
A study of poplar resistance to Phratora (= Phyllodecta) 
vitellinae L. (Col., Chrysomelidae) 

2. Field observations 

By Y. FINET and J.-C. GREGOIRE 

Abstract 
The choice of the phytophagous Chrysomelid Pbrutoru (= Pbyllodectu) vitellinae between 
different Populus clones, previously studied by greenhouse experiments, was estimated by field 
observations in experimental plots in a nursery. A first series of observations concerned 3 clones: 
‘Ghoy’, ‘Columbia River’ and ‘Beauprt’. 

A second series concerned 8 clones: ‘Ghoy l’, ‘Ghoy’, ‘Gaver’, ‘Robusta vert’ ‘Fritzy Pauley’, 
‘Columbia River’, ‘Unal’ and ‘Beauprt’. Food choice and ovi osition site choice were both 
recorded. Food choice was estimated by counting the number ofbeetles on each plant. Oviposi- 
tion preferences were ascertained by counting the number of eggs and larvae. 

In the second series of experiments, we analysed the temporal fluctuations of the results. The 
variation from year t o y  and the modifications within a year were considered. 

The results were as ollows: the order of increasing “resistance” (negative choice by the insects) 
was: P. tricbocurpu X deltoi’des (‘Unal’ and ‘Beaupri‘) and ‘Columbia River’ (P. tricbocurpu); P. 
deltoi’des X nigru (‘Gaver’ and ‘Ghoy’) and ‘Fritzy Pauley’ (P. tricbocurpu); P. nigru (‘Ghoy 1’). 

The field observation corroborated the high resitance of P. nigru ‘Ghoy 1’ to Ph. vitellinae. 
There was a significant correlation between the feeding and egg-laying preference. 
The distribution of the insects may depend considerably on the year of observation. Within a 

year, the closer the surveys in time, the greater the concordance between the observations made. 

1 Introduction 

In a first study (FINET and GREGOIRE 1981), we reported greenhouse experi- 
mental results concerning the relations between a Chrysomelid beetle, Pbra- 
tora (= Phyllodecta) vitellinae L. and various Populus clones. 

We observed that adults showed statistically significant feeding preferences, 
that they showed no significant preferences for egg-laying, and that there was a 
strong correlation between the insects’ level of presence on a plant and the 
consumed leaf areas. This last observation implies that counting the beetles on 
poplar plants may be considered as a close appreciation of feeding preferences. 

These results have now been completed by field observations in experimen- 
tal plots in a nursery. For similar work on other insects and poplars, see 
LAPIETRA (1973), ARRU (1973a), HARRELL et al. (1981). 

2 Material and methods 

2.1 Poplars 
Successive series of observations were made during the years 1976, 1978, 1979 and 1980. 

tricbocurpu x deltoi’des) and ‘Columbia River’ (P. tricbocurpu). 
In 1976, we compared three clones: ‘Ghoy’ (Populus delto?des X nigru); ‘Beaupr.? (P. 
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In the other three years, these clones were compared again, as well as five additional ones: 
‘Ghoy 1’  (P. nzgru); ‘Gaver’ and ‘Robusta vert’ (both P. deltoi‘des X nigru); ‘Fritzy Pauley’ (P. 
trichocurpa); and ‘Unal’ (P. trichocurpa x deltoi‘des). 

2.2 Experimental plots 
The experimental plots were located in a nursery belonging to the “Rijksstation voor Populieren- 
teelt” at Geraardsbergen, Belgium. The nursery is situated near the village of Grimminge, on 
Ypresian clay. 

2.3 Experimental design 
In 1976, there were 5 blocks containing each three parallel rows of 40 cuttings of that year, one 
clone per row, in random order in each block. Distance between plants in a row was 60 cm, 
distance between rows was 2 m. 

