

		137		137.1076816081		276.3378097725		76.568158672		137		0.1063262966		0.2773499314		0.1794962706								1.0007859971		2.0170643049

		138		136.9789468924		275.4669836586		76.7073730486		138		0.1056372076		0.2758946374		0.1784276534								0.9926010644		1.9961375627

		139		136.8564612149		274.6058956689		76.8492600987		139		0.1049569929		0.274454536		0.1773716848								0.9845788577		1.9755819832

		140		136.7401482614		273.7544887613		76.9937947405		140		0.1042854821		0.2730293904		0.1763281415								0.9767153447		1.9553892054

		141		136.6299326827		272.9127044371		77.1409520255		141		0.1036225094		0.2716189689		0.1752968054								0.9690066148		1.9355510953

		142		136.5257400909		272.0804828592		77.2907071472		142		0.1029679128		0.2702230445		0.1742774637								0.9614488739		1.9160597384

		143		136.4274970549		271.2577629632		77.4430354493		143		0.1023215346		0.2688413948		0.1732699083								0.9540384409		1.8969074333

		144		136.3351310954		270.4444825636		77.5979124331		144		0.1016832211		0.267473802		0.1722739359								0.9467717437		1.8780866845

		145		136.2485706793		269.6405784541		77.7553137639		145		0.1010528221		0.2661200526		0.171289348								0.939645315		1.8595901962

		146		136.1677452136		268.8459865021		77.9152152779		146		0.1004301915		0.2647799376		0.1703159505								0.9326557891		1.8414108665

		147		136.0925850385		268.0606417387		78.0775929871		147		0.0998151865		0.2634532518		0.1693535536								0.9257998982		1.8235417805

		148		136.0230214208		267.2844784435		78.2424230851		148		0.0992076679		0.2621397946		0.168401972								0.9190744691		1.8059762057

		149		135.9589865465		266.5174302251		78.4096819513		149		0.0986074998		0.260839369		0.1674610243								0.9124764198		1.7887075854

		150		135.9004135127		265.759430097		78.5793461552		150		0.0980145496		0.259551782		0.1665305333								0.9060027568		1.771729534

		151		135.8472363197		265.0104105493		78.7513924604		151		0.0974286879		0.2582768445		0.1656103257								0.8996505717		1.7550358315

		152		135.7993898629		264.2703036171		78.925797828		152		0.0968497883		0.2570143709		0.1647002318								0.8934170386		1.7386204185

		153		135.7568099237		263.5390409442		79.102539419		153		0.0962777274		0.2557641794		0.1638000859								0.8872994113		1.7224773918

		154		135.7194331613		262.816553844		79.2815945979		154		0.0957123849		0.2545260916		0.1629097258								0.8812950205		1.706600999

		155		135.6871971033		262.1027733568		79.4629409343		155		0.0951536429		0.2532999326		0.1620289927								0.8754012716		1.6909856346

		156		135.6600401364		261.3976303038		79.6465562053		156		0.0946013867		0.2520855307		0.1611577314								0.8696156419		1.6756258353

		157		135.6379014974		260.701055338		79.832418397		157		0.0940555038		0.2508827178		0.1602957898								0.8639356783		1.660516276

		158		135.6207212637		260.0129789924		80.020505706		158		0.0935158847		0.2496913287		0.1594430193								0.8583589953		1.6456517658

		159		135.6084403434		259.3333317257		80.210796541		159		0.0929824221		0.2485112014		0.1585992742								0.8528832726		1.6310272436

		160		135.6010004662		258.6620439644		80.403269523		160		0.0924550113		0.2473421771		0.157764412								0.8475062529		1.6166377748

		161		135.598344173		257.9990461438		80.5979034868		161		0.0919335498		0.2461840996		0.1569382931								0.8422257402		1.6024785475

		162		135.6004148068		257.3442687452		80.7946774811		162		0.0914179377		0.2450368161		0.156120781								0.8370395976		1.5885448688

		163		135.6071565021		256.6976423321		80.9935707689		163		0.0909080769		0.2439001763		0.1553117418								0.8319457454		1.5748321615

		164		135.6185141758		256.0590975837		81.1945628277		164		0.0904038718		0.2427740327		0.1545110445								0.8269421596		1.5613359609

		165		135.6344335169		255.428565326		81.3976333495		165		0.0899052288		0.2416582406		0.1537185606								0.8220268698		1.5480519111

		166		135.6548609765		254.8059765617		81.6027622405		166		0.0894120564		0.2405526581		0.1529341646								0.8171979577		1.5349757624

		167		135.6797437583		254.1912624981		81.8099296211		167		0.0889242651		0.2394571455		0.1521577332								0.8124535554		1.5221033683

		168		135.7090298083		253.5843545728		82.019115825		168		0.0884417672		0.2383715659		0.1513891457								0.8077918441		1.509430682

		169		135.7426678053		252.985184478		82.2303013988		169		0.087964477		0.2372957848		0.1506282838								0.8032110521		1.4969537543

		170		135.7806071511		252.393684184		82.4434671014		170		0.0874923108		0.2362296702		0.1498750316								0.7987094538		1.4846687305

		171		135.8227979601		251.8097859595		82.6585939031		171		0.0870251864		0.2351730924		0.1491292756								0.7942853682		1.4725718477

		172		135.8691910505		251.2334223922		82.8756629845		172		0.0865630234		0.2341259239		0.1483909044								0.7899371573		1.4606594325

		173		135.9197379339		250.6645264073		83.0946557357		173		0.0861057434		0.2330880397		0.1476598089								0.7856632251		1.4489278983

		174		135.9743908059		250.1030312845		83.3155537551		174		0.0856532692		0.2320593168		0.1469358819								0.7814620161		1.437373743

		175		136.0331025367		249.5488706743		83.5383388482		175		0.0852055256		0.2310396344		0.1462190187								0.7773320145		1.4259935467

		176		136.0958266613		249.0019786127		83.7629930263		176		0.0847624387		0.2300288739		0.1455091163								0.7732717424		1.4147839694

		177		136.1625173703		248.4622895353		83.9894985052		177		0.0843239362		0.2290269187		0.1448060739								0.7692797592		1.4037417488

		178		136.2331295004		247.9297382899		84.2178377039		178		0.0838899474		0.2280336543		0.1441097924								0.7653546601		1.3928636983

		179		136.3076185256		247.4042601486		84.4479932429		179		0.0834604029		0.227048968		0.1434201749								0.7614950756		1.3821467047

		180		136.3859405471		246.885790818		84.6799479427		180		0.0830352349		0.2260727492		0.1427371261								0.7576996697		1.3715877268

		181		136.4680522852		246.3742664501		84.9136848227		181		0.0826143767		0.2251048891		0.1420605525								0.7539671397		1.3611837925

		182		136.5539110695		245.8696236508		85.1491870989		182		0.0821977632		0.2241452809		0.1413903626								0.7502962147		1.3509319981

		183		136.6434748307		245.3717994886		85.3864381827		183		0.0817853304		0.2231938195		0.1407264665								0.7466856548		1.3408295054

		184		136.7367020912		244.8807315019		85.625421679		184		0.0813770159		0.2222504016		0.1400687758								0.7431342505		1.3308735408

		185		136.8335519565		244.3963577063		85.8661213848		185		0.080972758		0.2213149255		0.139417204								0.7396408214		1.321061393

		186		136.933984107		243.9186166006		86.108521287		186		0.0805724969		0.2203872915		0.1387716661								0.7362042156		1.3113904118

		187		137.0379587889		243.4474471722		86.3526055608		187		0.0801761733		0.2194674013		0.1381320787								0.732823309		1.3018580063

		188		137.1454368059		242.9827889024		86.5983585682		188		0.0797837296		0.2185551584		0.1374983599								0.7294970043		1.2924616431

		189		137.2563795115		242.5245817707		86.8457648557		189		0.079395109		0.2176504678		0.1368704292								0.7262242302		1.2831988453

		190		137.3707487997		242.0727662585		87.0948091527		190		0.0790102559		0.216753236		0.1362482077								0.7230039411		1.2740671908

		191		137.4885070977		241.6272833526		87.3454763698		191		0.0786291159		0.2158633714		0.135631618								0.7198351157		1.2650643107

		192		137.6096173578		241.1880745479		87.5977515965		192		0.0782516354		0.2149807834		0.1350205838								0.7167167571		1.2561878883

		193		137.7340430491		240.7550818501		87.8516201		193		0.0778777619		0.2141053832		0.1344150305								0.7136478914		1.2474356573

		194		137.8617481499		240.3282477773		88.1070673224		194		0.0775074441		0.2132370833		0.1338148846								0.7106275678		1.2388054009

		195		137.9926971401		239.9075153616		88.3640788798		195		0.0771406315		0.2123757977		0.1332200741								0.7076548571		1.2302949506

		196		138.1268549935		239.4928281506		88.6226405596		196		0.0767772744		0.2115214418		0.132630528								0.704728852		1.2219021844

		197		138.2641871702		239.0841302077		88.8827383191		197		0.0764173243		0.2106739322		0.1320461769								0.7018486658		1.2136250264

		198		138.4046596093		238.6813661128		89.1443582834		198		0.0760607336		0.209833187		0.1314669523								0.6990134324		1.205461445

		199		138.5482387217		238.2844809625		89.4074867437		199		0.0757074554		0.2089991255		0.1308927871								0.6962223051		1.1974094521

		200		138.6948913828		237.8934203697		89.6721101549		200		0.0753574437		0.2081716684		0.1303236153								0.6934744569		1.1894671018



Model: = M(1-exp[-a(1-cp)(1-h ln(c/(c+Pi))) Pi/M]) c/(c+Pi) + 
 Pi (cp + h ln(c/(c+Pi)) (1-cp))

Proportional yield loss
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multiplication rates

Figure 2  Multiplication rates for Maris Piper and
Cara. 
Changes are to vigor and g tolerance. To change 
back to 'original', put vigor to 1 and g to 200, the 
tolerance value for Glenna, but this gives multiplication
rates for Cara similar to Maris Piper.

Maris Piper grown in a sandy loam soil

Population density at planting
 (eggs/g soil)

Multiplication rate

This is a trend chart (beginnings of) to illustrate the multilpication and 
the decline rates between host crops
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		48.12		18.08		15.43

		48.65		11.81		15.32

		48.91		16.29		15.27

		49.55		13.25		15.14

		51.62		13.25		14.74

		68.07		6.09		12.17

		73.44		12.17		11.51

		80.46		5.19		10.76

		87.35		12.53		10.1

		92.54		15.75		9.66

		120.08		9.85		7.85



Yield data and fits
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LuffYield data

		avpi		yield		yfits

		14.78		24.34		26.22		Maris Piper

		30.87		10.38		17.79

		34		9.85		16.74

		44.14		10.02		14.06

		120.08		5.37		6.39

		37.18		21.84		15.8

		80.46		3.04		8.93

		48.65		12.71		13.12

		32.18		20.23		17.34

		11.08		23.81		29.42

		73.44		2.69		9.61

		39.55		3.94		15.16

		42.8		16.65		14.36

		19.21		26.49		23.19

		26.56		20.23		19.46

		49.55		9.13		12.95

		44.06		16.65		14.08

		28.42		23.99		18.7

		92.54		6.27		7.97

		35.09		13.25		16.41

		24.36		29		20.45

		87.35		3.58		8.36

		48.91		17.01		13.08

		33.8		16.83		16.8

		46.46		20.59		13.56

		68.07		8.77		10.2

		26.54		26.31		19.47

		43.56		13.43		14.19

		48.12		23.81		13.23

		51.62		12.53		12.57

		avpi		yield		yfits

		14.78		23.99		27.93		Morag

		30.87		18.62		20.08

		34		18.26		19.04

		44.14		11.64		16.3

		120.08		9.85		7.85

		37.18		17.72		18.08

		80.46		5.19		10.76

		48.65		11.81		15.32

		32.18		21.66		19.63

		11.08		29.53		30.69

		73.44		12.17		11.51

		39.55		14.32		17.43

		42.8		8.77		16.61

		19.21		27.75		25.21

		26.56		20.05		21.71

		49.55		13.25		15.14

		44.06		15.39		16.32

		28.42		25.6		20.98

		92.54		15.75		9.66

		35.09		20.23		18.7

		24.36		27.39		22.66

		87.35		12.53		10.1

		48.91		16.29		15.27

		33.8		21.48		19.1

		46.46		23.63		15.78

		68.07		6.09		12.17

		26.54		24.16		21.72

		43.56		17.9		16.43

		48.12		18.08		15.43

		51.62		13.25		14.74

		avpi		yield		yfits

		14.78		15.04		22.42		Sante

		30.87		10.02		14.34

		34		11.28		13.4

		44.14		6.44		11.05

		120.08		3.94		4.78

		37.18		13.96		12.56

		80.46		1.79		6.79

		48.65		6.44		10.25

		32.18		6.8		13.93

		11.08		25.78		25.75

		73.44		3.76		7.34

		39.55		12.35		12

		42.8		14.86		11.31

		19.21		23.63		19.4

		26.56		13.43		15.87

		49.55		10.02		10.11

		44.06		11.99		11.07

		28.42		26.31		15.17

		92.54		8.77		6.02

		35.09		10.02		13.1

		24.36		21.12		16.79

		87.35		3.4		6.33

		48.91		12.53		10.21

		33.8		18.8		13.45

		46.46		8.95		10.63

		68.07		6.09		7.82

		26.54		19.51		15.88

		43.56		20.59		11.16

		48.12		13.43		10.34

		51.62		3.22		9.79

		avpi		yield		yfits

		14.78		17.54		24.31		Glenna

		30.87		15.04		20.8

		34		14.32		20.23

		44.14		9.49		18.58

		120.08		7.7		11.55

		37.18		23.09		19.68

		80.46		8.95		14.39

		48.65		14.32		17.93

		32.18		19.69		20.55

		11.08		22.91		25.29

		73.44		16.83		15.04

		39.55		25.06		19.29

		42.8		19.51		18.78

		19.21		21.84		23.23

		26.56		20.94		21.63

		49.55		16.11		17.81

		44.06		22.2		18.59

		28.42		27.57		21.26

		92.54		12.71		13.38

		35.09		21.48		20.04

		24.36		26.31		22.09

		87.35		8.23		13.8

		48.91		23.27		17.9

		33.8		24.52		20.26

		46.46		28.46		18.24

		68.07		14.5		15.59

		26.54		22.55		21.64

		43.56		22.73		18.67

		48.12		18.8		18.01

		51.62		17.36		17.53

		avpi		yield		yfits

		14.78		3.76		5.074		c12380

		30.87		3.04		4.323

		34		2.51		4.202

		44.14		3.22		3.853

		120.08		2.15		2.376

		37.18		3.94		4.086

		80.46		1.79		2.97

		48.65		1.79		3.716

		32.18		5.55		4.272

		11.08		6.8		5.284

		73.44		4.3		3.108

		39.55		4.83		4.004

		42.8		5.01		3.896

		19.21		3.4		4.842

		26.56		3.22		4.502

		49.55		2.69		3.69

		44.06		4.83		3.856

		28.42		4.12		4.423

		92.54		2.86		2.759

		35.09		5.55		4.162

		24.36		4.3		4.599

		87.35		2.69		2.846

		48.91		3.22		3.709

		33.8		4.48		4.21

		46.46		3.04		3.781

		68.07		3.22		3.222

		26.54		6.98		4.503

		43.56		3.94		3.872

		48.12		6.27		3.732

		51.62		3.94		3.631
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		avpi		Maris Piper		Maris Piper		Glenna		Glenna

		11.08		29.53		30.69		22.91		25.29

		14.78		23.99		27.93		17.54		24.31

		19.21		27.75		25.21		21.84		23.23

		24.36		27.39		22.66		26.31		22.09

		26.54		24.16		21.72		22.55		21.64

		26.56		20.05		21.71		20.94		21.63

		28.42		25.6		20.98		27.57		21.26

		30.87		18.62		20.08		15.04		20.8

		32.18		21.66		19.63		19.69		20.55

		33.8		21.48		19.1		24.52		20.26

		34		18.26		19.04		14.32		20.23

		35.09		20.23		18.7		21.48		20.04

		37.18		17.72		18.08		23.09		19.68

		39.55		14.32		17.43		25.06		19.29

		42.8		8.77		16.61		19.51		18.78

		43.56		17.9		16.43		22.73		18.67

		44.06		15.39		16.32		22.2		18.59

		44.14		11.64		16.3		9.49		18.58

		46.46		23.63		15.78		28.46		18.24

		48.12		18.08		15.43		18.8		18.01

		48.65		11.81		15.32		14.32		17.93

		48.91		16.29		15.27		23.27		17.9

		49.55		13.25		15.14		16.11		17.81

		51.62		13.25		14.74		17.36		17.53

		68.07		6.09		12.17		14.5		15.59

		73.44		12.17		11.51		16.83		15.04

		80.46		5.19		10.76		8.95		14.39

		87.35		12.53		10.1		8.23		13.8

		92.54		15.75		9.66		12.71		13.38

		120		9.85		7.85		7.7		11.55





		



Maris Piper

Maris Piper

Glenna

Glenna

Population at planting (eggs/g soil)

