


Chapter 4: Diversification Strategies
General Introduction

In response to consumer demand (market pressure), organic farmers may need to produce some
potato varieties that are blight susceptible. Indeed results from the survey reported in Chapter 2
confirm this. Previous experience has shown that |ate blight development in susceptible
varieties can be reduced by adopting diversification strategies. Such strategiesinclude growing
varieties with different types and levels of resistance in aternating rows or in random mixtures
or intercropped with different species that are unaffected by late blight. Whilst the survey of
[S$tate of the artCtechniques in Chapter 2 did not identify these to be used at present, it is
essential to assess their potentia for commercial application.

Alternating rows. Late blight infection in susceptible varieties can be reduced and their yields
increased significantly by growing these varietiesin rows alternating with other varieties
displaying a partial (non-race specific) resistance to the pathogen. However, the performance of
such varieta associations has not been assessed with different densities of partially resistant and
susceptible varieties or with mixtures of partial and complete resistance (mediated by
undefeated, race specific R-genes). Greater knowledge and understanding of the underlying
mechanisms for the improved performance of such [associationsCand influence of
environmenta conditionsis needed to improve their reliability. Potential mechanismsinclude:
physica barrier to inoculum dispersal caused by rows of resistant plants; progressive adaptation
(during the course of the epidemic) of the pathogen genotypesto one or the other variety used in
the association, thus restricting pathogen movement between varieties, compensatory growth
effects between varieties. Field experiments that test the efficacy of aternating rows of different
varieties with different types and levels of resistance can be used to investigate these 3 potentia
mechanisms by i) modelling the spread of late blight epidemicsin pure and associated plots. ii)
measuring variety-specific adaptation of P. infestans genotypes to determine to what extent any
observed temporal adaptation of the pathogen population structure contributes to the
performance of associationsin controlling late blight. iii) quantifying competition between
varietiesin associated crops which may account for yield benefits that are independent of the
effect of associations on disease control.

Variety mixtures: Thereisnow substantia evidence that the development of air-borne
pathogen epidemics can be significantly restricted by the use of variety mixtures, even if the
mixtures contain only three or four different forms of resistance. The most important
mechanisms which are thought to restrict epidemic development in mixtures are spatial
separation of plants carrying the same resistance genes, barrier effects and induced resistance
(i.e. plant A induces resistance in its neighbour B by plant A allowing the persistence of a
pathogen race which isvirulent to A, and avirulent to, but resistanceinducing in B). Barrier
effects and induced resistance should play a greater role when plants are mixed within rows than
when planted in aternating rows. However, improvements in disease control in varieta
mixtures must be weighed against additional costs for separating the varieties prior to saleand
only certain types of mixtures may be of practical value depending on the target market (fresh,
processing, industrial).

Intercropping: Once primary infection has taken place, the relatively heavy spores of P.
infestans are mainly distributed within the field by rain splash and through direct contact of
leaves. Separation of single or multiple rows/beds of potato by suitable barrier crops of a
different species should restrict the development of blight epidemics by restricting row-to-row
dispersal. However, the microclimatic conditions within the crop will be affected by the type of
intercrop and the width of the potato beds, which may influence the efficacy of intercropping.
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Effectiveness of restriction of dispersal is expected to be greater in potato varieties with some
resistance than in fully susceptible crops. Intercropping with relatively tall crops such as wheat
should significantly delay the spread of blight and increase yields compared with shorter crops
such as clover. Furthermore, the protective, barrier effect should increase as the strips of wheat
get wider.

Section 1. Alternaterowsof resistant & susceptible varietiesto control
the development of late blight and identification of mechanisms for
disease reduction and yield increase

Summary

In Denmark, experimentsin 2001 and 2002 showed no significant reduction of potato late blight
in susceptible varieties grown in aternate rows with varieties possessing either a partia (non-
race specific) or race specific resistance. However, in 2001, late blight infection was
significantly delayed in the resistant variety Kuras (with high race-specific resistance) when
alternated with the susceptible variety Oleva. The delay of approximately one week occurred
after the adjacent rows of Olevawere defoliated by leaf blight. Such an effect was absent in
2002 however.