During the 3 other years, the experimental design was the same, except that there were 8 rows 
per block (corresponding to 8 experimental clones), with 20 plants per row. In 1978, the plants 
were cuttings of the year; in 1979, we used the same cuttings, 2 years old, which were cut back 
during the winter 1979 and gave new shoots in 1980. These were then used as the experimental 
material. 

2.4 Experimental procedure 
Feeding-choice and egg-laying preferences were estimated by regularly counting the adults and the 
eggs and larvae on the plants. 

In 1976, the insect population was rather low and we used the total numbers of individuals per 
clone and er block in the statistical analysis. 

In the following years, population levels were higher and we used the numbers of insects per 
plant in the statistical analysis. Successive surveys did not always cover all the experimental blocks 
(see table 1). 

3 Results 
3.1 Observations made in 1976 

Our overall results ap ear in fig. 1. As is may be seen there, we had only two 
occasions to count suficient numbers of larvae (26. 8 and 3.9) and adults (18. 
10. and 30. 10.) Therefore we restricted our analysis to 2 sets of data for each 
developmental stage. These data are displayed in figs. 2 and 3. Furthermore, 
due to high plant mortality among the ‘BeauprC’ plants, block 1 was excluded 
from the statistical analysis. 

3.1.1 Oviposition choice 

This was assessed by counting the larvae on the plants. Two 2-way analyses of 
variance (clone/block) were made using the data of 26.8. and 3.9. They 
revealed no significant differences at the 0.05 level between clones (F[26. 8.1 = 
1 ,3 rS ;  F[3.9] = 0,3SNS, with 2 and 6 d.f.), nor between blocks (F[26. 8.1 = 
0,8fiNS; F[3. 9.1 = 1,40NS, with 3 and 6 d.f. . (Throughout this report, 

‘w* a very highly significant result: p < 0,001, and NS a non significant result: 
P > 0,05). 

3.1.2 Adults’ feeding choice 

Similarly, 2-way analyses of variance were made with the data of 18. 10 and 
30. 10. They revealed no significant difference at the 0.05 level between clones 

indicates a significant result: p < 0,05; ‘W a hig I! ly significant result: P < 0,Ol; 
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(F[18. 10.1 = 0,85NS; F[30. 101 = 2,04”’, with 2 and 6 d.f.), nor between 
blocks (F[18. 10.1 = 1,46NS; F[30. 10.1 = 1,14”’, with 3 and 6 d.f.). 

Although there are no statistically significant differences between clones, 
Some rather striking tendencies appear: 
- ‘Ghoy’ was globally less chosen than the two other clones (see fig. 1); 
- There was an increase 

in the number of in- 
sects on the ‘Colum- 
bia River’ plants du- 
ring the second ob- 
servations. 

This could correspond 
to the fact that late in 
the season as it was, the 
leaves of this clone 
stayed in much better 
condition than those of 
‘Ghoy’ and ‘BeauprC ’. 

3.1.3 Relation between 
feeding-choice and ovi- 

position choice 

There is a good para- 
metric correlation be- 
tween total numbers of 
adults and of larvae 
counted throughout the 
year per clone and per 

with 14 degrees of free- 
dom: see fig. 4. 

block: = 0,81:t4:), 

Fig. 1. Egg-laying and feeding 
choices: overall results of the 
1st series of field observations 

800 

700 

600 

500 

LOO 

300 

200 

100 

LOO 

300 

200 

100 

Larvae 

‘Beoupri‘ 

Adults 

- 
3l.7.76 26.0 0 3010 

3.2 Observations made in 1978, 1979 and 1980 

3.2.1 Adults’ feeding choice 
3.2.1.1 Estimation of the preferences 

The individual results of our observations are presented in table 1. These 
results were submitted to  a 2-way analysis of variance (clones/successive 
surveys). 