Yield (t/ha)



		avpi		yield		yfits

		20.09		40.14		53.89		Maris Piper

		94.35		34.98		27.12

		61.16		35.43		34.86

		68.04		28.93		32.92

		26.17		59.52		49.86

		58.92		39.33		35.55

		21.87		62.88		52.65

		13.76		50.28		58.84

		30.5		50.5		47.34

		19.47		52.25		54.34

		28.56		47.27		48.44

		40		34.13		42.61

		19.7		55.03		54.17

		30.34		46.82		47.43

		161.55		22.74		18.71

		18.51		62.03		55.04

		39.7		25.16		42.75

		80.49		27.67		29.9

		56.02		37.27		36.48

		32.73		56.18		46.14

		20.96		47.94		53.28

		28.91		54.09		48.24

		96.98		21.3		26.66

		47.99		39.87		39.31

		20.62		52.92		53.51

		37.91		42.2		43.57

		59.11		41.44		35.49

		20.51		59.2		53.59

		26.25		51.98		49.81

		104.96		17.98		25.33

		20.09		52.03		61.9		Morag

		94.35		38.35		40.67

		61.16		64.58		48.03

		68.04		35.88		46.3

		26.17		74.32		59.36

		58.92		50.99		48.63

		21.87		63.15		61.13

		13.76		64.99		64.78

		30.5		42.61		57.67

		19.47		61.76		62.16

		28.56		70.86		58.42

		40		39.42		54.3

		19.7		56.82		62.06

		30.34		48.75		57.74

		161.55		21.26		31.04

		18.51		67.05		62.59

		39.7		59.02		54.4

		80.49		65.48		43.46

		56.02		54.54		49.42

		32.73		51.22		56.85

		20.96		63.51		61.52

		28.91		65.12		58.28

		96.98		45.84		40.19

		47.99		54.36		51.75

		20.62		58.08		61.66

		37.91		60.28		55.01

		59.11		38.44		48.58

		20.51		65.48		61.71

		26.25		54.09		59.33

		104.96		27.76		38.78

		20.09		53.37		55.16		Sante

		94.35		30.05		37.63

		61.16		60.32		43.86

		68.04		48.66		42.4

		26.17		63.82		53.13

		58.92		50.9		44.35

		21.87		56.82		54.55

		13.76		56.33		57.44

		30.5		50.37		51.78

		19.47		54.36		55.38

		28.56		30.36		52.38

		40		58.13		49.03

		19.7		50.59		55.3

		30.34		34.4		51.83

		161.55		28.57		29.22

		18.51		68.75		55.71

		39.7		42.79		49.12

		80.49		35.03		40

		56.02		48.48		45.01

		32.73		54.18		51.11

		20.96		44.4		54.86

		28.91		72.34		52.27

		96.98		49.51		37.21

		47.99		44.04		46.94

		20.62		51.71		54.98

		37.91		31.62		49.61

		59.11		30.86		44.31

		20.51		57.23		55.02

		26.25		70.82		53.11

		104.96		29.82		35.99

		20.09		59.2		50.16		Glenna

		94.35		20.86		35.24

		61.16		50.46		40.64

		68.04		37.9		39.39

		26.17		54.99		48.48

		58.92		47.23		41.07

		21.87		50.28		49.66

		13.76		47.81		52.04

		30.5		37.76		47.35

		19.47		45.43		50.34

		28.56		48.35		47.85

		40		38.87		45.05

		19.7		48.03		50.27

		30.34		40.68		47.39

		161.55		36.19		27.76

		18.51		47.59		50.62

		39.7		52.25		45.12

		80.49		37.14		37.31

		56.02		55.16		41.63

		32.73		38.71		46.79

		20.96		51.53		49.91

		28.91		51.67		47.76

		96.98		37.85		34.87

		47.99		33.14		43.28

		20.62		53.6		50.01

		37.91		56.64		45.53

		59.11		34.04		41.03

		20.51		50.55		50.04

		26.25		49.87		48.46

		104.96		25.34		33.8

		20.09		32.07		28.66		c12380

		94.35		22.2		15.15

		61.16		27.58		19.19

		68.04		15.47		18.19

		26.17		33.64		26.71

		58.92		15.38		19.54

		21.87		20.18		28.06

		13.76		34.35		31.02

		30.5		17.76		25.48

		19.47		39.24		28.88

		28.56		18.07		26.02

		40		25.7		23.13

		19.7		25.92		28.8

		30.34		35.03		25.52

		161.55		8.16		10.62

		18.51		29.56		29.22

		39.7		23.23		23.2

		80.49		20.74		16.61

		56.02		19.78		20.02

		32.73		32.38		24.88

		20.96		24.13		28.37

		28.91		25.52		25.92

		96.98		13.68		14.9

		47.99		14.53		21.47

		20.62		21.66		28.48

		37.91		12.69		23.61

		59.11		11.71		19.51

		20.51		24.76		28.52

		26.25		37.54		26.69

		104.96		18.97		14.19



Figure 3 End of project report

Yield data taken from Nocton Yield Data file. Here to compare tolerance differences between sites
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		avpi N		Maris Piper (peaty loam)		Peaty loam		Maris Piper (Sandy loam)		Sandy loam

		13.76		50.28		58.84

		18.51		62.03		55.04

		19.47		52.25		54.34

		19.7		55.03		54.17

		20.09		40.14		53.89

		20.51		59.2		53.59

		20.62		52.92		53.51

		20.96		47.94		53.28

		21.87		62.88		52.65

		26.17		59.52		49.86

		26.25		51.98		49.81

		28.56		47.27		48.44

		28.91		54.09		48.24

		30.34		46.82		47.43

		30.5		50.5		47.34

		32.73		56.18		46.14

		37.91		42.2		43.57

		39.7		25.16		42.75

		40		34.13		42.61

		47.99		39.87		39.31

		56.02		37.27		36.48

		58.92		39.33		35.55

		59.11		41.44		35.49

		61.16		35.43		34.86

		68.04		28.93		32.92

		80.49		27.67		29.9

		94.35		34.98		27.12

		96.98		21.3		26.66

		104.96		17.98		25.33

		161.55		22.74		18.71

		11.08						29.53		30.69

		14.78						23.99		27.93

		19.21						27.75		25.21

		24.36						27.39		22.66

		26.54						24.16		21.72

		26.56						20.05		21.71

		28.42						25.6		20.98

		30.87						18.62		20.08

		32.18						21.66		19.63

		33.8						21.48		19.1

		34						18.26		19.04

		35.09						20.23		18.7

		37.18						17.72		18.08

		39.55						14.32		17.43

		42.8						8.77		16.61

		43.56						17.9		16.43

		44.06						15.39		16.32

		44.14						11.64		16.3

		46.46						23.63		15.78

		48.12						18.08		15.43

		48.65						11.81		15.32

		48.91						16.29		15.27

		49.55						13.25		15.14

		51.62						13.25		14.74

		68.07						6.09		12.17

		73.44						12.17		11.51

		80.46						5.19		10.76

		87.35						12.53		10.1

		92.54						15.75		9.66

		120						9.85		7.85





		



Maris Piper (peaty loam)

Peaty loam

Maris Piper (Sandy loam)
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Population at planting (Pi)

Yield (t/ha)



		

		Pi		Maris Piper		Cara		Sante

		Pi		Maris Piper		Cara		Sante				Maris Piper		Cara		Sante		x1		Sante (-)

		0.1		3.068422415		3.082730661		0.776991571						30.82730661		7.76991571		1

		1		28.49077508		29.79733887		7.412922585				28.49077508		29.79733887		7.412922585		1

		2		52.6737699		57.41675563		14.08978725				26.33688495		28.708377815		7.044893625		1

		3		73.30123037		83.02237456		20.112237				24.4337434567		27.6741248533		6.704079		1

		4		90.96822981		106.7643527		25.55129517				22.7420574525		26.691088175		6.3878237925		1

		5		106.1509691		128.7802402		30.46897873				21.23019382		25.75604804		6.093795746		1

		6		119.234489		149.1961895		34.91963092				19.8724148333		24.8660315833		5.8199384867		1

		7		130.5330428		168.1280333		38.95102802				18.6475775429		24.0182904714		5.5644325743		1

		8		140.3052906		185.6822466		42.60530324				17.538161325		23.210280825		5.325662905		1

		9		148.7657807		201.9568067		45.91972181				16.5295311889		22.4396451889		5.1021913122		1

		10		156.0937285		217.041964		48.92733415				15.60937285		21.7041964		4.892733415		1

		11		162.4398033		231.0209332		51.65752872				14.7672548455		21.0019030182		4.6961389745		1

		12		167.9314278		243.9705145		54.1365019				13.99428565		20.3308762083		4.5113751583		1

		13		172.6769545		255.9616532		56.38765887				13.2828426538		19.6893579385		4.3375122208		1

		14		176.7689855		267.0599436		58.43195691				12.6263561071		19.0757102571		4.1737112079		1

		15		180.2870321		277.3260842		60.28820052				12.0191354733		18.4884056133		4.019213368		1

		16		183.2996618		286.8162888		61.97329577				11.4562288625		17.92601805		3.8733309856		1

		17		185.8662424		295.5826592		63.50247045				10.9333083765		17.3872152471		3.7354394382		1

		18		188.0383697		303.6735227		64.88946499				10.4465760944		16.8707512611		3.6049702772		1

		19		189.8610413		311.1337385		66.14669872				9.9926863842		16.3754599211		3.4814051958		1

		20		191.3736285		318.0049758		67.28541481				9.568681425		15.90024879		3.3642707405		1

		21		192.6106845		324.3259672		68.31580724				9.1719373571		15.4440936762		3.2531336781		1

		22		193.6026209		330.1327398		69.24713208				8.8001191318		15.0060336273		3.1475969127		1

		23		194.3762747		335.4588246		70.08780537				8.4511423783		14.585166287		3.0472958857		1

		24		194.9553883		340.3354496		70.84548944				8.1231411792		14.1806437333		2.9518953933		1

		25		195.3610147		344.7917145		71.52716906				7.814440588		13.79166858		2.8610867624		1

		26		195.6118636		348.8547513		72.139219				7.5235332154		13.4174904346		2.7745853462		1

		27		195.7245959		352.5498718		72.68746382				7.2490591074		13.0574026593		2.6921282896		1

		28		195.7140766		355.9007017		73.17723113				6.98978845		12.7107393464		2.6134725404		1

		29		195.5935924		358.9293044		73.61339895				6.7446066345		12.3768725655		2.5383930672		1

		30		195.3750391		361.6562946		74.00043804				6.5125013033		12.05520982		2.466681268		1

		31		195.0690839		364.1009427		74.34244966				6.2925510935		11.7451917		2.3981435374		1

		32		194.6853064		366.2812704		74.64319942				6.083915825		11.4462897		2.3325999819		1

		33		194.2323213		368.2141391		74.90614765				5.8858279182		11.1580042152		2.2698832621		1

		34		193.7178852		369.9153319		75.13447668				5.6975848588		10.8798627029		2.2098375494		1

		35		193.1489907		371.3996279		75.33111532				5.5185425914		10.61141794		2.1523175806		1

		36		192.5319482		372.6808718		75.49876103				5.3481096722		10.3522464389		2.0971878064		1

		37		191.8724581		373.772038		75.6398998				5.1857421108		10.101946973		2.0443216162		1

		38		191.1756749		374.6852896		75.75682423				5.0309388132		9.8601392		1.9936006376		1

		39		190.4462629		375.4320334		75.8516498				4.8832375103		9.6264623949		1.9449140974		1

		40		189.6884464		376.0229698		75.92632964				4.74221116		9.400574245		1.898158241		1

		41		188.9060537		376.4681407		75.98266797				4.6074647244		9.1821497732		1.8532358041		1

		42		188.1025559		376.7769723		76.02233222				4.4786322833		8.9708802929		1.810055529		1

		43		187.2811024		376.9583154		76.04686411				4.3553744744		8.7664724512		1.7685317235		1

		44		186.4445517		377.0204835		76.05768974				4.237376175		8.5686473523		1.7285838577		1

		45		185.5954991		376.9712866		76.05612875				4.1243444244		8.3771397022		1.6901361944		1

		46		184.7363017		376.8180642		76.0434027				4.0160065587		8.1916970478		1.65311745		1

		47		183.8691007		376.5677153		76.02064272				3.9121085255		8.0120790489		1.6174604834		1

		48		182.9958413		376.2267257		75.9888965				3.8124133604		7.8380567854		1.5831020104		1

		49		182.1182906		375.8011949		75.94913465				3.7166998082		7.6694121408		1.5499823398		1

		50		181.2380538		375.2968594		75.90225664				3.624761076		7.505937188		1.5180451328		1

		51		180.3565888		374.7191162		75.84909608				3.536403702		7.347433651		1.487237178		1

		52		179.4752195		374.073043		75.7904257				3.4514465288		7.1937123654		1.4575081865		1

		53		178.5951473		373.3634183		75.72696187				3.3697197604		7.0445927981		1.4288106013		1

		54		177.717462		372.5947396		75.65936872				3.2910641111		6.8999025852		1.4010994207		1

		55		176.8431517		371.7712405		75.58826202				3.2153300309		6.7594771		1.3743320367		1

		56		175.9731112		370.8969068		75.51421267				3.1423769857		6.62315905		1.3484680834		1

		57		175.1081505		369.9754911		75.43774994				3.0720728158		6.4907980895		1.3234692972		1

		58		174.2490016		369.0105272		75.35936447				3.004293131		6.362250469		1.2992993874		1

		59		173.3963255		368.0053426		75.27951103				2.9389207712		6.2373786881		1.2759239158		1

		60		172.550718		366.9630716		75.19861107				2.8758453		6.1160511933		1.2533101845		1

		61		171.712715		365.8866656		75.11705505				2.814962541		5.998142059		1.231427132		1

		62		170.8827978		364.7789048		75.03520466				2.7561741581		5.8835307226		1.2102452365		1

		63		170.0613977		363.6424079		74.95339477				2.6993872651		5.7721017127		1.1897364249		1

		64		169.2488998		362.4796412		74.87193535				2.6445140594		5.6637443938		1.1698739898		1

		65		168.4456471		361.292928		74.79111317				2.5914714938		5.5583527385		1.1506325103		1

		66		167.6519439		360.0844566		74.71119339				2.5401809682		5.4558251		1.1319877786		1

		67		166.868059		358.8562877		74.63242108				2.4905680448		5.3560639955		1.1139167325		1

		68		166.0942286		357.6103626		74.55502254				2.4425621853		5.2589759206		1.0963973903		1

		69		165.330659		356.3485091		74.47920661				2.3960965072		5.1644711464		1.0794087914		1

		70		164.5775289		355.0724487		74.40516586				2.3511075557		5.0724635529		1.0629309409		1

		71		163.834992		353.7838021		74.33307768				2.3075350986		4.9828704521		1.0469447561		1

		72		163.1031788		352.4840952		74.26310531				2.2653219278		4.8956124333		1.0314320182		1

		73		162.3821983		351.1747644		74.19539878				2.2244136753		4.810613211		1.0163753258		1

		74		161.6721405		349.8571616		74.1300958				2.1847586554		4.7277994811		1.0017580514		1

		75		160.973077		348.5325588		74.06732261				2.1463076933		4.647100784		0.9875643015		1

		76		160.2850633		347.2021528		74.00719472				2.1090139908		4.5684493789		0.9737788779		1

		77		159.6081399		345.8670694		73.94981763				2.0728329857		4.4917801221		0.9603872419		1

		78		158.9423334		344.528367		73.8952875				2.0377222231		4.4170303462		0.9473754808		1

		79		158.2876577		343.1870409		73.84369178				2.0036412367		4.3441397582		0.9347302757		1

		80		157.6441153		341.8440261		73.79510978				1.9705514413		4.2730503262		0.9224388722		1

		81		157.011698		340.5002012		73.74961322				1.9384160247		4.2037061877		0.9104890521		1

		82		156.3903881		339.1563914		73.70726674				1.9071998549		4.1360535537		0.8988691066		1

		83		155.7801588		337.8133712		73.66812834				1.8768693831		4.0700406169		0.8875678113		1

		84		155.1809755		336.4718674		73.63224986				1.8473925655		4.005617469		0.8765744031		1

		85		154.5927962		335.1325616		73.59967738				1.8187387788		3.9427360188		0.8658785574		1

		86		154.0155721		333.7960928		73.57045158				1.7908787453		3.8813499163		0.8554703672		1

		87		153.4492483		332.4630596		73.54460815				1.7637844632		3.8214144782		0.8453403236		1

		88		152.8937647		331.1340224		73.52217807				1.7374291443		3.7628866182		0.8354792962		1

		89		152.3490559		329.8095057		73.50318797				1.7117871449		3.7057247831		0.8258785165		1

		90		151.8150521		328.4899997		73.4876604				1.6868339122		3.6498888856		0.81652956		1

		91		151.2916793		327.1759625		73.47561411				1.6625459264		3.5953402473		0.8074243309		1

		92		150.7788601		325.8678217		73.46706431				1.6389006533		3.5420415402		0.7985550468		1

		93		150.2765136		324.565976		73.46202292				1.6158764903		3.4899567312		0.7899142249		1