Trids carried out during two consecutive years in France in Brittany showed no significant
disease reduction in mixed (aternating rows of contrasting varieties) vs pure (single variety)
plots irrespective of the planting pattern (with single or twin rows of varieties aternating with
other varieties) and of the type of resistance used. However, the spatia distribution of disease
was clearly different in pure and in mixed plots. These results were consistent with those from
similar experiments made in Denmark with the same protocol, but different varieties. The three
cultivars chosen displayed no competitive interactions when mixed. Populations of the pathogen
differed according to host genotypes. Isolates virulent to Naturella (possessing the R2 resistance
gene) were recovered almost exclusively from this cultivar, and proved weakly aggressive on
Bintje (susceptible) or DGir@ (partialy resistant). |solates collected on Bintje were most
aggressive on both Bintje and D@iré. There was no clear indication of a strong correlation
between pathogenicity characteristics and AFLP fingerprints. These patterns were similar in
collections made over the two successive years. It was concluded that alternating rows of
susceptible and resistant potato cultivars have a limited potentia to control late blight in
environments highly conducive to the disease, but may help manage the evolution of pathogen
populations for virulence and aggressiveness.

Introduction

Market demands require that organic producers grow some blight susceptible potato varieties.
Previous experience has shown that late blight devel opment on susceptible varieties can be
reduced significantly by growing these varieties in rows alternating with other varieties
displaying a partial (non-race specific) resistance to the pathogen (Andrivon et a, 2003).
Previous experiments had also shown potentia for blight control in mixtures between
susceptible cultivars and cultivars with partially defeated R genes (Garrett et ., 1999).
However, the performance of such associations has not been assessed with different densities of
partially resistant and susceptible varieties or with mixtures of partial and complete resistance
(mediated by undefeated, race specific R-genes).

The underlying mechanisms for the improved performance of such "associations' are unknown
and performance was found to vary depending on environmental conditions (Pilet, 2003). To
improve the reliability of associationsit istherefore essentia to gain a better understanding of
the underlying mechanisms. Three potentiad mechanisms were investigated in this project:
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() Physica barrier to inoculum dispersal caused by rows of resistant plants;

(i) Progressive adaptation (during the course of the epidemic) of the pathogen genotypesto
one or the other variety used in the association, thus restricting pathogen movement
between varieties,

(iii) Compensatory growth effects between varieties.

Under hypothesis (i), it would be expected that disease will progress more rapidly along the
rows than across the rows in associated crops, but not in pure plots where resistance to disease
spread will beidentical in all directions. Under hypothesis (ii), pathogen populations would be
expected to be more pathogenic on the cultivar they were collected from than on other cultivars.
Finally, under hypothesis (iii), part of the yield benefits observed previoudy in associations
would be expected to be due to a better use of resources required for growth by the different
cultivars when associated than when pure (for instance due to their differencesin growth rate),
independently of the effect of associations on disease control.

Experiments were made in Denmark and France in both 2001 and 2002 to test the efficacy of
aternating rows of different varietieswith different types and levels of resistance on infection
with late blight and crop yield. In France, the field experiments were also used to andyse
epidemiological, ecophysiological and evolutionary mechanismsimplicated and identify and
understand underlying mechanisms for the improved performance of such [&ssociations]
outlined above. Approachesincluded modelling the spread of late blight epidemicsin pure and
associated plots; measuring variety-specific adaptation of P. infestans genotypes to determine
the extent to which any observed temporal adaptation of the pathogen population structure
contributes to the performance of associations in controlling late blight; quantifying yield
effects which may be due to competition and better resource use rather than to better disease
control.

DENMARK (F)
M aterials and methods

In 2001 and 2002, the effect of adiversification strategy on the severity of late blight using
alternating rows of tolerant and susceptible varieties was tested in the field. Seven identical
treatments were included in both years, but an extra treatment was included in 2002 (Table 4.1).
In 2001 infection was delayed in the resistant variety mixed with a susceptible one. This could
have been due to a change in the cropl$ microclimate and/or greater availability of soil nutrients
to the resistant variety following early defoliation of the susceptible variety by late blight. To
test this hypothesis, the additional treatment in 2002 (treatment 8) assessed the effects of
mechanically defoliating rows of the susceptible variety (Oleva) when foliage blight reached
50% severity on the neighbouring row of the resistant variety Kuras. Treatments were arranged
in acompletely randomised block design with four replicates and individual plots were 8 rows
wide and 10m long. Plots were assessed for disease incidence and severity on each plant of each
harvest area (1 m) at weekly intervals from when late blight first appeared. Yield, tuber blight
and size classes were assessed in dl plots.
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Table 4.1 Details of varieties and row configurations used in 2001 and 2002 in Denmark