Comparing the clones, we obtained: F = 3,84:b4:t, with 7 and 112 d.f. 
Testing the interaction between clones and successive surveys, we obtained: 

This highly significant interaction means that the insects’ choice varied 
F = 18,45‘t‘t‘t, with 112 and 3987 d.f. 
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Fig. 2. Egg-laying choice: distribution of the larvae and eggs on the plants in the nursery. Data 
utilised in the analysis of variance (1st series of observations) 
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Fig. 3. Feeding choice: distribution of the adults on the plants in the nursery. Data utilised in the 
analysis of variance (1st series of observations) 
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sometimes very much from one survey to another. Since these surveys were 
made at very different periods, a first conclusion would be that insects’ choice 
could be strongly influenced by the period in the year. 

3.2.1.2 
We tried to analyse this hypothesis further. We estimated concordance or 

discordance between the results of the ten surveys made between August 1978 
and September 1979, using KENDALL’S concordance coefficient (SIEGEL 1956). 

Fluctuations of the results during the course of time 

c I 
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30C 
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/ 

b ’Ghoy‘ 

x ’Booupre’ 
A ‘Columbia RIVU‘ 

100 200 300 100 500 Adults 

Fig. 4. Correlation between feeding-choice and oviposition choice in the 1st series of field 
observations 

Such a coefficient may be computed when there are at least 3 values to 
compare. 

Fig. 5 shows the evolution of KENDALL’S concordance coefficient (W), as a 
function of the number of surveys considered, in chronological order. Two 
curves are shown: curve 1 concerns the ranks obtained for all the clones 
studied, whereas curve 2 concerns these same clones with the exception of P. 
nigra ‘Ghoy 1’’ which remained constantly the least attractive, and was the 
only clone that kept identical scores (in terms of rank) in all the surveys. 

Fig. 5 also shows the curves representing the theoretical limits at p = 0.05 
and p = O,O1 for the values of the KENDALL’S coefficient (W). 

It may be seen that concordance is good and even becomes highly signifi- 
cant with 6 or more surveys, if the data concerning ‘Ghoy 1’ are included. O n  
the other hand, the results obtained with the other 7 experimental clones when 
‘Ghoy I’ is excluded vary apparently at random from one survey to another: 
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and c-. wilh ‘GHOY 1’ 
A and A- -4 without ‘GHOY 1 ’  

: limit at p z  0.05 
-_____ : limit at p= 0.01 

1 :  survey 1 :  concordance brtwrcn 
5 blocks 

2: survay 2: concordance betwccn 
5 blacks 

Kendoll’s coefficients between 
results obtoinod in different 

t:.. , ,,.l / blocks during a givcn survey 

0 1 ,  ” . ” . . ’ . ’ ’ .  ’ . ’  0 
1 2 3 I 5 6 7 8 9 10 11 12 13 i s  15 16 17 Number of surveys 

Fig. 5. Evolution of KENDALL’S concordance coefficient (W) between the results, as a function of 
the number of surveys considered, in chronological order, in the 2nd series of field observations 

(feeding choice) 

the significant concordance between them is only barely obtained with more 
than 8 surveys. 

values of W are 

It is also possible to 
provided that the 

Both includin and excluding ‘Ghoy l’, there is a better concordance 

between the results obtained during distinct surveys, for this analysis, the 4 or 
5 first surveys of the series of 17, taken as a basis for comparison (see again 
fig. 5). 

This suggests that the important variability observed in the field is more 
temporal than s atial: the results vary essentially as a function of the moment 

Of course, linking variations in our results to a time-scale does not make a 
wholly satisfactory explanation of the results obtained: many different factors, 
depending themselves on time, may play a role: climatic conditions, seasonal 
variations in leaf quality,. growth of the plants, emergence of the 2nd genera- 
tion of adult beetles, redistribution of the insects on the plants after hiberna- 
tion, etc. 