		94		149.7845561		323.2707968		73.46049879				1.5934527245		3.4390510298		0.781494668		1

		95		149.3029011		321.98263		73.46249788				1.5716094853		3.3892908421		0.7732894514		1

		96		148.8314602		320.7017969		73.46802354				1.5503277104		3.3406437177		0.7652919119		1

		97		148.3701425		319.4285956		73.47707659				1.5295890979		3.2930783052		0.7574956349		1

		98		147.9188556		318.1633028		73.48965558				1.5093760776		3.2465643143		0.7498944447		1

		99		147.4775055		316.9061743		73.50575691				1.4896717727		3.2010724677		0.742482393		1

		100		147.0459969		315.6574464		73.52537501				1.470459969		3.156574464		0.7352537501		1

		101		146.6242334		314.4173372		73.54850245				1.4517250832		3.1130429426		0.7282029946		1

		102		146.2121177		313.1860472		73.57513009				1.4334521343		3.0704514431		0.7213248048		1

		103		145.8095515		311.9637604		73.60524723				1.4156267136		3.0287743728		0.7146140508		1

		104		145.4164362		310.7506455		73.63884169				1.3982349635		2.987986976		0.7080657855		1

		105		145.0326726		309.5468563		73.67589994				1.3812635486		2.9480652981		0.7016752375		1

		106		144.6581612		308.3525326		73.71640719				1.364699634		2.9089861566		0.6954378037		1

		107		144.2928024		307.1678013		73.76034754				1.3485308636		2.870727115		0.6893490424		1

		108		143.9364963		305.9927768		73.80770397				1.3327453361		2.8332664519		0.6834046664		1

		109		143.5891433		304.8275616		73.85845854				1.3173315899		2.7965831339		0.6776005371		1

		110		143.2506436		303.6722475		73.91259238				1.3022785782		2.7606567955		0.671932658		1

		111		142.920898		302.5269156		73.97008583				1.2875756577		2.7254677081		0.6663971696		1

		112		142.5998071		301.3916371		74.03091845				1.2732125634		2.6909967598		0.6609903433		1

		113		142.2872724		300.2664741		74.09506914				1.2591794018		2.6572254345		0.6557085765		1

		114		141.9831953		299.1514797		74.16251619				1.2454666254		2.6241357868		0.6505483876		1

		115		141.6874782		298.0466988		74.23323731				1.2320650278		2.5917104243		0.6455064114		1

		116		141.4000236		296.9521686		74.3072097				1.2189657207		2.5599324879		0.640579394		1

		117		141.120735		295.8679188		74.38441012				1.2061601282		2.5287856308		0.6357641891		1

		118		140.8495161		294.7939722		74.46481492				1.1936399669		2.4982540017		0.6310577536		1

		119		140.5862718		293.730345		74.54840008				1.181397242		2.4683222269		0.6264571435		1

		120		140.3309072		292.6770473		74.63514126				1.1694242267		2.4389753942		0.6219595105		1

		121		140.0833286		291.6340834		74.72501385				1.1577134595		2.4101990364		0.6175620979		1

		122		139.8434429		290.6014522		74.81799299				1.1462577287		2.3819791164		0.6132622376		1

		123		139.6111578		289.5791474		74.9140536				1.1350500634		2.3543020114		0.6090573463		1

		124		139.3863819		288.5671579		75.01317043				1.124083725		2.3271544992		0.6049449228		1

		125		139.1690247		287.5654681		75.11531809				1.1133521976		2.3005237448		0.6009225447		1

		126		138.9589964		286.5740581		75.22047106				1.1028491778		2.2743972865		0.5969878656		1

		127		138.7562083		285.5929041		75.32860373				1.0925685693		2.2487630244		0.593138612		1

		128		138.5605727		284.6219785		75.43969043				1.0825044742		2.223609207		0.5893725815		1

		129		138.3720025		283.6612502		75.55370544				1.0726511822		2.1989244202		0.5856876391		1

		130		138.1904117		282.7106848		75.670623				1.0630031669		2.1746975754		0.5820817154		1

		131		138.0157155		281.770245		75.79041737				1.0535550802		2.1509179008		0.5785528044		1

		132		137.8478296		280.8398904		75.91306282				1.0443017394		2.1275749273		0.5750989608		1

		133		137.6866711		279.9195782		76.03853365				1.0352381286		2.1046584827		0.5717182981		1

		134		137.5321577		279.0092628		76.1668042				1.0263593858		2.0821586776		0.5684089866		1

		135		137.3842083		278.1088965		76.29784888				1.0176608022		2.0600659		0.565169251		1

		136		137.2427426		277.2184295		76.43164217				1.0091378132		2.0383708051		0.5619973689		1

		137		137.1076816		276.3378098		76.56815867				1.0007859971		2.0170643051		0.5588916691		1

		138		136.9789469		275.4669837		76.70737305				0.9926010645		1.996137563		0.5558505293		1

		139		136.8564612		274.6058957		76.8492601				0.9845788576		1.9755819835		0.5528723748		1

		140		136.7401483		273.7544888		76.99379474				0.976715345		1.9553892057		0.5499556767		1

		141		136.6299327		272.9127044		77.14095203				0.9690066149		1.935551095		0.5470989506		1

		142		136.5257401		272.0804829		77.29070715				0.9614488739		1.9160597387		0.5443007546		1

		143		136.4274971		271.257763		77.44303545				0.9540384413		1.8969074336		0.5415596885		1

		144		136.3351311		270.4444826		77.59791243				0.9467717437		1.8780866847		0.5388743919		1

		145		136.2485707		269.6405785		77.75531376				0.9396453152		1.8595901966		0.5362435432		1

		146		136.1677452		268.8459865		77.91521528				0.932655789		1.8414108664		0.5336658581		1

		147		136.092585		268.0606417		78.07759299				0.925799898		1.8235417803		0.5311400884		1

		148		136.0230214		267.2844784		78.24242309				0.9190744689		1.8059762054		0.5286650209		1

		149		135.9589865		266.5174302		78.40968195				0.9124764195		1.7887075852		0.5262394762		1

		150		135.9004135		265.7594301		78.57934616				0.9060027567		1.771729534		0.5238623077		1

		151		135.8472363		265.0104105		78.75139246				0.8996505715		1.7550358311		0.5215324004		1

		152		135.7993899		264.2703036		78.92579783				0.8934170388		1.7386204184		0.5192486699		1

		153		135.7568099		263.5390409		79.10253942				0.8872994111		1.7224773915		0.5170100616		1

		154		135.7194332		262.8165538		79.2815946				0.8812950208		1.7066009987		0.5148155494		1

		155		135.6871971		262.1027734		79.46294093				0.8754012716		1.6909856348		0.512664135		1

		156		135.6600401		261.3976303		79.64655621				0.8696156417		1.6756258353		0.5105548475		1

		157		135.6379015		260.7010553		79.8324184				0.8639356783		1.6605162758		0.5084867414		1

		158		135.6207213		260.012979		80.02050571				0.8583589956		1.6456517658		0.5064588969		1

		159		135.6084403		259.3333317		80.21079654				0.8528832723		1.6310272434		0.5044704185		1

		160		135.6010005		258.662044		80.40326952				0.8475062531		1.616637775		0.5025204345		1

		161		135.5983442		257.9990461		80.59790349				0.8422257404		1.6024785472		0.5006080962		1

		162		135.6004148		257.3442687		80.79467748				0.8370395975		1.5885448685		0.498732577		1

		163		135.6071565		256.6976423		80.99357077				0.8319457454		1.5748321613		0.4968930722		1

		164		135.6185142		256.0590976		81.19456283				0.8269421598		1.561335961		0.4950887977		1

		165		135.6344335		255.4285653		81.39763335				0.8220268697		1.5480519109		0.49331899		1

		166		135.654861		254.8059766		81.60276224				0.8171979578		1.5349757627		0.4915829051		1

		167		135.6797438		254.1912625		81.80992962				0.8124535557		1.5221033683		0.4898798181		1

		168		135.7090298		253.5843546		82.01911582				0.807791844		1.5094306821		0.4882090227		1

		169		135.7426678		252.9851845		82.2303014				0.8032110521		1.4969537544		0.4865698308		1

		170		135.7806072		252.3936842		82.4434671				0.7987094541		1.4846687306		0.4849615712		1

		171		135.822798		251.809786		82.6585939				0.7942853684		1.472571848		0.4833835901		1

		172		135.8691911		251.2334224		82.87566298				0.7899371576		1.4606594326		0.4818352499		1

		173		135.9197379		250.6645264		83.09465574				0.7856632249		1.4489278983		0.4803159291		1

		174		135.9743908		250.1030313		83.31555376				0.7814620161		1.4373737431		0.4788250216		1

		175		136.0331025		249.5488707		83.53833885				0.7773320143		1.4259935469		0.4773619363		1

		176		136.0958267		249.0019786		83.76299303				0.7732717426		1.4147839693		0.4759260968		1

		177		136.1625174		248.4622895		83.98949851				0.7692797593		1.4037417486		0.4745169407		1

		178		136.2331295		247.9297383		84.2178377				0.7653546601		1.3928636983		0.4731339197		1

		179		136.3076185		247.4042601		84.44799324				0.7614950754		1.3821467045		0.4717764985		1

		180		136.3859405		246.8857908		84.67994794				0.7576996694		1.3715877267		0.4704441552		1

		181		136.4680523		246.3742665		84.91368482				0.7539671398		1.3611837928		0.4691363802		1

		182		136.5539111		245.8696237		85.1491871				0.7502962148		1.3509319984		0.4678526764		1

		183		136.6434748		245.3717995		85.38643818				0.7466856546		1.3408295055		0.4665925584		1

		184		136.7367021		244.8807315		85.62542168				0.7431342505		1.3308735408		0.4653555526		1

		185		136.833552		244.3963577		85.86612138				0.7396408216		1.321061393		0.4641411966		1

		186		136.9339841		243.9186166		86.10852129				0.7362042156		1.3113904118		0.4629490392		1

		187		137.0379588		243.4474472		86.35260556				0.7328233091		1.3018580064		0.4617786394		1

		188		137.1454368		242.9827889		86.59835857				0.7294970043		1.2924616431		0.4606295669		1

		189		137.2563795		242.5245818		86.84576486				0.7262242302		1.2831988455		0.4595014014		1

		190		137.3707488		242.0727663		87.09480915				0.7230039411		1.2740671911		0.4583937324		1

		191		137.4885071		241.6272834		87.34547637				0.7198351157		1.265064311		0.457306159		1

		192		137.6096174		241.1880745		87.5977516				0.7167167573		1.256187888		0.4562382896		1

		193		137.734043		240.7550819		87.8516201				0.7136478912		1.2474356575		0.4551897415		1

		194		137.8617481		240.3282478		88.10706732				0.7106275675		1.238805401		0.4541601408		1

		195		137.9926971		239.9075154		88.36407888				0.7076548569		1.2302949508		0.4531491225		1

		196		138.126855		239.4928282		88.62264056				0.704728852		1.2219021847		0.4521563294		1

		197		138.2641872		239.0841302		88.88273832				0.701848666		1.2136250264		0.4511814128		1

		198		138.4046596		238.6813661		89.14435828				0.6990134323		1.2054614449		0.4502240317		1

		199		138.5482387		238.284481		89.40748674				0.696222305		1.1974094523		0.449283853		1



Figure 4 Soil differences on the same variety, Maris Piper

Figure 5 Relationship between PCN population and PCN multiplication rates for 
a)Maris Piper b) tolerant Cara and c) partially resistant Sante
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		33.8		18.8		13.45

		46.46		8.95		10.63

		68.07		6.09		7.82

		26.54		19.51		15.88

		43.56		20.59		11.16

		48.12		13.43		10.34

		51.62		3.22		9.79

		avpi		yield		yfits

		14.78		17.54		24.31		Glenna

		30.87		15.04		20.8

		34		14.32		20.23

		44.14		9.49		18.58

		120.08		7.7		11.55

		37.18		23.09		19.68

		80.46		8.95		14.39

		48.65		14.32		17.93

		32.18		19.69		20.55

		11.08		22.91		25.29

		73.44		16.83		15.04

		39.55		25.06		19.29

		42.8		19.51		18.78

		19.21		21.84		23.23

		26.56		20.94		21.63

		49.55		16.11		17.81

		44.06		22.2		18.59

		28.42		27.57		21.26

		92.54		12.71		13.38

		35.09		21.48		20.04

		24.36		26.31		22.09

		87.35		8.23		13.8

		48.91		23.27		17.9

		33.8		24.52		20.26

		46.46		28.46		18.24

		68.07		14.5		15.59

		26.54		22.55		21.64

		43.56		22.73		18.67

		48.12		18.8		18.01

		51.62		17.36		17.53

		avpi		yield		yfits

		14.78		3.76		5.074		c12380

		30.87		3.04		4.323

		34		2.51		4.202

		44.14		3.22		3.853

		120.08		2.15		2.376

		37.18		3.94		4.086

		80.46		1.79		2.97

		48.65		1.79		3.716

		32.18		5.55		4.272

		11.08		6.8		5.284

		73.44		4.3		3.108

		39.55		4.83		4.004

		42.8		5.01		3.896

		19.21		3.4		4.842

		26.56		3.22		4.502

		49.55		2.69		3.69

		44.06		4.83		3.856

		28.42		4.12		4.423

		92.54		2.86		2.759

		35.09		5.55		4.162

		24.36		4.3		4.599

		87.35		2.69		2.846

		48.91		3.22		3.709

		33.8		4.48		4.21

		46.46		3.04		3.781

		68.07		3.22		3.222

		26.54		6.98		4.503

		43.56		3.94		3.872

		48.12		6.27		3.732

		51.62		3.94		3.631





LuffYield data
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Tolerance differences
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Nocton Yield data
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Soil Differences
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Multiplication rates
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Multi rates - restrict Pi

		avpi		Maris Piper		Maris Piper		Glenna		Glenna

		11.08		29.53		30.69		22.91		25.29

		14.78		23.99		27.93		17.54		24.31

		19.21		27.75		25.21		21.84		23.23

		24.36		27.39		22.66		26.31		22.09

		26.54		24.16		21.72		22.55		21.64

		26.56		20.05		21.71		20.94		21.63

		28.42		25.6		20.98		27.57		21.26

		30.87		18.62		20.08		15.04		20.8

		32.18		21.66		19.63		19.69		20.55

		33.8		21.48		19.1		24.52		20.26

		34		18.26		19.04		14.32		20.23

		35.09		20.23		18.7		21.48		20.04

		37.18		17.72		18.08		23.09		19.68

		39.55		14.32		17.43		25.06		19.29

		42.8		8.77		16.61		19.51		18.78

		43.56		17.9		16.43		22.73		18.67

		44.06		15.39		16.32		22.2		18.59

		44.14		11.64		16.3		9.49		18.58

		46.46		23.63		15.78		28.46		18.24

		48.12		18.08		15.43		18.8		18.01

		48.65		11.81		15.32		14.32		17.93

		48.91		16.29		15.27		23.27		17.9

		49.55		13.25		15.14		16.11		17.81

		51.62		13.25		14.74		17.36		17.53

		68.07		6.09		12.17		14.5		15.59

		73.44		12.17		11.51		16.83		15.04

		80.46		5.19		10.76		8.95		14.39

		87.35		12.53		10.1		8.23		13.8

		92.54		15.75		9.66		12.71		13.38

		120		9.85		7.85		7.7		11.55





Multi rates - restrict Pi
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		avpi		yield		yfits