Treatment| Varieties

Oleva0Oleva OKuras OKuras

OlevaOKuras

Kuras (high race specific resistance)

Danva (high partia resistance)

OlevaODanva

OlevaOOleva- Danva [0Danva

Oleva (susceptible)

8* Kuras: canopy of every second row was removed at 50% defoliation of Oleva

No oabhwWwNE

* Only in 2002
Results and Discussion

In 2001, blight infection in the susceptible variety (Oleva) was not decreased by growing itin
either single or double rows alternating with either single or double rows of avariety with
partial (non-race specific) resistancei.e. Danvaor race specific resistancei.e. Kuras. However,
the resistant variety Kuras showed a significant delay in blight of approximately one week when
mixed with the susceptible variety Oleva. This delay occurred almost a month after
neighbouring rows of Oleva had been destroyed by leaf blight (Figure 4.1).

Mixing the susceptible variety Olevawith partialy or race-specific resistant varieties had no
effect on the tuber yield of the susceptible variety. However, the yield increase in the resistant
variety Kuras was consistent with the delay in foliar blight (Figure 4.2). Theincidence of tuber
blight was very low in 2001 (0-2% in all varieties) and there were no differences in tuber blight

within the individua varieties.
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Figure 4.1. The effect of aternating single and double rows of susceptible (Oleva), partidly
resistant (Danva) and race-specific resistant (Kuras) varieties on foliage blight infection in

individual varieties within the treatmentsin 2001.
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Figure 4.2. The effect of aternating single and double rows of susceptible (Oleva), partialy
resistant (Danva) and race-specific resistant (Kuras) varieties on yields of the individual
varieties within the trestments in 2001.

In 2002, infection of the susceptible variety Olevawas not delayed by aternating rows with
either Danva (partia resistance) or Kuras (race specific resistance). Furthermore, there was no
delay in blight development in either Kuras or Danva when rows were aternated with either one
or two rows of the susceptible variety Oleva. However, there was a yield increase of about 20%
in the susceptible variety Olevawhen grown in either single or twin rows aternated with single
or twin rows of the resistant variety Kuras (Figure 4.3) possibly because of better resource use.
Therewas no delay in the late blight epidemic in Kuras when the neighbouring row of Oleva
was defoliated when it reached 50% blight infection. Yields of the resistant variety Kuraswere
unaffected by alternating it with either one or two rows of Oleva.
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Figure 4.3. Potato yield (hkg/ha) in variety Oleva and different mixtures with Oleva, in 2002.
Conclusions

In 2001, dternating rows of resistant and susceptible varieties delayed foliar blight in the variety
Kuras with race specific, late blight resistance. However, as this effect was not observed in
2002, the evidence - based on the two yearstrial - regarding the possibility of reducing blight in
susceptible varieties by growing them in rows alternating with other varieties displaying either a
partial (non-race specific) or arace specific resistance to the pathogen wasinconclusive.

FRANCE (F)
M aterials and methods

Field trialsdesign

Two field experiments were performed in 2001 in Ploudaniel and Le Rheu (western France) and
one experiment in 2002 in Ploudaniel. Blight pressureis consistently high in Ploudaniel (where
the siteis close to the sea with high humidity/rainfall and mild temperatures), but more erraticin
Le Rheu (with adrier climate). The basic design was a randomised block design (2 blocks),
with 8-10 row-plots of 10 plants of the following combinations of the 3 cultivars Bintje (B:
susceptible), D@&ir@e (D: partially resistant) and Naturella (N: race-specific resistant, gene R2):
pure B, pure D, pure N, BD, BN, BBDD and BBNN. All trials were under natura late blight
infection, with the first symptoms appearing in early June (Ploudaniel 2002), end of June
(Ploudaniel 2001) or early July (Le Rheu 2001). All plots were left unsprayed throughout the
epidemic. A second set of plots, identical in design, was established in Le Rheu (2001) and in
Ploudaniel (2001 and 2002), and sprayed as needed to avoid blight contaminations. This second
set of plots was used to measure competition effects between cultivars in the absence of disease.
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L ate blight monitoring

Late blight severity was scored visually, as the percentage of foliage area diseased, according to
amodified pictorial scale (Andrivon et a., 2003). Disease scorings were performed weekly on
every plant of each plot, providing acomplete dynamic map of disease progress over time. The
scorings began when the first symptoms were seen, and continued until the susceptible plants
were destroyed.