We analysed the effects of two factors: the variation from year to year, and 
the modifications within a year. We classified the clones per order of increasing 
infestation level for each held survey (ranks from 1 to 7: ‘Ghoy 1’ excluded 
because of the constancy of results obtained with this very resistant clone). 

between the resu k ts obtained in 4 or 5 blocks during the same survey than 

the surveys too R place. 
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Variation from year to year 
For each of the years 1978, 1979, 1980, we computed the KENDALL'S 

concordance coefficient (W) for the results obtained during the different 
surveys each year. The value of this coefficient depends upon the number of 
surveys considered. As we wanted to com are coefficients which did not 

a relative concordance 
coefficient C : C = - (ratio between the observed KENDALL'S coefficient W 
and the same coefficient corresponding to a theoretical signification level 
p = 0.05). 

We also computed C for the whole set of field surveys made during the 3 
years 1978, 1979 and 1980. 

We obtained: 

depend on the number of surveys, we caculated P 
W 

waos 

1978 (3 surveys): C = 1,005" 
1979 (7 surveys): C = 1,645*:-:F 
1980 (7 surveys): C = 1,341'F:f 
1978 i- 1979 + 1980 (17 surveys): C = 1,074:> 

These values suggest that the results obtained during the same year are more 

We also computed C for the sets of field surve s corresponding to the two 
homogeneous than the results obtained during different years. 

by two combinations of the years 1978, 1979 an B 1980. 
We obtained: 1978 + 1979 (10 surveys): C = 0,995NS 

1979 + 1980 (14 surveys): C = 0,762NS 
19-78 + 1980 (10 surveys): C = 2,127*'> 

This shows that the most concordant results are those of the two years 1978 
and 1980 considered together. 

Inversely, the results of two successive years, 1978 and 1979, and 1979 and 
1980, are not concordant. 

This could be due to the severe cutting back of the poplars between 1979 
and 1980; thus the new youn growths of 1980 became similar to the first ones 
of 1978, whilst in 1979 the p P ants were very high. 

We conclude that : 
- passing from year to year may modify the preferences of the insects. 
- the global result of any iven year is not the average of ill-matched values, 

but, on the contrary, o P significatively to very significatively concordant 
observations. 

The distribution of the insects may thus change from year to year. 

Modifications within a year 
For the years 1979 and 1980, we computed a series of concordance 

coefficients concerning different surveys chosen during the year. All possible 
combinations were considered, even with surveys which were not consecutive : 
see fig. 6.  

Along the horizontal axis, we placed the degree of remoteness of the 
different surveys. The degree of remoteness was evaluated by counting the 
number of surveys "missed" between non-consecutive surveys considered for 
each computation. Along the vertical axis, we put the means of all relative 
concordance coefficients which were calculated for different combinations 
having the same degree of remoteness. 

Fig. 6 shows a highly significant correlation between the closeness in time 
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between the 1979 surveys and the concordance of the observations made 
during these surveys. No such correlation is observed for 1980. 

The correlation observed in 1979 suggests that the distribution of the insects 
on the different clones varied gradually throughout the year. 

3.2.2 Oviposition choice 

This was assessed by counting, during some of our observations, the number 
of eggs and larvae on the plants. A synthesis of the individual results appears in 
table 2. These results were submitted to a 2-way analysis of variance (clones/ 
successive surveys). 

Comparing the clones, we obtained:F = 3,273‘$, with 7 and 28 d. f .  
Testing the interaction between clones and successive observations, we 

Although hi hly significant, this interaction is less important than in the 

This is confirmed by fig. 7, which shows the evolution of KENDALL’S 
concordance coefficient (W) as a function of the sucessive surveys. 

As for feeding choice (cf. fig. 5), two curves are presented, one including P.  
nigru ‘Ghoy 1’ and the other excluding it. 

Only five surveys concerning oviposition choice were made. KENDALL’S 
concordance between them becomes very good with four or five surveys, even 
if the data concerning ‘Ghoy 1’ were excluded. 

This shows that the distribution of the eggs and larvae on the different 
poplar clones is less dependent on time than the distribution of the populations 
of adults on the same clones. 