		20.09		40.14		53.89		Maris Piper

		94.35		34.98		27.12

		61.16		35.43		34.86

		68.04		28.93		32.92

		26.17		59.52		49.86

		58.92		39.33		35.55

		21.87		62.88		52.65

		13.76		50.28		58.84

		30.5		50.5		47.34

		19.47		52.25		54.34

		28.56		47.27		48.44

		40		34.13		42.61

		19.7		55.03		54.17

		30.34		46.82		47.43

		161.55		22.74		18.71

		18.51		62.03		55.04

		39.7		25.16		42.75

		80.49		27.67		29.9

		56.02		37.27		36.48

		32.73		56.18		46.14

		20.96		47.94		53.28

		28.91		54.09		48.24

		96.98		21.3		26.66

		47.99		39.87		39.31

		20.62		52.92		53.51

		37.91		42.2		43.57

		59.11		41.44		35.49

		20.51		59.2		53.59

		26.25		51.98		49.81

		104.96		17.98		25.33

		20.09		52.03		61.9		Morag

		94.35		38.35		40.67

		61.16		64.58		48.03

		68.04		35.88		46.3

		26.17		74.32		59.36

		58.92		50.99		48.63

		21.87		63.15		61.13

		13.76		64.99		64.78

		30.5		42.61		57.67

		19.47		61.76		62.16

		28.56		70.86		58.42

		40		39.42		54.3

		19.7		56.82		62.06

		30.34		48.75		57.74

		161.55		21.26		31.04

		18.51		67.05		62.59

		39.7		59.02		54.4

		80.49		65.48		43.46

		56.02		54.54		49.42

		32.73		51.22		56.85

		20.96		63.51		61.52

		28.91		65.12		58.28

		96.98		45.84		40.19

		47.99		54.36		51.75

		20.62		58.08		61.66

		37.91		60.28		55.01

		59.11		38.44		48.58

		20.51		65.48		61.71

		26.25		54.09		59.33

		104.96		27.76		38.78

		20.09		53.37		55.16		Sante

		94.35		30.05		37.63

		61.16		60.32		43.86

		68.04		48.66		42.4

		26.17		63.82		53.13

		58.92		50.9		44.35

		21.87		56.82		54.55

		13.76		56.33		57.44

		30.5		50.37		51.78

		19.47		54.36		55.38

		28.56		30.36		52.38

		40		58.13		49.03

		19.7		50.59		55.3

		30.34		34.4		51.83

		161.55		28.57		29.22

		18.51		68.75		55.71

		39.7		42.79		49.12

		80.49		35.03		40

		56.02		48.48		45.01

		32.73		54.18		51.11

		20.96		44.4		54.86

		28.91		72.34		52.27

		96.98		49.51		37.21

		47.99		44.04		46.94

		20.62		51.71		54.98

		37.91		31.62		49.61

		59.11		30.86		44.31

		20.51		57.23		55.02

		26.25		70.82		53.11

		104.96		29.82		35.99

		20.09		59.2		50.16		Glenna

		94.35		20.86		35.24

		61.16		50.46		40.64

		68.04		37.9		39.39

		26.17		54.99		48.48

		58.92		47.23		41.07

		21.87		50.28		49.66

		13.76		47.81		52.04

		30.5		37.76		47.35

		19.47		45.43		50.34

		28.56		48.35		47.85

		40		38.87		45.05

		19.7		48.03		50.27

		30.34		40.68		47.39

		161.55		36.19		27.76

		18.51		47.59		50.62

		39.7		52.25		45.12

		80.49		37.14		37.31

		56.02		55.16		41.63

		32.73		38.71		46.79

		20.96		51.53		49.91

		28.91		51.67		47.76

		96.98		37.85		34.87

		47.99		33.14		43.28

		20.62		53.6		50.01

		37.91		56.64		45.53

		59.11		34.04		41.03

		20.51		50.55		50.04

		26.25		49.87		48.46

		104.96		25.34		33.8

		20.09		32.07		28.66		c12380

		94.35		22.2		15.15

		61.16		27.58		19.19

		68.04		15.47		18.19

		26.17		33.64		26.71

		58.92		15.38		19.54

		21.87		20.18		28.06

		13.76		34.35		31.02

		30.5		17.76		25.48

		19.47		39.24		28.88

		28.56		18.07		26.02

		40		25.7		23.13

		19.7		25.92		28.8

		30.34		35.03		25.52

		161.55		8.16		10.62

		18.51		29.56		29.22

		39.7		23.23		23.2

		80.49		20.74		16.61

		56.02		19.78		20.02

		32.73		32.38		24.88

		20.96		24.13		28.37

		28.91		25.52		25.92

		96.98		13.68		14.9

		47.99		14.53		21.47

		20.62		21.66		28.48

		37.91		12.69		23.61

		59.11		11.71		19.51

		20.51		24.76		28.52

		26.25		37.54		26.69

		104.96		18.97		14.19



Figure 3 End of project report

Yield data taken from Nocton Yield Data file. Here to compare tolerance differences between sites



		20.09		20.09

		94.35		94.35

		61.16		61.16

		68.04		68.04

		26.17		26.17

		58.92		58.92

		21.87		21.87

		13.76		13.76

		30.5		30.5

		19.47		19.47

		28.56		28.56

		40		40

		19.7		19.7

		30.34		30.34

		161.55		161.55

		18.51		18.51

		39.7		39.7

		80.49		80.49

		56.02		56.02

		32.73		32.73

		20.96		20.96

		28.91		28.91

		96.98		96.98

		47.99		47.99
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		104.96		104.96
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		avpi N		Maris Piper (peaty loam)		Peaty loam		Maris Piper (Sandy loam)		Sandy loam

		13.76		50.28		58.84

		18.51		62.03		55.04

		19.47		52.25		54.34

		19.7		55.03		54.17

		20.09		40.14		53.89

		20.51		59.2		53.59

		20.62		52.92		53.51

		20.96		47.94		53.28

		21.87		62.88		52.65

		26.17		59.52		49.86

		26.25		51.98		49.81

		28.56		47.27		48.44

		28.91		54.09		48.24

		30.34		46.82		47.43

		30.5		50.5		47.34

		32.73		56.18		46.14

		37.91		42.2		43.57

		39.7		25.16		42.75

		40		34.13		42.61

		47.99		39.87		39.31

		56.02		37.27		36.48

		58.92		39.33		35.55

		59.11		41.44		35.49

		61.16		35.43		34.86

		68.04		28.93		32.92

		80.49		27.67		29.9

		94.35		34.98		27.12

		96.98		21.3		26.66

		104.96		17.98		25.33

		161.55		22.74		18.71

		11.08						29.53		30.69

		14.78						23.99		27.93

		19.21						27.75		25.21

		24.36						27.39		22.66

		26.54						24.16		21.72

		26.56						20.05		21.71

		28.42						25.6		20.98

		30.87						18.62		20.08

		32.18						21.66		19.63

		33.8						21.48		19.1

		34						18.26		19.04

		35.09						20.23		18.7

		37.18						17.72		18.08

		39.55						14.32		17.43

		42.8						8.77		16.61

		43.56						17.9		16.43

		44.06						15.39		16.32

		44.14						11.64		16.3

		46.46						23.63		15.78

		48.12						18.08		15.43

		48.65						11.81		15.32

		48.91						16.29		15.27

		49.55						13.25		15.14

		51.62						13.25		14.74

		68.07						6.09		12.17

		73.44						12.17		11.51

		80.46						5.19		10.76

		87.35						12.53		10.1

		92.54						15.75		9.66

		120						9.85		7.85
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Maris Piper (peaty loam)

Peaty loam

Maris Piper (Sandy loam)

Sandy loam

Population at planting (Pi)

Yield (t/ha)

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



		

		Pi		Maris Piper		Cara		Sante

		Pi		Maris Piper		Cara		Sante		Little Pi		Maris Piper		Cara		Sante		x1

		0.1		3.068422415		3.082730661		0.776991571		0.1		30.68422415		30.82730661		7.76991571		1

		1		28.49077508		29.79733887		7.412922585		1		28.49077508		29.79733887		7.412922585		1

		2		52.6737699		57.41675563		14.08978725		6		26.33688495		28.708377815		7.044893625		1

		3		73.30123037		83.02237456		20.112237		11		24.4337434567		27.6741248533		6.704079		1

		4		90.96822981		106.7643527		25.55129517		16		22.7420574525		26.691088175		6.3878237925		1

		5		106.1509691		128.7802402		30.46897873		21		21.23019382		25.75604804		6.093795746		1

		6		119.234489		149.1961895		34.91963092		26		19.8724148333		24.8660315833		5.8199384867		1

		7		130.5330428		168.1280333		38.95102802		31		18.6475775429		24.0182904714		5.5644325743		1

		8		140.3052906		185.6822466		42.60530324		36		17.538161325		23.210280825		5.325662905		1

		9		148.7657807		201.9568067		45.91972181		41		16.5295311889		22.4396451889		5.1021913122		1

		10		156.0937285		217.041964		48.92733415		46		15.60937285		21.7041964		4.892733415		1

		11		162.4398033		231.0209332		51.65752872		51		14.7672548455		21.0019030182		4.6961389745		1

		12		167.9314278		243.9705145		54.1365019		56		13.99428565		20.3308762083		4.5113751583		1

		13		172.6769545		255.9616532		56.38765887		61		13.2828426538		19.6893579385		4.3375122208		1

		14		176.7689855		267.0599436		58.43195691		66		12.6263561071		19.0757102571		4.1737112079		1

		15		180.2870321		277.3260842		60.28820052		71		12.0191354733		18.4884056133		4.019213368		1

		16		183.2996618		286.8162888		61.97329577		76		11.4562288625		17.92601805		3.8733309856		1

		17		185.8662424		295.5826592		63.50247045		81		10.9333083765		17.3872152471		3.7354394382		1

		18		188.0383697		303.6735227		64.88946499		86		10.4465760944		16.8707512611		3.6049702772		1

		19		189.8610413		311.1337385		66.14669872		91		9.9926863842		16.3754599211		3.4814051958		1

		20		191.3736285		318.0049758		67.28541481		96		9.568681425		15.90024879		3.3642707405		1

		21		192.6106845		324.3259672		68.31580724		101		9.1719373571		15.4440936762		3.2531336781		1

		22		193.6026209		330.1327398		69.24713208		106		8.8001191318		15.0060336273		3.1475969127		1

		23		194.3762747		335.4588246		70.08780537		111		8.4511423783		14.585166287		3.0472958857		1

		24		194.9553883		340.3354496		70.84548944		116		8.1231411792		14.1806437333		2.9518953933		1

		25		195.3610147		344.7917145		71.52716906		121		7.814440588		13.79166858		2.8610867624		1

		26		195.6118636		348.8547513		72.139219		126		7.5235332154		13.4174904346		2.7745853462		1

		27		195.7245959		352.5498718		72.68746382		131		7.2490591074		13.0574026593		2.6921282896		1

		28		195.7140766		355.9007017		73.17723113		136		6.98978845		12.7107393464		2.6134725404		1

		29		195.5935924		358.9293044		73.61339895		141		6.7446066345		12.3768725655		2.5383930672		1

		30		195.3750391		361.6562946		74.00043804		146		6.5125013033		12.05520982		2.466681268		1

		31		195.0690839		364.1009427		74.34244966		151		6.2925510935		11.7451917		2.3981435374		1

		32		194.6853064		366.2812704		74.64319942		156		6.083915825		11.4462897		2.3325999819		1

		33		194.2323213		368.2141391		74.90614765		161		5.8858279182		11.1580042152		2.2698832621		1

		34		193.7178852		369.9153319		75.13447668		166		5.6975848588		10.8798627029		2.2098375494		1

		35		193.1489907		371.3996279		75.33111532		171		5.5185425914		10.61141794		2.1523175806		1

		36		192.5319482		372.6808718		75.49876103		176		5.3481096722		10.3522464389		2.0971878064		1

		37		191.8724581		373.772038		75.6398998		181		5.1857421108		10.101946973		2.0443216162		1

		38		191.1756749		374.6852896		75.75682423		186		5.0309388132		9.8601392		1.9936006376		1

		39		190.4462629		375.4320334		75.8516498		191		4.8832375103		9.6264623949		1.9449140974		1

		40		189.6884464		376.0229698		75.92632964		196		4.74221116		9.400574245		1.898158241		1

		41		188.9060537		376.4681407		75.98266797		201		4.6074647244		9.1821497732		1.8532358041		1

		42		188.1025559		376.7769723		76.02233222		206		4.4786322833		8.9708802929		1.810055529		1

		43		187.2811024		376.9583154		76.04686411		211		4.3553744744		8.7664724512		1.7685317235		1

		44		186.4445517		377.0204835		76.05768974		216		4.237376175		8.5686473523		1.7285838577		1

		45		185.5954991		376.9712866		76.05612875				4.1243444244		8.3771397022		1.6901361944		1

		46		184.7363017		376.8180642		76.0434027				4.0160065587		8.1916970478		1.65311745		1

		47		183.8691007		376.5677153		76.02064272				3.9121085255		8.0120790489		1.6174604834		1

		48		182.9958413		376.2267257		75.9888965				3.8124133604		7.8380567854		1.5831020104		1

		49		182.1182906		375.8011949		75.94913465				3.7166998082		7.6694121408		1.5499823398		1

		50		181.2380538		375.2968594		75.90225664				3.624761076		7.505937188		1.5180451328		1

		51		180.3565888		374.7191162		75.84909608				3.536403702		7.347433651		1.487237178		1

		52		179.4752195		374.073043		75.7904257				3.4514465288		7.1937123654		1.4575081865		1

		53		178.5951473		373.3634183		75.72696187				3.3697197604		7.0445927981		1.4288106013		1

		54		177.717462		372.5947396		75.65936872				3.2910641111		6.8999025852		1.4010994207		1

		55		176.8431517		371.7712405		75.58826202				3.2153300309		6.7594771		1.3743320367		1

		56		175.9731112		370.8969068		75.51421267				3.1423769857		6.62315905		1.3484680834		1

		57		175.1081505		369.9754911		75.43774994				3.0720728158		6.4907980895		1.3234692972		1

		58		174.2490016		369.0105272		75.35936447				3.004293131		6.362250469		1.2992993874		1

		59		173.3963255		368.0053426		75.27951103				2.9389207712		6.2373786881		1.2759239158		1

		60		172.550718		366.9630716		75.19861107				2.8758453		6.1160511933		1.2533101845		1

		61		171.712715		365.8866656		75.11705505				2.814962541		5.998142059		1.231427132		1

		62		170.8827978		364.7789048		75.03520466				2.7561741581		5.8835307226		1.2102452365		1

		63		170.0613977		363.6424079		74.95339477				2.6993872651		5.7721017127		1.1897364249		1

		64		169.2488998		362.4796412		74.87193535				2.6445140594		5.6637443938		1.1698739898		1

		65		168.4456471		361.292928		74.79111317				2.5914714938		5.5583527385		1.1506325103		1

		66		167.6519439		360.0844566		74.71119339				2.5401809682		5.4558251		1.1319877786		1

		67		166.868059		358.8562877		74.63242108				2.4905680448		5.3560639955		1.1139167325		1

		68		166.0942286		357.6103626		74.55502254				2.4425621853		5.2589759206		1.0963973903		1

		69		165.330659		356.3485091		74.47920661				2.3960965072		5.1644711464		1.0794087914		1

		70		164.5775289		355.0724487		74.40516586				2.3511075557		5.0724635529		1.0629309409		1

		71		163.834992		353.7838021		74.33307768				2.3075350986		4.9828704521		1.0469447561		1

		72		163.1031788		352.4840952		74.26310531				2.2653219278		4.8956124333		1.0314320182		1

		73		162.3821983		351.1747644		74.19539878				2.2244136753		4.810613211		1.0163753258		1

		74		161.6721405		349.8571616		74.1300958				2.1847586554		4.7277994811		1.0017580514		1

		75		160.973077		348.5325588		74.06732261				2.1463076933		4.647100784		0.9875643015		1

		76		160.2850633		347.2021528		74.00719472				2.1090139908		4.5684493789		0.9737788779		1

		77		159.6081399		345.8670694		73.94981763				2.0728329857		4.4917801221		0.9603872419		1

		78		158.9423334		344.528367		73.8952875				2.0377222231		4.4170303462		0.9473754808		1

		79		158.2876577		343.1870409		73.84369178				2.0036412367		4.3441397582		0.9347302757		1

		80		157.6441153		341.8440261		73.79510978				1.9705514413		4.2730503262		0.9224388722		1

		81		157.011698		340.5002012		73.74961322				1.9384160247		4.2037061877		0.9104890521		1

		82		156.3903881		339.1563914		73.70726674				1.9071998549		4.1360535537		0.8988691066		1

		83		155.7801588		337.8133712		73.66812834				1.8768693831		4.0700406169		0.8875678113		1

		84		155.1809755		336.4718674		73.63224986				1.8473925655		4.005617469		0.8765744031		1

		85		154.5927962		335.1325616		73.59967738				1.8187387788		3.9427360188		0.8658785574		1

		86		154.0155721		333.7960928		73.57045158				1.7908787453		3.8813499163		0.8554703672		1

		87		153.4492483		332.4630596		73.54460815				1.7637844632		3.8214144782		0.8453403236		1

		88		152.8937647		331.1340224		73.52217807				1.7374291443		3.7628866182		0.8354792962		1

		89		152.3490559		329.8095057		73.50318797				1.7117871449		3.7057247831		0.8258785165		1

		90		151.8150521		328.4899997		73.4876604				1.6868339122		3.6498888856		0.81652956		1

		91		151.2916793		327.1759625		73.47561411				1.6625459264		3.5953402473		0.8074243309		1

		92		150.7788601		325.8678217		73.46706431				1.6389006533		3.5420415402		0.7985550468		1

		93		150.2765136		324.565976		73.46202292				1.6158764903		3.4899567312		0.7899142249		1

		94		149.7845561		323.2707968		73.46049879				1.5934527245		3.4390510298		0.781494668		1

		95		149.3029011		321.98263		73.46249788				1.5716094853		3.3892908421		0.7732894514		1

		96		148.8314602		320.7017969		73.46802354				1.5503277104		3.3406437177		0.7652919119		1

		97		148.3701425		319.4285956		73.47707659				1.5295890979		3.2930783052		0.7574956349		1

		98		147.9188556		318.1633028		73.48965558				1.5093760776		3.2465643143		0.7498944447		1

		99		147.4775055		316.9061743		73.50575691				1.4896717727		3.2010724677		0.742482393		1

		100		147.0459969		315.6574464		73.52537501				1.470459969		3.156574464		0.7352537501		1

		101		146.6242334		314.4173372		73.54850245				1.4517250832		3.1130429426		0.7282029946		1

		102		146.2121177		313.1860472		73.57513009				1.4334521343		3.0704514431		0.7213248048		1