Plant growth monitoring

For the competition experiments, plant growth was assessed by measuring ground coverage
using asquare 1 x 1 m grid, subdivided into 10 x 10 cm quadrats, placed on stands over the top
of the canopy. The ground surface covered was estimated by counting the proportion of [empty[]
guadrats on three different spotsin each plot. The measurements were made at 4-6 dates at 1-2
wksintervals, depending on growing conditions.

| solate adaptation

I solates were collected from the 2001 and 2002 trials in Ploudaniel, at atime when al three
cultivars showed infection. Blighted leaf tissue (ca 25-30 leaflets per cv) were collected
separately in thefield and their spatial position recorded (row and plant within the row), only in
the pure plots. Isolation of P. infestans from these leaves was carried out in the laboratory on
potato dlices, and isolates were maintained on pea agar. 20-25 isolates per cv were thus
obtained. The aggressiveness of the 2001 and 2002 collections of isolates to each of the three
cvs was tested by inoculating detached 6-10 |eaflets from greenhouse-grown plants, using the
methodology described by Lebreton et a (1999). Lesion size, infection efficacy (i.e. the
proportion of inoculated leaflets producing a sporulating and expanding lesion) and spore
production per lesion were measured. The virulence of the isolates in the collection was aso
determined by inoculating detached | eaflets of potato clones with known R genes.

I solate finger printing

| solates were fingerprinted using AFL P profiles generated with two different primer pairs (Mse-
CC/Eco-GA and Mse CG/Eco AC). The banding patterns were detected on an ABI Prism
capillary sequencer, and converted to a genetic distance matrix. A phenetic tree was computed
from that distance matrix with the UPGMA clustering al gorithm of the Bionumerics software.

Results

Late blight progressin pure and alternated plots

No significant effects of associations on blight development were detected in either 2001 or
2002 in France. No significant yield differences were detected either (Figure 4.4). These results
are consi stent with those obtained in Denmark during the same period.

Epidemiological mechanisms and population evolution

Barrier effects

The observation of disease patternsin pure and aternated plots showed a clear dependence of
spatio-temporal disease spread according to the type of plot and to the efficacy of resistance. In
pure plots of susceptible and partially resistant cultivars, the disease pattern was usually focal.
In the race-specific resistant Naturella, disease was patchy and severity remained low. In

aternated plots, the architecture of the canopy was reflected in the disease patterns, with the
most severely diseased plants being those from the susceptible cultivars (Figure 4.5).
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The dtatistical analysis of these patterns was attempted, but faced several difficulties. The most
important of these was a consequence of the relatively small size of plots and rapid spread of the
pathogen. This made the use of methods based on incidence data (where plants are assessed as
either diseased or healthy), such asordinary runs (Madden et al., 1987) or 2D-class analysis
(Nelson et al., 1992) impossible, as the proportion of diseased plants went from 0t0 100 % in a
very short time. Furthermore, the reduction of the unit area occupied by each genotypein
alternated plots generated high border effects. It is therefore impossible to find the range (i.e. the
distance between plants at which spatial autocorrelation stabilizes) in analyses based on disease
severity, such as spatio-temporal autocorrelaion or geostatistics. Therefore appropriate
dtatistica methodsto analyse the disease patternsin such plots were sought. To thisend,
discussions on this topic wereinitiated with Prof. Larry Madden (Ohio State University,
Wooster OH) during the International Workshop on Plant Disease Epidemiology (Landerneau,
April 2005).

Competition

Despite their different growth habits (D@ir@ and Bintje being ramose (heavily-branched)
cultivars while Naturellais an erect one), there was no evidence of competitive interactions
between cultivarsin mixed plots, neither for growth of the canopy (Figure 4.6) nor for fina
yield in the presence or absence of late blight (Figure 4.7).

I solate adaptation

All isolates from the 2001 collection, and dl 71 isolates but four from the 2002 collection were
of the A1 mating type. The 4 A2 isolates from the 2002 collection wereisolated from Naturella,
alongside Al isolates, in the two pure plots.

AFLP fingerprints revealed the presence of six closely related AFLP groups among the 70
isolates of the 2002 collection. Two groups (AFLP 3 and 4) largely dominated the collection,
while the other four groups were restricted to 1-4 isolates each. The four isolates with A2
mating type wereidentical, and clustered alonein AFLP group 5. The same AFLP groups -
except AFLP 5, found in 2002 only, and a seventh group represented by only one isolate from
the 2001 collection - were found in the 2001 and 2002 collection. Thisindicates a general
stability of the genetic composition of the population present in Ploudaniel in these two
consecutive years.