		103		145.8095515		311.9637604		73.60524723				1.4156267136		3.0287743728		0.7146140508		1

		104		145.4164362		310.7506455		73.63884169				1.3982349635		2.987986976		0.7080657855		1

		105		145.0326726		309.5468563		73.67589994				1.3812635486		2.9480652981		0.7016752375		1

		106		144.6581612		308.3525326		73.71640719				1.364699634		2.9089861566		0.6954378037		1

		107		144.2928024		307.1678013		73.76034754				1.3485308636		2.870727115		0.6893490424		1

		108		143.9364963		305.9927768		73.80770397				1.3327453361		2.8332664519		0.6834046664		1

		109		143.5891433		304.8275616		73.85845854				1.3173315899		2.7965831339		0.6776005371		1

		110		143.2506436		303.6722475		73.91259238				1.3022785782		2.7606567955		0.671932658		1

		111		142.920898		302.5269156		73.97008583				1.2875756577		2.7254677081		0.6663971696		1

		112		142.5998071		301.3916371		74.03091845				1.2732125634		2.6909967598		0.6609903433		1

		113		142.2872724		300.2664741		74.09506914				1.2591794018		2.6572254345		0.6557085765		1

		114		141.9831953		299.1514797		74.16251619				1.2454666254		2.6241357868		0.6505483876		1

		115		141.6874782		298.0466988		74.23323731				1.2320650278		2.5917104243		0.6455064114		1

		116		141.4000236		296.9521686		74.3072097				1.2189657207		2.5599324879		0.640579394		1

		117		141.120735		295.8679188		74.38441012				1.2061601282		2.5287856308		0.6357641891		1

		118		140.8495161		294.7939722		74.46481492				1.1936399669		2.4982540017		0.6310577536		1

		119		140.5862718		293.730345		74.54840008				1.181397242		2.4683222269		0.6264571435		1

		120		140.3309072		292.6770473		74.63514126				1.1694242267		2.4389753942		0.6219595105		1

		121		140.0833286		291.6340834		74.72501385				1.1577134595		2.4101990364		0.6175620979		1

		122		139.8434429		290.6014522		74.81799299				1.1462577287		2.3819791164		0.6132622376		1

		123		139.6111578		289.5791474		74.9140536				1.1350500634		2.3543020114		0.6090573463		1

		124		139.3863819		288.5671579		75.01317043				1.124083725		2.3271544992		0.6049449228		1

		125		139.1690247		287.5654681		75.11531809				1.1133521976		2.3005237448		0.6009225447		1

		126		138.9589964		286.5740581		75.22047106				1.1028491778		2.2743972865		0.5969878656		1

		127		138.7562083		285.5929041		75.32860373				1.0925685693		2.2487630244		0.593138612		1

		128		138.5605727		284.6219785		75.43969043				1.0825044742		2.223609207		0.5893725815		1

		129		138.3720025		283.6612502		75.55370544				1.0726511822		2.1989244202		0.5856876391		1

		130		138.1904117		282.7106848		75.670623				1.0630031669		2.1746975754		0.5820817154		1

		131		138.0157155		281.770245		75.79041737				1.0535550802		2.1509179008		0.5785528044		1

		132		137.8478296		280.8398904		75.91306282				1.0443017394		2.1275749273		0.5750989608		1

		133		137.6866711		279.9195782		76.03853365				1.0352381286		2.1046584827		0.5717182981		1

		134		137.5321577		279.0092628		76.1668042				1.0263593858		2.0821586776		0.5684089866		1

		135		137.3842083		278.1088965		76.29784888				1.0176608022		2.0600659		0.565169251		1

		136		137.2427426		277.2184295		76.43164217				1.0091378132		2.0383708051		0.5619973689		1

		137		137.1076816		276.3378098		76.56815867				1.0007859971		2.0170643051		0.5588916691		1

		138		136.9789469		275.4669837		76.70737305				0.9926010645		1.996137563		0.5558505293		1

		139		136.8564612		274.6058957		76.8492601				0.9845788576		1.9755819835		0.5528723748		1

		140		136.7401483		273.7544888		76.99379474				0.976715345		1.9553892057		0.5499556767		1

		141		136.6299327		272.9127044		77.14095203				0.9690066149		1.935551095		0.5470989506		1

		142		136.5257401		272.0804829		77.29070715				0.9614488739		1.9160597387		0.5443007546		1

		143		136.4274971		271.257763		77.44303545				0.9540384413		1.8969074336		0.5415596885		1

		144		136.3351311		270.4444826		77.59791243				0.9467717437		1.8780866847		0.5388743919		1

		145		136.2485707		269.6405785		77.75531376				0.9396453152		1.8595901966		0.5362435432		1

		146		136.1677452		268.8459865		77.91521528				0.932655789		1.8414108664		0.5336658581		1

		147		136.092585		268.0606417		78.07759299				0.925799898		1.8235417803		0.5311400884		1

		148		136.0230214		267.2844784		78.24242309				0.9190744689		1.8059762054		0.5286650209		1

		149		135.9589865		266.5174302		78.40968195				0.9124764195		1.7887075852		0.5262394762		1

		150		135.9004135		265.7594301		78.57934616				0.9060027567		1.771729534		0.5238623077		1

		151		135.8472363		265.0104105		78.75139246				0.8996505715		1.7550358311		0.5215324004		1

		152		135.7993899		264.2703036		78.92579783				0.8934170388		1.7386204184		0.5192486699		1

		153		135.7568099		263.5390409		79.10253942				0.8872994111		1.7224773915		0.5170100616		1

		154		135.7194332		262.8165538		79.2815946				0.8812950208		1.7066009987		0.5148155494		1

		155		135.6871971		262.1027734		79.46294093				0.8754012716		1.6909856348		0.512664135		1

		156		135.6600401		261.3976303		79.64655621				0.8696156417		1.6756258353		0.5105548475		1

		157		135.6379015		260.7010553		79.8324184				0.8639356783		1.6605162758		0.5084867414		1

		158		135.6207213		260.012979		80.02050571				0.8583589956		1.6456517658		0.5064588969		1

		159		135.6084403		259.3333317		80.21079654				0.8528832723		1.6310272434		0.5044704185		1

		160		135.6010005		258.662044		80.40326952				0.8475062531		1.616637775		0.5025204345		1

		161		135.5983442		257.9990461		80.59790349				0.8422257404		1.6024785472		0.5006080962		1

		162		135.6004148		257.3442687		80.79467748				0.8370395975		1.5885448685		0.498732577		1

		163		135.6071565		256.6976423		80.99357077				0.8319457454		1.5748321613		0.4968930722		1

		164		135.6185142		256.0590976		81.19456283				0.8269421598		1.561335961		0.4950887977		1

		165		135.6344335		255.4285653		81.39763335				0.8220268697		1.5480519109		0.49331899		1

		166		135.654861		254.8059766		81.60276224				0.8171979578		1.5349757627		0.4915829051		1

		167		135.6797438		254.1912625		81.80992962				0.8124535557		1.5221033683		0.4898798181		1

		168		135.7090298		253.5843546		82.01911582				0.807791844		1.5094306821		0.4882090227		1

		169		135.7426678		252.9851845		82.2303014				0.8032110521		1.4969537544		0.4865698308		1

		170		135.7806072		252.3936842		82.4434671				0.7987094541		1.4846687306		0.4849615712		1

		171		135.822798		251.809786		82.6585939				0.7942853684		1.472571848		0.4833835901		1

		172		135.8691911		251.2334224		82.87566298				0.7899371576		1.4606594326		0.4818352499		1

		173		135.9197379		250.6645264		83.09465574				0.7856632249		1.4489278983		0.4803159291		1

		174		135.9743908		250.1030313		83.31555376				0.7814620161		1.4373737431		0.4788250216		1

		175		136.0331025		249.5488707		83.53833885				0.7773320143		1.4259935469		0.4773619363		1

		176		136.0958267		249.0019786		83.76299303				0.7732717426		1.4147839693		0.4759260968		1

		177		136.1625174		248.4622895		83.98949851				0.7692797593		1.4037417486		0.4745169407		1

		178		136.2331295		247.9297383		84.2178377				0.7653546601		1.3928636983		0.4731339197		1

		179		136.3076185		247.4042601		84.44799324				0.7614950754		1.3821467045		0.4717764985		1

		180		136.3859405		246.8857908		84.67994794				0.7576996694		1.3715877267		0.4704441552		1

		181		136.4680523		246.3742665		84.91368482				0.7539671398		1.3611837928		0.4691363802		1

		182		136.5539111		245.8696237		85.1491871				0.7502962148		1.3509319984		0.4678526764		1

		183		136.6434748		245.3717995		85.38643818				0.7466856546		1.3408295055		0.4665925584		1

		184		136.7367021		244.8807315		85.62542168				0.7431342505		1.3308735408		0.4653555526		1

		185		136.833552		244.3963577		85.86612138				0.7396408216		1.321061393		0.4641411966		1

		186		136.9339841		243.9186166		86.10852129				0.7362042156		1.3113904118		0.4629490392		1

		187		137.0379588		243.4474472		86.35260556				0.7328233091		1.3018580064		0.4617786394		1

		188		137.1454368		242.9827889		86.59835857				0.7294970043		1.2924616431		0.4606295669		1

		189		137.2563795		242.5245818		86.84576486				0.7262242302		1.2831988455		0.4595014014		1

		190		137.3707488		242.0727663		87.09480915				0.7230039411		1.2740671911		0.4583937324		1

		191		137.4885071		241.6272834		87.34547637				0.7198351157		1.265064311		0.457306159		1

		192		137.6096174		241.1880745		87.5977516				0.7167167573		1.256187888		0.4562382896		1

		193		137.734043		240.7550819		87.8516201				0.7136478912		1.2474356575		0.4551897415		1

		194		137.8617481		240.3282478		88.10706732				0.7106275675		1.238805401		0.4541601408		1

		195		137.9926971		239.9075154		88.36407888				0.7076548569		1.2302949508		0.4531491225		1

		196		138.126855		239.4928282		88.62264056				0.704728852		1.2219021847		0.4521563294		1

		197		138.2641872		239.0841302		88.88273832				0.701848666		1.2136250264		0.4511814128		1

		198		138.4046596		238.6813661		89.14435828				0.6990134323		1.2054614449		0.4502240317		1

		199		138.5482387		238.284481		89.40748674				0.696222305		1.1974094523		0.449283853		1



Figure 4 Soil differences on the same variety, Maris Piper

Figure 5 Relationship between PCN population and PCN multiplication rates for 
a)Maris Piper b) tolerant Cara and c) partially resistant Sante
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		Pi		Piper		Cara		Sante		x1		Damage Piper		Cara		Sante				h=		-0.1104								MaxM =		900		should be 900

		0.1		3.0684224146		3.082730661		0.7769915706		0.1		0.9939023647		0.9981017464		0.9966744927				cp =		0.1								M Piper		900		900		225

		1		28.4907750834		29.7973388667		7.4129225855		1		0.9421958635		0.9813363195		0.9677113133

		5		106.1509691412		128.7802401914		30.4689787262		5		0.7652560118		0.9131642932		0.8570227563				M_a_rel =		0.03808								a Piper		34.272		34.272		8.568

		10		156.0937285079		217.0419640342		48.9273341456		10		0.6197689716		0.8402045382		0.7498161148				Piper =		1

		15		180.2870321149		277.3260841846		60.2882005162		15		0.520763711		0.7780408405		0.6664487465				Cara		1								s SL		0.2629

		20		191.3736284902		318.0049757649		67.2854148116		20		0.449032777		0.724441995		0.5997646616				Piper =		1								g Piper		62		200

		25		195.3610147127		344.7917144658		71.527169064		25		0.3946701921		0.6777519979		0.5452114403				Cara		1								c Piper		16.2998		52.58

		30		195.3750390834		361.6562946485		74.0004380408		30		0.3520490369		0.6367159118		0.4997548799				Sante r		0.25								c sante		29.9706

		35		193.1489907368		371.399627867		75.3311153243		35		0.3177361315		0.6003653802		0.461294801				g		114

		40		189.6884464441		376.0229698175		75.9263296421		40		0.2895179024		0.56794124		0.4283313277

		45		185.5954990678		376.9712865566		76.0561287487		45		0.2659029883		0.5388399262		0.3997647078

		50		181.2380537738		375.2968594353		75.902256642		50		0.2458499121		0.5125755508		0.3747702281

		55		176.8431516572		371.7712405265		75.5882620191		55		0.2286093369		0.4887525562		0.3527172928

		60		172.5507179849		366.9630715523		75.1986110687		60		0.213628345		0.4670456564		0.3331154844

		65		168.445647058		361.2929280476		74.7911131673		65		0.2004900381		0.4471848954		0.315577663

		70		164.5775289296		355.0724486963		74.4051658611		70		0.1888741341		0.4289443629		0.2997941395

		75		160.9730769779		348.5325588015		74.0673226137		75		0.1785305116		0.4121335633		0.2855142297

		80		157.6441152943		341.8440260512		73.7951097779		80		0.1692609953		0.3965907377		0.2725328406

		85		154.5927961769		335.1325616385		73.5996773778		85		0.1609065368		0.3821776421		0.2606805566

		90		151.8150520636		328.4899997011		73.4876603958		90		0.1533380119		0.3687754243		0.249816205

		95		149.3029011473		321.9826300414		73.4624978838		95		0.1464494995		0.3562813389		0.2398212059

		100		147.0459969474		315.6574463916		73.52537501		100		0.1401532935		0.3446061083		0.2305952269

		105		145.0326725884		309.5468562975		73.6758999364		105		0.134376149		0.3336717858		0.2220528026

		110		143.2506436414		303.6722475008		73.9125923818		110		0.1290564197		0.3234100135		0.2141206796

		115		141.6874782004		298.0466988231		74.2332373053		115		0.1241418494		0.313760592		0.2067357106

		120		140.3309072119		292.6770472692		74.6351412621		120		0.1195878497		0.3046702978		0.1998431693

		125		139.1690246711		287.5654681151		75.1153180884		125		0.1153561435		0.2960919022		0.1933953924

		130		138.1904117279		282.7106848351		75.6706229998		130		0.1114136861		0.2879833498		0.1873506757

		135		137.3842082527		278.1088965034		76.2978488755		135		0.1077318014		0.280307069		0.1816723707

		140		136.7401482614		273.7544887613		76.9937947405		140		0.1042854821		0.2730293904		0.1763281415

		145		136.2485706793		269.6405784541		77.7553137639		145		0.1010528221		0.2661200526		0.171289348

		150		135.9004135127		265.759430097		78.5793461552		150		0.0980145496		0.259551782		0.1665305333

		155		135.6871971033		262.1027733568		79.4629409343		155		0.0951536429		0.2532999326		0.1620289927

		160		135.6010004662		258.6620439644		80.403269523		160		0.0924550113		0.2473421771		0.157764412

		165		135.6344335169		255.428565326		81.3976333495		165		0.0899052288		0.2416582406		0.1537185606

		170		135.7806071511		252.393684184		82.4434671014		170		0.0874923108		0.2362296702		0.1498750316

		175		136.0331025367		249.5488706743		83.5383388482		175		0.0852055256		0.2310396344		0.1462190187

		180		136.3859405471		246.885790818		84.6799479427		180		0.0830352349		0.2260727492		0.1427371261

		185		136.8335519565		244.3963577063		85.8661213848		185		0.080972758		0.2213149255		0.139417204

		190		137.3707487997		242.0727662585		87.0948091527		190		0.0790102559		0.216753236		0.1362482077

		195		137.9926971401		239.9075153616		88.3640788798		195		0.0771406315		0.2123757977		0.1332200741

		200		138.6948913828		237.8934203697		89.6721101549		200		0.0753574437		0.2081716684		0.1303236153

		205		139.4731301867		236.0236182869		91.017188651		205		0.0736548338		0.2041307555		0.1275504255

		210		140.3234939812		234.2915674538		92.3977002301		210		0.0720274609		0.2002437352		0.1248927994

		215		141.2423240533		232.6910431552		93.8121251305		215		0.0704704457		0.1965019807		0.1223436608

		220		142.226203148		231.2161302557		95.2590323118		220		0.068979322		0.192897498		0.1198964998
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		29		29		29		29

		30		30		30		30

		31		31		31		31

		32		32		32		32

		33		33		33		33

		34		34		34		34

		35		35		35		35

		36		36		36		36

		37		37		37		37

		38		38		38		38

		39		39		39		39

		40		40		40		40

		41		41		41		41

		42		42		42		42

		43		43		43		43

		44		44		44		44

		45		45		45		45

		46		46		46		46

		47		47		47		47

		48		48		48		48

		49		49		49		49

		50		50		50		50

		51		51		51		51

		52		52		52		52

		53		53		53		53

		54		54		54		54

		55		55		55		55

		56		56		56		56

		57		57		57		57

		58		58		58		58

		59		59		59		59

		60		60		60		60

		61		61		61		61

		62		62		62		62

		63		63		63		63

		64		64		64		64

		65		65		65		65

		66		66		66		66

		67		67		67		67

		68		68		68		68

		69		69		69		69

		70		70		70		70

		71		71		71		71

		72		72		72		72

		73		73		73		73

		74		74		74		74

		75		75		75		75

		76		76		76		76

		77		77		77		77

		78		78		78		78

		79		79		79		79

		80		80		80		80

		81		81		81		81

		82		82		82		82

		83		83		83		83

		84		84		84		84

		85		85		85		85

		86		86		86		86

		87		87		87		87

		88		88		88		88

		89		89		89		89

		90		90		90		90

		91		91		91		91

		92		92		92		92

		93		93		93		93

		94		94		94		94

		95		95		95		95

		96		96		96		96

		97		97		97		97

		98		98		98		98

		99		99		99		99

		100		100		100		100

		101		101		101		101

		102		102		102		102

		103		103		103		103

		104		104		104		104

		105		105		105		105

		106		106		106		106

		107		107		107		107

		108		108		108		108

		109		109		109		109

		110		110		110		110

		111		111		111		111

		112		112		112		112

		113		113		113		113

		114		114		114		114

		115		115		115		115

		116		116		116		116

		117		117		117		117

		118		118		118		118

		119		119		119		119

		120		120		120		120

		121		121		121		121

		122		122		122		122

		123		123		123		123

		124		124		124		124

		125		125		125		125

		126		126		126		126

		127		127		127		127

		128		128		128		128

		129		129		129		129

		130		130		130		130

		131		131		131		131

		132		132		132		132

		133		133		133		133

		134		134		134		134

		135		135		135		135

		136		136		136		136

		137		137		137		137

		138		138		138		138

		139		139		139		139

		140		140		140		140

		141		141		141		141

		142		142		142		142

		143		143		143		143

		144		144		144		144

		145		145		145		145

		146		146		146		146

		147		147		147		147

		148		148		148		148

		149		149		149		149

		150		150		150		150

		151		151		151		151

		152		152		152		152

		153		153		153		153

		154		154		154		154

		155		155		155		155

		156		156		156		156

		157		157		157		157

		158		158		158		158

		159		159		159		159

		160		160		160		160

		161		161		161		161

		162		162		162		162

		163		163		163		163

		164		164		164		164

		165		165		165		165

		166		166		166		166

		167		167		167		167

		168		168		168		168

		169		169		169		169

		170		170		170		170

		171		171		171		171

		172		172		172		172

		173		173		173		173

		174		174		174		174

		175		175		175		175

		176		176		176		176

		177		177		177		177

		178		178		178		178

		179		179		179		179

		180		180		180		180

		181		181		181		181

		182		182		182		182

		183		183		183		183

		184		184		184		184

		185		185		185		185

		186		186		186		186

		187		187		187		187

		188		188		188		188

		189		189		189		189

		190		190		190		190

		191		191		191		191

		192		192		192		192

		193		193		193		193

		194		194		194		194

		195		195		195		195

		196		196		196		196

		197		197		197		197

		198		198		198		198

		199		199		199		199



Cara

Maris Piper

Sante

no multiplication

Maris Piper

Cara
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x1

Population density at planting
( Pi eggs/g soil)

Multiplication rate

30.68422415

30.82730661

7.76991571

1

28.49077508

29.79733887

7.412922585

1

26.33688495

28.708377815

7.044893625

1

24.4337434567

27.6741248533

6.704079

1

22.7420574525

26.691088175

6.3878237925

1

21.23019382

25.75604804

6.093795746

1

19.8724148333

24.8660315833

5.8199384867

1

18.6475775429

24.0182904714

5.5644325743

1

17.538161325

23.210280825

5.325662905

1

16.5295311889

22.4396451889

5.1021913122

1

15.60937285

21.7041964

4.892733415

1

14.7672548455

21.0019030182

4.6961389745

1

13.99428565

20.3308762083

4.5113751583

1

13.2828426538

19.6893579385

4.3375122208

1

12.6263561071

19.0757102571

4.1737112079

1

12.0191354733

18.4884056133

4.019213368

1

11.4562288625

17.92601805

3.8733309856

1

10.9333083765

17.3872152471

3.7354394382

1

10.4465760944

16.8707512611

3.6049702772

1

9.9926863842

16.3754599211

3.4814051958

1

9.568681425

15.90024879

3.3642707405

1

9.1719373571

15.4440936762

3.2531336781

1

8.8001191318

15.0060336273

3.1475969127

1

8.4511423783

14.585166287

3.0472958857

1

8.1231411792

14.1806437333

2.9518953933

1

7.814440588

13.79166858

2.8610867624

1

7.5235332154

13.4174904346

2.7745853462

1

7.2490591074

13.0574026593

2.6921282896

1

6.98978845

12.7107393464

2.6134725404

1

6.7446066345

12.3768725655

2.5383930672

1

6.5125013033

12.05520982

2.466681268

1

6.2925510935

11.7451917

2.3981435374

1

6.083915825

11.4462897

2.3325999819

1

5.8858279182

11.1580042152

2.2698832621

1

5.6975848588

10.8798627029

2.2098375494

1

5.5185425914

10.61141794

2.1523175806

1

5.3481096722

10.3522464389

2.0971878064

1

5.1857421108

10.101946973

2.0443216162

1

5.0309388132

9.8601392

1.9936006376

1

4.8832375103

9.6264623949

1.9449140974

1

4.74221116

9.400574245

1.898158241

1

4.6074647244

9.1821497732

1.8532358041

1

4.4786322833

8.9708802929

1.810055529

1

4.3553744744

8.7664724512

1.7685317235

1

4.237376175

8.5686473523

1.7285838577

1

4.1243444244

8.3771397022

1.6901361944

1

4.0160065587

8.1916970478

1.65311745

1

3.9121085255

8.0120790489

1.6174604834

1

3.8124133604

7.8380567854

1.5831020104

1

3.7166998082

7.6694121408

1.5499823398

1

3.624761076

7.505937188

1.5180451328

1

3.536403702

7.347433651

1.487237178

1

3.4514465288

7.1937123654

1.4575081865

1

3.3697197604

7.0445927981

1.4288106013

1

3.2910641111
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1
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6.7594771

1.3743320367

1

3.1423769857

6.62315905

1.3484680834

1

3.0720728158

6.4907980895

1.3234692972

1

3.004293131

6.362250469

1.2992993874

1

2.9389207712

6.2373786881

1.2759239158

1

2.8758453

6.1160511933

1.2533101845

1

2.814962541

5.998142059

1.231427132

1

2.7561741581

5.8835307226

1.2102452365

1

2.6993872651

5.7721017127

1.1897364249

1

2.6445140594

5.6637443938

1.1698739898

1

2.5914714938

5.5583527385

1.1506325103

1

2.5401809682

5.4558251

1.1319877786

1

2.4905680448

5.3560639955

1.1139167325

1

2.4425621853

5.2589759206

1.0963973903

1

2.3960965072

5.1644711464

1.0794087914

1

2.3511075557

5.0724635529

1.0629309409

1

2.3075350986

4.9828704521

1.0469447561

1

2.2653219278

4.8956124333

1.0314320182

1

2.2244136753

4.810613211

1.0163753258

1

2.1847586554

4.7277994811

1.0017580514

1

2.1463076933

4.647100784

0.9875643015

1

2.1090139908

4.5684493789

0.9737788779

1

2.0728329857

4.4917801221

0.9603872419

1

2.0377222231

4.4170303462

0.9473754808

1

2.0036412367

4.3441397582

0.9347302757

1

1.9705514413

4.2730503262

0.9224388722

1

1.9384160247

4.2037061877

0.9104890521

1

1.9071998549

4.1360535537

0.8988691066

1

1.8768693831

4.0700406169

0.8875678113

1

1.8473925655

4.005617469

0.8765744031

1

1.8187387788

3.9427360188

0.8658785574

1

1.7908787453

3.8813499163

0.8554703672

1

1.7637844632

3.8214144782

0.8453403236

1

1.7374291443

3.7628866182

0.8354792962

1

1.7117871449

3.7057247831

0.8258785165

1

1.6868339122

3.6498888856

0.81652956

1

1.6625459264

3.5953402473

0.8074243309

1

1.6389006533

3.5420415402

0.7985550468

1

1.6158764903

3.4899567312

0.7899142249

1

1.5934527245

3.4390510298

0.781494668

1

1.5716094853

3.3892908421

0.7732894514

1

1.5503277104

3.3406437177

0.7652919119

1

1.5295890979

3.2930783052

0.7574956349

1

1.5093760776

3.2465643143

0.7498944447

1

1.4896717727

3.2010724677

0.742482393

1

1.470459969

3.156574464

0.7352537501

1

1.4517250832

3.1130429426

0.7282029946

1

1.4334521343

3.0704514431

0.7213248048

1

1.4156267136

3.0287743728

0.7146140508

1

1.3982349635

2.987986976

0.7080657855

1

1.3812635486

2.9480652981

0.7016752375

1

1.364699634

2.9089861566

0.6954378037

1

1.3485308636

2.870727115

0.6893490424

1

1.3327453361

2.8332664519

0.6834046664

1

1.3173315899

2.7965831339

0.6776005371

1

1.3022785782

2.7606567955

0.671932658

1

1.2875756577

2.7254677081

0.6663971696

1

1.2732125634

2.6909967598

0.6609903433

1

1.2591794018

2.6572254345

0.6557085765

1

1.2454666254

2.6241357868

0.6505483876

1

1.2320650278

2.5917104243

0.6455064114

1

1.2189657207

2.5599324879

0.640579394

1

1.2061601282

2.5287856308

0.6357641891

1

1.1936399669

2.4982540017

0.6310577536

1

1.181397242

2.4683222269

0.6264571435

1

1.1694242267

2.4389753942

0.6219595105

1

1.1577134595

2.4101990364

0.6175620979

1

1.1462577287

2.3819791164

0.6132622376

1

1.1350500634

2.3543020114

0.6090573463

1

1.124083725

2.3271544992

0.6049449228

1

1.1133521976

2.3005237448

0.6009225447

1

1.1028491778

2.2743972865

0.5969878656

1

1.0925685693

2.2487630244

0.593138612

1

1.0825044742

2.223609207

0.5893725815

1

1.0726511822

2.1989244202

0.5856876391

1

1.0630031669

2.1746975754

0.5820817154

1

1.0535550802

2.1509179008

0.5785528044

1

1.0443017394

2.1275749273

0.5750989608

1

1.0352381286

2.1046584827

0.5717182981

1

1.0263593858

2.0821586776

0.5684089866

1

1.0176608022

2.0600659

0.565169251

1

1.0091378132

2.0383708051

0.5619973689

1

1.0007859971

2.0170643051

0.5588916691

1

0.9926010645

1.996137563

0.5558505293

1

0.9845788576

1.9755819835

0.5528723748

1

0.976715345

1.9553892057

0.5499556767

1

0.9690066149

1.935551095

0.5470989506

1

0.9614488739

1.9160597387

0.5443007546

1

0.9540384413

1.8969074336

0.5415596885

1

0.9467717437

1.8780866847

0.5388743919

1

0.9396453152

1.8595901966

0.5362435432

1

0.932655789

1.8414108664

0.5336658581

1

0.925799898

1.8235417803

0.5311400884

1

0.9190744689

1.8059762054

0.5286650209

1

0.9124764195

1.7887075852

0.5262394762

1

0.9060027567

1.771729534

0.5238623077

1

0.8996505715

1.7550358311

0.5215324004

1

0.8934170388

1.7386204184

0.5192486699

1

0.8872994111

1.7224773915

0.5170100616

1

0.8812950208

1.7066009987

0.5148155494

1

0.8754012716

1.6909856348

0.512664135

1

0.8696156417

1.6756258353

0.5105548475

1

0.8639356783

1.6605162758

0.5084867414

1

0.8583589956

1.6456517658

0.5064588969

1

0.8528832723

1.6310272434

0.5044704185

1

0.8475062531

1.616637775

0.5025204345

1

0.8422257404

1.6024785472

0.5006080962

1

0.8370395975

1.5885448685

0.498732577

1

0.8319457454

1.5748321613

0.4968930722

1

0.8269421598

1.561335961

0.4950887977

1

0.8220268697

1.5480519109

0.49331899

1

0.8171979578

1.5349757627

0.4915829051

1

0.8124535557

1.5221033683

0.4898798181

1

0.807791844

1.5094306821

0.4882090227

1

0.8032110521

1.4969537544

0.4865698308

1

0.7987094541

1.4846687306

0.4849615712

1

0.7942853684

1.472571848

0.4833835901

1

0.7899371576

1.4606594326

0.4818352499

1

0.7856632249

1.4489278983

0.4803159291

1

0.7814620161

1.4373737431

0.4788250216

1

0.7773320143

1.4259935469

0.4773619363

1

0.7732717426

1.4147839693

0.4759260968

1

0.7692797593

1.4037417486

0.4745169407

1

0.7653546601

1.3928636983

0.4731339197

1

0.7614950754

1.3821467045

0.4717764985

1

0.7576996694

1.3715877267

0.4704441552

1

0.7539671398

1.3611837928

0.4691363802

1

0.7502962148

1.3509319984

0.4678526764

1

0.7466856546

1.3408295055

0.4665925584

1

0.7431342505

1.3308735408

0.4653555526

1

0.7396408216

1.321061393

0.4641411966

1

0.7362042156

1.3113904118

0.4629490392

1

0.7328233091

1.3018580064

0.4617786394

1

0.7294970043

1.2924616431

0.4606295669

1

0.7262242302

1.2831988455

0.4595014014

1

0.7230039411

1.2740671911

0.4583937324

1

0.7198351157

1.265064311

0.457306159

1

0.7167167573

1.256187888

0.4562382896

1

0.7136478912

1.2474356575

0.4551897415

1

0.7106275675

1.238805401

0.4541601408

1

0.7076548569

1.2302949508

0.4531491225

1

0.704728852

1.2219021847

0.4521563294

1

0.701848666

1.2136250264

0.4511814128

1

0.6990134323

1.2054614449

0.4502240317

1

0.696222305

1.1974094523

0.449283853

1
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		42.8		42.8		42.8		42.8

		43.56		43.56		43.56		43.56

		44.06		44.06		44.06		44.06

		44.14		44.14		44.14		44.14

		46.46		46.46		46.46		46.46

		48.12		48.12		48.12		48.12

		48.65		48.65		48.65		48.65

		48.91		48.91		48.91		48.91

		49.55		49.55		49.55		49.55

		51.62		51.62		51.62		51.62

		68.07		68.07		68.07		68.07

		73.44		73.44		73.44		73.44

		80.46		80.46		80.46		80.46

		87.35		87.35		87.35		87.35

		92.54		92.54		92.54		92.54

		120		120		120		120
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Glenna

Glenna

Population at planting (eggs/g soil)

Yield (t/ha)
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20.23
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14.32
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19.29
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17.9