In both years, isolates virulent to R2 were found a most exclusively among those collected from
Naturella. The race diversity was greater among isolates from Naturella than among isolates
from either Bintje or D@ir.

In both years, the isolates from Naturella were on average less aggressive to cvs Bintje and
D@ir@ than those collected on these cvs. The isolates collected from Bintje were on average
more aggressi ve to both Bintje and D@&irZe than those collected from D@&ire. These data
confirm the findings on the 2001 collection of isolates. There was no difference in mean
aggressiveness between AFLP groups 3 and 4, whereas AFLP group 5 (A2 isolates) were
significantly less aggressive.

(Theseresults arethe subject of the paper Does selection by resistant hoststrigger local
adaptation in plant-pathogen systems?({J. Montarry, R. Corbitre, S. Lesueur, I. Glais
and D. Andrivon; Journal of Evolutionary Biology 2005 [in press; doi 10.1111/j.1420-
9101.2005.01005.x), and available on-line).
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Discussion

The lack of performance of alternated rows of susceptible and resistant cultivars to control late
blight was disappointing, since earlier experiments had shown significant reduction of disease
progressin mixed plantingsin France (Andrivon et a., 2003). However, later experimentsin
conditions highly conducive to | ate blight had shown that mixture performance was low under
high disease pressure (Pilet, 2003; Garrett et a., 2001), but can be increased when disease
pressureislowered (Garrett et a., 2001; Pilet et d., 2006). Alternating rows therefore appears
as apotentially useful component of an integrated late blight control strategy, particularly in
environments marginally favorable to late blight (continental climates for instance). It was
indeed used as one of the strategies tested in model and link farms with reasonable success,
described in Chapter 8: Integrated Systems Approach.

From an epidemiological standpoint, the main mechanism acting in aternated plotsislikely to
be barrier effects to spore transmission. As shown by Maria Finckh and her group at Kassel
University (D) on their work on Intercropping described in Section 3 of this Chapter, this
mechanism will act best if the geometry of the plot is orientated rel ative to the prevailing wind
direction. Although thisis not always possible for practica reasons (particularly in smdl fields),
it is animportant factor to bear in mind when attempting to optimize the benefits from cultivar
diversification schemes at the plot scale. While no competition effects between cultivars were
observed in these trialsin France, the results obtained by Scott Phillipsin the UK described in
Section 2: Variety mixturesin this Chapter using other cultivars showed that this absence of
competition in mixed plantings is not general, but specific to particular cultivar combinations.

The population characterisation of the 2001 and 2002 collections of isolates from one location
(Ploudaniel) raised two interesting results:

* thedistribution of aggressiveness was heter ogeneous between cultivars,
with the most aggressive i solates predominating on the most susceptible host.
This might support the idea of making mixtures of partially resistant cvs only,
rather than introducing a susceptible cultivar in the combination.

* the same pathogen genotypes persisted in the population over consecutive
growing seasons, including the less frequent ones. This finding differs from
observations in other climates (e.g. the Netherlands), where the turnover of
genotypesisrapid (Drenth et al., 1994). This differenceis possibly dueto the
reproductive status of the two populations (asexua in France, largely sexua in
the Netherlands), but also possibly to climatic differences between the two
locations (milder wintersin France possibly allowing alarge fraction of the
population to survive, as compared to the more rigorous winter conditions in the
Netherlands which would eliminate a sizeable fraction of the isolates surviving
on infected tubers). Thisis now being investigated in more detail, by
monitoring the survival ability of isolates with different levels of aggressiveness
in three different climatic environments.

The data collected provide a strong experimental basisto undertake a modeling approach of
popul ation changes in response to selection by resistant cultivars. Such atool would enable
prediction of which isolates will predominate in the pathogen population, depending on their
respective fitnesses on susceptible and resistant cultivars and on the proportion of these cultivars
in the area considered. A prototype version of this model, based on the simple sel ective model

of Leonard (1977), was devel oped recently (Montarry et a, 2005), but it accounts only for the
selective effects during the epidemic phase. It needs now to be expanded to include other
important features, such aslocal survival and gene flow through short and long-distance
transportation of spores and/or infected tubers, for which we still lack appropriate data.
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