16.43
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11.64

16.3

9.49

18.58
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28.46

18.24

18.08

15.43
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18.01

11.81

15.32

14.32

17.93

16.29

15.27

23.27

17.9

13.25

15.14

16.11

17.81

13.25

14.74

17.36

17.53

6.09

12.17

14.5

15.59

12.17

11.51

16.83

15.04

5.19

10.76

8.95

14.39

12.53

10.1

8.23

13.8

15.75

9.66

12.71

13.38

9.85

7.85

7.7

11.55



LuffYield data

		avpi		yield		yfits

		14.78		24.34		26.22		Maris Piper

		30.87		10.38		17.79

		34		9.85		16.74

		44.14		10.02		14.06

		120.08		5.37		6.39

		37.18		21.84		15.8

		80.46		3.04		8.93

		48.65		12.71		13.12

		32.18		20.23		17.34

		11.08		23.81		29.42

		73.44		2.69		9.61

		39.55		3.94		15.16

		42.8		16.65		14.36

		19.21		26.49		23.19

		26.56		20.23		19.46

		49.55		9.13		12.95

		44.06		16.65		14.08

		28.42		23.99		18.7

		92.54		6.27		7.97

		35.09		13.25		16.41

		24.36		29		20.45

		87.35		3.58		8.36

		48.91		17.01		13.08

		33.8		16.83		16.8

		46.46		20.59		13.56

		68.07		8.77		10.2

		26.54		26.31		19.47

		43.56		13.43		14.19

		48.12		23.81		13.23

		51.62		12.53		12.57

		avpi		yield		yfits

		14.78		23.99		27.93		Morag

		30.87		18.62		20.08

		34		18.26		19.04

		44.14		11.64		16.3

		120.08		9.85		7.85

		37.18		17.72		18.08

		80.46		5.19		10.76

		48.65		11.81		15.32

		32.18		21.66		19.63

		11.08		29.53		30.69

		73.44		12.17		11.51

		39.55		14.32		17.43

		42.8		8.77		16.61

		19.21		27.75		25.21

		26.56		20.05		21.71

		49.55		13.25		15.14

		44.06		15.39		16.32

		28.42		25.6		20.98

		92.54		15.75		9.66

		35.09		20.23		18.7

		24.36		27.39		22.66

		87.35		12.53		10.1

		48.91		16.29		15.27

		33.8		21.48		19.1

		46.46		23.63		15.78

		68.07		6.09		12.17

		26.54		24.16		21.72

		43.56		17.9		16.43

		48.12		18.08		15.43

		51.62		13.25		14.74

		avpi		yield		yfits

		14.78		15.04		22.42		Sante

		30.87		10.02		14.34

		34		11.28		13.4

		44.14		6.44		11.05

		120.08		3.94		4.78

		37.18		13.96		12.56

		80.46		1.79		6.79

		48.65		6.44		10.25

		32.18		6.8		13.93

		11.08		25.78		25.75

		73.44		3.76		7.34

		39.55		12.35		12

		42.8		14.86		11.31

		19.21		23.63		19.4

		26.56		13.43		15.87

		49.55		10.02		10.11

		44.06		11.99		11.07

		28.42		26.31		15.17

		92.54		8.77		6.02

		35.09		10.02		13.1

		24.36		21.12		16.79

		87.35		3.4		6.33

		48.91		12.53		10.21

		33.8		18.8		13.45

		46.46		8.95		10.63

		68.07		6.09		7.82

		26.54		19.51		15.88

		43.56		20.59		11.16

		48.12		13.43		10.34

		51.62		3.22		9.79

		avpi		yield		yfits

		14.78		17.54		24.31		Glenna

		30.87		15.04		20.8

		34		14.32		20.23

		44.14		9.49		18.58

		120.08		7.7		11.55

		37.18		23.09		19.68

		80.46		8.95		14.39

		48.65		14.32		17.93

		32.18		19.69		20.55

		11.08		22.91		25.29

		73.44		16.83		15.04

		39.55		25.06		19.29

		42.8		19.51		18.78

		19.21		21.84		23.23

		26.56		20.94		21.63

		49.55		16.11		17.81

		44.06		22.2		18.59

		28.42		27.57		21.26

		92.54		12.71		13.38

		35.09		21.48		20.04

		24.36		26.31		22.09

		87.35		8.23		13.8

		48.91		23.27		17.9

		33.8		24.52		20.26

		46.46		28.46		18.24

		68.07		14.5		15.59

		26.54		22.55		21.64

		43.56		22.73		18.67

		48.12		18.8		18.01

		51.62		17.36		17.53

		avpi		yield		yfits

		14.78		3.76		5.074		c12380

		30.87		3.04		4.323

		34		2.51		4.202

		44.14		3.22		3.853

		120.08		2.15		2.376

		37.18		3.94		4.086

		80.46		1.79		2.97

		48.65		1.79		3.716

		32.18		5.55		4.272

		11.08		6.8		5.284

		73.44		4.3		3.108

		39.55		4.83		4.004

		42.8		5.01		3.896

		19.21		3.4		4.842

		26.56		3.22		4.502

		49.55		2.69		3.69

		44.06		4.83		3.856

		28.42		4.12		4.423

		92.54		2.86		2.759

		35.09		5.55		4.162

		24.36		4.3		4.599

		87.35		2.69		2.846

		48.91		3.22		3.709

		33.8		4.48		4.21

		46.46		3.04		3.781

		68.07		3.22		3.222

		26.54		6.98		4.503

		43.56		3.94		3.872

		48.12		6.27		3.732

		51.62		3.94		3.631
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		avpi		Maris Piper		Maris Piper		Glenna		Glenna

		11.08		29.53		30.69		22.91		25.29

		14.78		23.99		27.93		17.54		24.31

		19.21		27.75		25.21		21.84		23.23

		24.36		27.39		22.66		26.31		22.09

		26.54		24.16		21.72		22.55		21.64

		26.56		20.05		21.71		20.94		21.63

		28.42		25.6		20.98		27.57		21.26

		30.87		18.62		20.08		15.04		20.8

		32.18		21.66		19.63		19.69		20.55

		33.8		21.48		19.1		24.52		20.26

		34		18.26		19.04		14.32		20.23

		35.09		20.23		18.7		21.48		20.04

		37.18		17.72		18.08		23.09		19.68

		39.55		14.32		17.43		25.06		19.29

		42.8		8.77		16.61		19.51		18.78

		43.56		17.9		16.43		22.73		18.67

		44.06		15.39		16.32		22.2		18.59

		44.14		11.64		16.3		9.49		18.58

		46.46		23.63		15.78		28.46		18.24

		48.12		18.08		15.43		18.8		18.01

		48.65		11.81		15.32		14.32		17.93

		48.91		16.29		15.27		23.27		17.9

		49.55		13.25		15.14		16.11		17.81

		51.62		13.25		14.74		17.36		17.53

		68.07		6.09		12.17		14.5		15.59

		73.44		12.17		11.51		16.83		15.04

		80.46		5.19		10.76		8.95		14.39

		87.35		12.53		10.1		8.23		13.8

		92.54		15.75		9.66		12.71		13.38

		120		9.85		7.85		7.7		11.55





		



Maris Piper

Maris Piper

Glenna

Glenna

Population at planting (eggs/g soil)

Yield (t/ha)



		avpi		yield		yfits

		20.09		40.14		53.89		Maris Piper

		94.35		34.98		27.12

		61.16		35.43		34.86

		68.04		28.93		32.92

		26.17		59.52		49.86

		58.92		39.33		35.55

		21.87		62.88		52.65

		13.76		50.28		58.84

		30.5		50.5		47.34

		19.47		52.25		54.34

		28.56		47.27		48.44

		40		34.13		42.61

		19.7		55.03		54.17

		30.34		46.82		47.43

		161.55		22.74		18.71

		18.51		62.03		55.04

		39.7		25.16		42.75

		80.49		27.67		29.9

		56.02		37.27		36.48

		32.73		56.18		46.14

		20.96		47.94		53.28

		28.91		54.09		48.24

		96.98		21.3		26.66

		47.99		39.87		39.31

		20.62		52.92		53.51

		37.91		42.2		43.57

		59.11		41.44		35.49

		20.51		59.2		53.59

		26.25		51.98		49.81

		104.96		17.98		25.33

		20.09		52.03		61.9		Morag

		94.35		38.35		40.67

		61.16		64.58		48.03

		68.04		35.88		46.3

		26.17		74.32		59.36

		58.92		50.99		48.63

		21.87		63.15		61.13

		13.76		64.99		64.78

		30.5		42.61		57.67

		19.47		61.76		62.16

		28.56		70.86		58.42

		40		39.42		54.3

		19.7		56.82		62.06

		30.34		48.75		57.74

		161.55		21.26		31.04

		18.51		67.05		62.59

		39.7		59.02		54.4

		80.49		65.48		43.46

		56.02		54.54		49.42

		32.73		51.22		56.85

		20.96		63.51		61.52

		28.91		65.12		58.28

		96.98		45.84		40.19

		47.99		54.36		51.75

		20.62		58.08		61.66

		37.91		60.28		55.01

		59.11		38.44		48.58

		20.51		65.48		61.71

		26.25		54.09		59.33

		104.96		27.76		38.78

		20.09		53.37		55.16		Sante

		94.35		30.05		37.63

		61.16		60.32		43.86

		68.04		48.66		42.4

		26.17		63.82		53.13

		58.92		50.9		44.35

		21.87		56.82		54.55

		13.76		56.33		57.44

		30.5		50.37		51.78

		19.47		54.36		55.38

		28.56		30.36		52.38

		40		58.13		49.03

		19.7		50.59		55.3

		30.34		34.4		51.83

		161.55		28.57		29.22

		18.51		68.75		55.71

		39.7		42.79		49.12

		80.49		35.03		40

		56.02		48.48		45.01

		32.73		54.18		51.11

		20.96		44.4		54.86

		28.91		72.34		52.27

		96.98		49.51		37.21

		47.99		44.04		46.94

		20.62		51.71		54.98

		37.91		31.62		49.61

		59.11		30.86		44.31

		20.51		57.23		55.02

		26.25		70.82		53.11

		104.96		29.82		35.99

		20.09		59.2		50.16		Glenna

		94.35		20.86		35.24

		61.16		50.46		40.64

		68.04		37.9		39.39

		26.17		54.99		48.48

		58.92		47.23		41.07

		21.87		50.28		49.66

		13.76		47.81		52.04

		30.5		37.76		47.35

		19.47		45.43		50.34

		28.56		48.35		47.85

		40		38.87		45.05

		19.7		48.03		50.27

		30.34		40.68		47.39

		161.55		36.19		27.76

		18.51		47.59		50.62

		39.7		52.25		45.12

		80.49		37.14		37.31

		56.02		55.16		41.63

		32.73		38.71		46.79

		20.96		51.53		49.91

		28.91		51.67		47.76

		96.98		37.85		34.87

		47.99		33.14		43.28

		20.62		53.6		50.01

		37.91		56.64		45.53

		59.11		34.04		41.03

		20.51		50.55		50.04

		26.25		49.87		48.46

		104.96		25.34		33.8

		20.09		32.07		28.66		c12380

		94.35		22.2		15.15

		61.16		27.58		19.19

		68.04		15.47		18.19

		26.17		33.64		26.71

		58.92		15.38		19.54

		21.87		20.18		28.06

		13.76		34.35		31.02

		30.5		17.76		25.48

		19.47		39.24		28.88

		28.56		18.07		26.02

		40		25.7		23.13

		19.7		25.92		28.8

		30.34		35.03		25.52

		161.55		8.16		10.62

		18.51		29.56		29.22

		39.7		23.23		23.2

		80.49		20.74		16.61

		56.02		19.78		20.02

		32.73		32.38		24.88

		20.96		24.13		28.37

		28.91		25.52		25.92

		96.98		13.68		14.9

		47.99		14.53		21.47

		20.62		21.66		28.48

		37.91		12.69		23.61

		59.11		11.71		19.51

		20.51		24.76		28.52

		26.25		37.54		26.69

		104.96		18.97		14.19



Figure 3 End of project report

Yield data taken from Nocton Yield Data file. Here to compare tolerance differences between sites



		20.09		20.09

		94.35		94.35

		61.16		61.16

		68.04		68.04

		26.17		26.17

		58.92		58.92

		21.87		21.87

		13.76		13.76

		30.5		30.5

		19.47		19.47

		28.56		28.56

		40		40

		19.7		19.7

		30.34		30.34

		161.55		161.55

		18.51		18.51

		39.7		39.7

		80.49		80.49

		56.02		56.02

		32.73		32.73

		20.96		20.96

		28.91		28.91

		96.98		96.98

		47.99		47.99

		20.62		20.62

		37.91		37.91

		59.11		59.11

		20.51		20.51

		26.25		26.25

		104.96		104.96
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47.34

52.25

54.34

47.27

48.44

34.13

42.61

55.03

54.17

46.82

47.43

22.74

18.71

62.03

55.04

25.16

42.75

27.67

29.9

37.27

36.48

56.18

46.14

47.94

53.28

54.09

48.24

21.3

26.66

39.87

39.31

52.92

53.51

42.2

43.57

41.44

35.49

59.2

53.59

51.98

49.81

17.98

25.33



		avpi N		Maris Piper (peaty loam)		Peaty loam		Maris Piper (Sandy loam)		Sandy loam

		13.76		50.28		58.84

		18.51		62.03		55.04

		19.47		52.25		54.34

		19.7		55.03		54.17

		20.09		40.14		53.89

		20.51		59.2		53.59

		20.62		52.92		53.51

		20.96		47.94		53.28

		21.87		62.88		52.65

		26.17		59.52		49.86

		26.25		51.98		49.81

		28.56		47.27		48.44

		28.91		54.09		48.24

		30.34		46.82		47.43

		30.5		50.5		47.34

		32.73		56.18		46.14

		37.91		42.2		43.57

		39.7		25.16		42.75

		40		34.13		42.61

		47.99		39.87		39.31

		56.02		37.27		36.48

		58.92		39.33		35.55

		59.11		41.44		35.49

		61.16		35.43		34.86

		68.04		28.93		32.92

		80.49		27.67		29.9

		94.35		34.98		27.12

		96.98		21.3		26.66

		104.96		17.98		25.33

		161.55		22.74		18.71

		11.08						29.53		30.69

		14.78						23.99		27.93

		19.21						27.75		25.21

		24.36						27.39		22.66

		26.54						24.16		21.72

		26.56						20.05		21.71

		28.42						25.6		20.98

		30.87						18.62		20.08

		32.18						21.66		19.63

		33.8						21.48		19.1

		34						18.26		19.04

		35.09						20.23		18.7

		37.18						17.72		18.08

		39.55						14.32		17.43

		42.8						8.77		16.61

		43.56						17.9		16.43

		44.06						15.39		16.32

		44.14						11.64		16.3

		46.46						23.63		15.78

		48.12						18.08		15.43

		48.65						11.81		15.32

		48.91						16.29		15.27

		49.55						13.25		15.14

		51.62						13.25		14.74

		68.07						6.09		12.17

		73.44						12.17		11.51

		80.46						5.19		10.76

		87.35						12.53		10.1

		92.54						15.75		9.66

		120						9.85		7.85





		



Maris Piper (peaty loam)

Peaty loam

Maris Piper (Sandy loam)

Sandy loam

Population at planting (Pi)

Yield (t/ha)



		

		Pi		Maris Piper		Cara		Sante

		Pi		Maris Piper		Cara		Sante				Maris Piper		Cara		Sante		x1		Sante (-)

		0.1		3.068422415		3.082730661		0.776991571						30.82730661		7.76991571		1

		1		28.49077508		29.79733887		7.412922585				28.49077508		29.79733887		7.412922585		1

		2		52.6737699		57.41675563		14.08978725				26.33688495		28.708377815		7.044893625		1

		3		73.30123037		83.02237456		20.112237				24.4337434567		27.6741248533		6.704079		1

		4		90.96822981		106.7643527		25.55129517				22.7420574525		26.691088175		6.3878237925		1

		5		106.1509691		128.7802402		30.46897873				21.23019382		25.75604804		6.093795746		1

		6		119.234489		149.1961895		34.91963092				19.8724148333		24.8660315833		5.8199384867		1

		7		130.5330428		168.1280333		38.95102802				18.6475775429		24.0182904714		5.5644325743		1

		8		140.3052906		185.6822466		42.60530324				17.538161325		23.210280825		5.325662905		1

		9		148.7657807		201.9568067		45.91972181				16.5295311889		22.4396451889		5.1021913122		1

		10		156.0937285		217.041964		48.92733415				15.60937285		21.7041964		4.892733415		1

		11		162.4398033		231.0209332		51.65752872				14.7672548455		21.0019030182		4.6961389745		1

		12		167.9314278		243.9705145		54.1365019				13.99428565		20.3308762083		4.5113751583		1

		13		172.6769545		255.9616532		56.38765887				13.2828426538		19.6893579385		4.3375122208		1

		14		176.7689855		267.0599436		58.43195691				12.6263561071		19.0757102571		4.1737112079		1

		15		180.2870321		277.3260842		60.28820052				12.0191354733		18.4884056133		4.019213368		1

		16		183.2996618		286.8162888		61.97329577				11.4562288625		17.92601805		3.8733309856		1

		17		185.8662424		295.5826592		63.50247045				10.9333083765		17.3872152471		3.7354394382		1

		18		188.0383697		303.6735227		64.88946499				10.4465760944		16.8707512611		3.6049702772		1

		19		189.8610413		311.1337385		66.14669872				9.9926863842		16.3754599211		3.4814051958		1

		20		191.3736285		318.0049758		67.28541481				9.568681425		15.90024879		3.3642707405		1

		21		192.6106845		324.3259672		68.31580724				9.1719373571		15.4440936762		3.2531336781		1

		22		193.6026209		330.1327398		69.24713208				8.8001191318		15.0060336273		3.1475969127		1

		23		194.3762747		335.4588246		70.08780537				8.4511423783		14.585166287		3.0472958857		1

		24		194.9553883		340.3354496		70.84548944				8.1231411792		14.1806437333		2.9518953933		1

		25		195.3610147		344.7917145		71.52716906				7.814440588		13.79166858		2.8610867624		1

		26		195.6118636		348.8547513		72.139219				7.5235332154		13.4174904346		2.7745853462		1

		27		195.7245959		352.5498718		72.68746382				7.2490591074		13.0574026593		2.6921282896		1

		28		195.7140766		355.9007017		73.17723113				6.98978845		12.7107393464		2.6134725404		1

		29		195.5935924		358.9293044		73.61339895				6.7446066345		12.3768725655		2.5383930672		1

		30		195.3750391		361.6562946		74.00043804				6.5125013033		12.05520982		2.466681268		1

		31		195.0690839		364.1009427		74.34244966				6.2925510935		11.7451917		2.3981435374		1

		32		194.6853064		366.2812704		74.64319942				6.083915825		11.4462897		2.3325999819		1

		33		194.2323213		368.2141391		74.90614765				5.8858279182		11.1580042152		2.2698832621		1

		34		193.7178852		369.9153319		75.13447668				5.6975848588		10.8798627029		2.2098375494		1

		35		193.1489907		371.3996279		75.33111532				5.5185425914		10.61141794		2.1523175806		1

		36		192.5319482		372.6808718		75.49876103				5.3481096722		10.3522464389		2.0971878064		1

		37		191.8724581		373.772038		75.6398998				5.1857421108		10.101946973		2.0443216162		1

		38		191.1756749		374.6852896		75.75682423				5.0309388132		9.8601392		1.9936006376		1

		39		190.4462629		375.4320334		75.8516498				4.8832375103		9.6264623949		1.9449140974		1

		40		189.6884464		376.0229698		75.92632964				4.74221116		9.400574245		1.898158241		1

		41		188.9060537		376.4681407		75.98266797				4.6074647244		9.1821497732		1.8532358041		1

		42		188.1025559		376.7769723		76.02233222				4.4786322833		8.9708802929		1.810055529		1

		43		187.2811024		376.9583154		76.04686411				4.3553744744		8.7664724512		1.7685317235		1

		44		186.4445517		377.0204835		76.05768974				4.237376175		8.5686473523		1.7285838577		1

		45		185.5954991		376.9712866		76.05612875				4.1243444244		8.3771397022		1.6901361944		1

		46		184.7363017		376.8180642		76.0434027				4.0160065587		8.1916970478		1.65311745		1

		47		183.8691007		376.5677153		76.02064272				3.9121085255		8.0120790489		1.6174604834		1

		48		182.9958413		376.2267257		75.9888965				3.8124133604		7.8380567854		1.5831020104		1

		49		182.1182906		375.8011949		75.94913465				3.7166998082		7.6694121408		1.5499823398		1

		50		181.2380538		375.2968594		75.90225664				3.624761076		7.505937188		1.5180451328		1

		51		180.3565888		374.7191162		75.84909608				3.536403702		7.347433651		1.487237178		1

		52		179.4752195		374.073043		75.7904257				3.4514465288		7.1937123654		1.4575081865		1

		53		178.5951473		373.3634183		75.72696187				3.3697197604		7.0445927981		1.4288106013		1

		54		177.717462		372.5947396		75.65936872				3.2910641111		6.8999025852		1.4010994207		1

		55		176.8431517		371.7712405		75.58826202				3.2153300309		6.7594771		1.3743320367		1

		56		175.9731112		370.8969068		75.51421267				3.1423769857		6.62315905		1.3484680834		1

		57		175.1081505		369.9754911		75.43774994				3.0720728158		6.4907980895		1.3234692972		1

		58		174.2490016		369.0105272		75.35936447				3.004293131		6.362250469		1.2992993874		1

		59		173.3963255		368.0053426		75.27951103				2.9389207712		6.2373786881		1.2759239158		1

		60		172.550718		366.9630716		75.19861107				2.8758453		6.1160511933		1.2533101845		1

		61		171.712715		365.8866656		75.11705505				2.814962541		5.998142059		1.231427132		1

		62		170.8827978		364.7789048		75.03520466				2.7561741581		5.8835307226		1.2102452365		1

		63		170.0613977		363.6424079		74.95339477				2.6993872651		5.7721017127		1.1897364249		1

		64		169.2488998		362.4796412		74.87193535				2.6445140594		5.6637443938		1.1698739898		1

		65		168.4456471		361.292928		74.79111317				2.5914714938		5.5583527385		1.1506325103		1

		66		167.6519439		360.0844566		74.71119339				2.5401809682		5.4558251		1.1319877786		1

		67		166.868059		358.8562877		74.63242108				2.4905680448		5.3560639955		1.1139167325		1

		68		166.0942286		357.6103626		74.55502254				2.4425621853		5.2589759206		1.0963973903		1

		69		165.330659		356.3485091		74.47920661				2.3960965072		5.1644711464		1.0794087914		1

		70		164.5775289		355.0724487		74.40516586				2.3511075557		5.0724635529		1.0629309409		1

		71		163.834992		353.7838021		74.33307768				2.3075350986		4.9828704521		1.0469447561		1

		72		163.1031788		352.4840952		74.26310531				2.2653219278		4.8956124333		1.0314320182		1

		73		162.3821983		351.1747644		74.19539878				2.2244136753		4.810613211		1.0163753258		1

		74		161.6721405		349.8571616		74.1300958				2.1847586554		4.7277994811		1.0017580514		1

		75		160.973077		348.5325588		74.06732261				2.1463076933		4.647100784		0.9875643015		1

		76		160.2850633		347.2021528		74.00719472				2.1090139908		4.5684493789		0.9737788779		1

		77		159.6081399		345.8670694		73.94981763				2.0728329857		4.4917801221		0.9603872419		1

		78		158.9423334		344.528367		73.8952875				2.0377222231		4.4170303462		0.9473754808		1

		79		158.2876577		343.1870409		73.84369178				2.0036412367		4.3441397582		0.9347302757		1

		80		157.6441153		341.8440261		73.79510978				1.9705514413		4.2730503262		0.9224388722		1

		81		157.011698		340.5002012		73.74961322				1.9384160247		4.2037061877		0.9104890521		1

		82		156.3903881		339.1563914		73.70726674				1.9071998549		4.1360535537		0.8988691066		1

		83		155.7801588		337.8133712		73.66812834				1.8768693831		4.0700406169		0.8875678113		1

		84		155.1809755		336.4718674		73.63224986				1.8473925655		4.005617469		0.8765744031		1

		85		154.5927962		335.1325616		73.59967738				1.8187387788		3.9427360188		0.8658785574		1

		86		154.0155721		333.7960928		73.57045158				1.7908787453		3.8813499163		0.8554703672		1

		87		153.4492483		332.4630596		73.54460815				1.7637844632		3.8214144782		0.8453403236		1

		88		152.8937647		331.1340224		73.52217807				1.7374291443		3.7628866182		0.8354792962		1

		89		152.3490559		329.8095057		73.50318797				1.7117871449		3.7057247831		0.8258785165		1

		90		151.8150521		328.4899997		73.4876604				1.6868339122		3.6498888856		0.81652956		1

		91		151.2916793		327.1759625		73.47561411				1.6625459264		3.5953402473		0.8074243309		1

		92		150.7788601		325.8678217		73.46706431				1.6389006533		3.5420415402		0.7985550468		1

		93		150.2765136		324.565976		73.46202292				1.6158764903		3.4899567312		0.7899142249		1

		94		149.7845561		323.2707968		73.46049879				1.5934527245		3.4390510298		0.781494668		1

		95		149.3029011		321.98263		73.46249788				1.5716094853		3.3892908421		0.7732894514		1

		96		148.8314602		320.7017969		73.46802354				1.5503277104		3.3406437177		0.7652919119		1

		97		148.3701425		319.4285956		73.47707659				1.5295890979		3.2930783052		0.7574956349		1

		98		147.9188556		318.1633028		73.48965558				1.5093760776		3.2465643143		0.7498944447		1

		99		147.4775055		316.9061743		73.50575691				1.4896717727		3.2010724677		0.742482393		1

		100		147.0459969		315.6574464		73.52537501				1.470459969		3.156574464		0.7352537501		1

		101		146.6242334		314.4173372		73.54850245				1.4517250832		3.1130429426		0.7282029946		1

		102		146.2121177		313.1860472		73.57513009				1.4334521343		3.0704514431		0.7213248048		1

		103		145.8095515		311.9637604		73.60524723				1.4156267136		3.0287743728		0.7146140508		1

		104		145.4164362		310.7506455		73.63884169				1.3982349635		2.987986976		0.7080657855		1

		105		145.0326726		309.5468563		73.67589994				1.3812635486		2.9480652981		0.7016752375		1

		106		144.6581612		308.3525326		73.71640719				1.364699634		2.9089861566		0.6954378037		1

		107		144.2928024		307.1678013		73.76034754				1.3485308636		2.870727115		0.6893490424		1

		108		143.9364963		305.9927768		73.80770397				1.3327453361		2.8332664519		0.6834046664		1

		109		143.5891433		304.8275616		73.85845854				1.3173315899		2.7965831339		0.6776005371		1

		110		143.2506436		303.6722475		73.91259238				1.3022785782		2.7606567955		0.671932658		1

		111		142.920898		302.5269156		73.97008583				1.2875756577		2.7254677081		0.6663971696		1

		112		142.5998071		301.3916371		74.03091845				1.2732125634		2.6909967598		0.6609903433		1

		113		142.2872724		300.2664741		74.09506914				1.2591794018		2.6572254345		0.6557085765		1

		114		141.9831953		299.1514797		74.16251619				1.2454666254		2.6241357868		0.6505483876		1

		115		141.6874782		298.0466988		74.23323731				1.2320650278		2.5917104243		0.6455064114		1

		116		141.4000236		296.9521686		74.3072097				1.2189657207		2.5599324879		0.640579394		1

		117		141.120735		295.8679188		74.38441012				1.2061601282		2.5287856308		0.6357641891		1

		118		140.8495161		294.7939722		74.46481492				1.1936399669		2.4982540017		0.6310577536		1

		119		140.5862718		293.730345		74.54840008				1.181397242		2.4683222269		0.6264571435		1

		120		140.3309072		292.6770473		74.63514126				1.1694242267		2.4389753942		0.6219595105		1

		121		140.0833286		291.6340834		74.72501385				1.1577134595		2.4101990364		0.6175620979		1

		122		139.8434429		290.6014522		74.81799299				1.1462577287		2.3819791164		0.6132622376		1

		123		139.6111578		289.5791474		74.9140536				1.1350500634		2.3543020114		0.6090573463		1

		124		139.3863819		288.5671579		75.01317043				1.124083725		2.3271544992		0.6049449228		1

		125		139.1690247		287.5654681		75.11531809				1.1133521976		2.3005237448		0.6009225447		1

		126		138.9589964		286.5740581		75.22047106				1.1028491778		2.2743972865		0.5969878656		1

		127		138.7562083		285.5929041		75.32860373				1.0925685693		2.2487630244		0.593138612		1

		128		138.5605727		284.6219785		75.43969043				1.0825044742		2.223609207		0.5893725815		1

		129		138.3720025		283.6612502		75.55370544				1.0726511822		2.1989244202		0.5856876391		1

		130		138.1904117		282.7106848		75.670623				1.0630031669		2.1746975754		0.5820817154		1

		131		138.0157155		281.770245		75.79041737				1.0535550802		2.1509179008		0.5785528044		1

		132		137.8478296		280.8398904		75.91306282				1.0443017394		2.1275749273		0.5750989608		1

		133		137.6866711		279.9195782		76.03853365				1.0352381286		2.1046584827		0.5717182981		1

		134		137.5321577		279.0092628		76.1668042				1.0263593858		2.0821586776		0.5684089866		1

		135		137.3842083		278.1088965		76.29784888				1.0176608022		2.0600659		0.565169251		1

		136		137.2427426		277.2184295		76.43164217				1.0091378132		2.0383708051		0.5619973689		1

		137		137.1076816		276.3378098		76.56815867				1.0007859971		2.0170643051		0.5588916691		1

		138		136.9789469		275.4669837		76.70737305				0.9926010645		1.996137563		0.5558505293		1

		139		136.8564612		274.6058957		76.8492601				0.9845788576		1.9755819835		0.5528723748		1

		140		136.7401483		273.7544888		76.99379474				0.976715345		1.9553892057		0.5499556767		1

		141		136.6299327		272.9127044		77.14095203				0.9690066149		1.935551095		0.5470989506		1

		142		136.5257401		272.0804829		77.29070715				0.9614488739		1.9160597387		0.5443007546		1

		143		136.4274971		271.257763		77.44303545				0.9540384413		1.8969074336		0.5415596885		1

		144		136.3351311		270.4444826		77.59791243				0.9467717437		1.8780866847		0.5388743919		1

		145		136.2485707		269.6405785		77.75531376				0.9396453152		1.8595901966		0.5362435432		1

		146		136.1677452		268.8459865		77.91521528				0.932655789		1.8414108664		0.5336658581		1

		147		136.092585		268.0606417		78.07759299				0.925799898		1.8235417803		0.5311400884		1

		148		136.0230214		267.2844784		78.24242309				0.9190744689		1.8059762054		0.5286650209		1

		149		135.9589865		266.5174302		78.40968195				0.9124764195		1.7887075852		0.5262394762		1

		150		135.9004135		265.7594301		78.57934616				0.9060027567		1.771729534		0.5238623077		1

		151		135.8472363		265.0104105		78.75139246				0.8996505715		1.7550358311		0.5215324004		1

		152		135.7993899		264.2703036		78.92579783				0.8934170388		1.7386204184		0.5192486699		1

		153		135.7568099		263.5390409		79.10253942				0.8872994111		1.7224773915		0.5170100616		1

		154		135.7194332		262.8165538		79.2815946				0.8812950208		1.7066009987		0.5148155494		1

		155		135.6871971		262.1027734		79.46294093				0.8754012716		1.6909856348		0.512664135		1

		156		135.6600401		261.3976303		79.64655621				0.8696156417		1.6756258353		0.5105548475		1

		157		135.6379015		260.7010553		79.8324184				0.8639356783		1.6605162758		0.5084867414		1

		158		135.6207213		260.012979		80.02050571				0.8583589956		1.6456517658		0.5064588969		1

		159		135.6084403		259.3333317		80.21079654				0.8528832723		1.6310272434		0.5044704185		1

		160		135.6010005		258.662044		80.40326952				0.8475062531		1.616637775		0.5025204345		1

		161		135.5983442		257.9990461		80.59790349				0.8422257404		1.6024785472		0.5006080962		1

		162		135.6004148		257.3442687		80.79467748				0.8370395975		1.5885448685		0.498732577		1

		163		135.6071565		256.6976423		80.99357077				0.8319457454		1.5748321613		0.4968930722		1

		164		135.6185142		256.0590976		81.19456283				0.8269421598		1.561335961		0.4950887977		1

		165		135.6344335		255.4285653		81.39763335				0.8220268697		1.5480519109		0.49331899		1

		166		135.654861		254.8059766		81.60276224				0.8171979578		1.5349757627		0.4915829051		1

		167		135.6797438		254.1912625		81.80992962				0.8124535557		1.5221033683		0.4898798181		1

		168		135.7090298		253.5843546		82.01911582				0.807791844		1.5094306821		0.4882090227		1

		169		135.7426678		252.9851845		82.2303014				0.8032110521		1.4969537544		0.4865698308		1

		170		135.7806072		252.3936842		82.4434671				0.7987094541		1.4846687306		0.4849615712		1

		171		135.822798		251.809786		82.6585939				0.7942853684		1.472571848		0.4833835901		1

		172		135.8691911		251.2334224		82.87566298				0.7899371576		1.4606594326		0.4818352499		1

		173		135.9197379		250.6645264		83.09465574				0.7856632249		1.4489278983		0.4803159291		1

		174		135.9743908		250.1030313		83.31555376				0.7814620161		1.4373737431		0.4788250216		1

		175		136.0331025		249.5488707		83.53833885				0.7773320143		1.4259935469		0.4773619363		1

		176		136.0958267		249.0019786		83.76299303				0.7732717426		1.4147839693		0.4759260968		1

		177		136.1625174		248.4622895		83.98949851				0.7692797593		1.4037417486		0.4745169407		1

		178		136.2331295		247.9297383		84.2178377				0.7653546601		1.3928636983		0.4731339197		1

		179		136.3076185		247.4042601		84.44799324				0.7614950754		1.3821467045		0.4717764985		1

		180		136.3859405		246.8857908		84.67994794				0.7576996694		1.3715877267		0.4704441552		1

		181		136.4680523		246.3742665		84.91368482				0.7539671398		1.3611837928		0.4691363802		1

		182		136.5539111		245.8696237		85.1491871				0.7502962148		1.3509319984		0.4678526764		1

		183		136.6434748		245.3717995		85.38643818				0.7466856546		1.3408295055		0.4665925584		1

		184		136.7367021		244.8807315		85.62542168				0.7431342505		1.3308735408		0.4653555526		1

		185		136.833552		244.3963577		85.86612138				0.7396408216		1.321061393		0.4641411966		1

		186		136.9339841		243.9186166		86.10852129				0.7362042156		1.3113904118		0.4629490392		1

		187		137.0379588		243.4474472		86.35260556				0.7328233091		1.3018580064		0.4617786394		1

		188		137.1454368		242.9827889		86.59835857				0.7294970043		1.2924616431		0.4606295669		1

		189		137.2563795		242.5245818		86.84576486				0.7262242302		1.2831988455		0.4595014014		1

		190		137.3707488		242.0727663		87.09480915				0.7230039411		1.2740671911		0.4583937324		1

		191		137.4885071		241.6272834		87.34547637				0.7198351157		1.265064311		0.457306159		1

		192		137.6096174		241.1880745		87.5977516				0.7167167573		1.256187888		0.4562382896		1

		193		137.734043		240.7550819		87.8516201				0.7136478912		1.2474356575		0.4551897415		1

		194		137.8617481		240.3282478		88.10706732				0.7106275675		1.238805401		0.4541601408		1

		195		137.9926971		239.9075154		88.36407888				0.7076548569		1.2302949508		0.4531491225		1

		196		138.126855		239.4928282		88.62264056				0.704728852		1.2219021847		0.4521563294		1

		197		138.2641872		239.0841302		88.88273832				0.701848666		1.2136250264		0.4511814128		1

		198		138.4046596		238.6813661		89.14435828				0.6990134323		1.2054614449		0.4502240317		1

		199		138.5482387		238.284481		89.40748674				0.696222305		1.1974094523		0.449283853		1



Figure 4 Soil differences on the same variety, Maris Piper

Figure 5 Relationship between PCN population and PCN multiplication rates for 
a)Maris Piper b) tolerant Cara and c) partially resistant Sante
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