Moreover, fig. 7 shows the points corresponding to values of the concor- 
dance coefficient obtained between blocks during two distinct surveys. Com- 
putation of this concordance of results between blocks was possible for 
surveys 1 and 3 (1978) because these concerned respectively 4 and 5 experi- 
mental blocks. The concordance coefficients obtained in this case are inferior 
to those calculated for the comparison of 4 or 5 surveys distinct in time. 

This means that, contrarily to what had been observed with feeding choice, 
spatial variability could be more important than temporal variability when 
egg-laying choice is concerned. 

0btained:F = 6.87b:b‘b, with 28 and 1687 d. f .  

previous case o P adults’ feeding choice. 

3.2.3 Relations between feeding-choice and oviposition-choice 

A parametric correlation between the total absolute numbers of adults and of 
eggs counted on each clone gives a significant correlation coefficient: r = 0,735:b, 
with 7 d. f. (see fig. 8). 

4 Discussion 

Previous experiments in a greenhouse allowed us to classify our experimental 
poplar clones along a scale of increased sensitivity: P .  nigra; P .  trichocurpa; 
P .  deltoides x nigru; P. trichocurpu x deltoides (FINET and GREGOIRE 1981). 

Globally, the results of our field observations lead to rather similar conclu- 
sions. 

We may draw no conclusion from the results of the first series of observa- 
tions (1976), since the scarcity of insects allowed us to examine only two 
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surveys for feeding-choice and two for egg-laying-choice, and since the second 
series of observations showed a posteriori that no significant concordance of 
response to each clone tested appears before 4 surveys are made in the case of 
egg-laying-choice, and before 7 surveys are made in the case of feeding-choice. 

The second series of experiments leads to much more substantial conclu- 
sions. Tables 1 and 2 allow a classification of our experimental poplar clones 
along a sensitivity scale regarding egg-laying choice and feeding-choice by 
Phratora vitellinae. Such a classification is summarized in table 3, where we 
also present a multiple comparison of means, using NEWMAN and KEULS’ 
method. 

One of the most important results of our field-tests is the confirmation of 
the great resistance of P. nigra ‘Ghoy 1’ to  Ph. witellinae. 

Inversely, the P. trichoculpa x deltoi’des (‘Unal’ and ‘Beaupri’) have been 
globally the most intensively attacked (see table 3). 

The P. deltoides x nigra (‘Ghoy’, ‘Gaver’ and ‘Robusta vert’) seem only 
mildly sensitive. 

The P. trichocarpa (‘Fritzy Pauley’ and ‘Columbia River’) seem however to 
be more sensitive in the nursery than in the greenhouse. This is particularly 
true for ‘Columbia River’, which has always been attacked as much as the P. 
trichocarpa x deltoides. This is perhaps linked to particular properties of our P. 
trichocalpa plants in the nursery: they displayed many lateral branches and 
very large leaves. The silhouette of these plants, linked with the high density of 
their foliage, could have visually stimulated the insects and have a certain long- 
range attractivity. 

Table 3. Sensitivity of the experimental clones in the field 

P l a n t  choice Food choice O v i p o s i t i o n  cho ice  

2 .  nigra ‘Ghoy 1’ 

‘Gaver’ 

‘ F r i t z y  Pauley’ 

‘Ghoy’ 

‘Robusta v e r t ’  

‘Unal‘ 

‘Columbia R i v e r ’  

‘Beaupr6’ 

(0.341 

(3.681 

(3.731 

(3,751 1 
[5,331 

(7.421 

P. nigra ‘Ghoy 1‘ (0.681 

‘Gaver‘ (4,251 

‘ F r i t z y  Pauley’ (4,501 

‘Robusta v e r t ’  (5,671 

’Ghoy’ (5.751 

‘Unal’ (10,131 

‘Columbia R ive r ‘  [18,131 1 ‘Beaupr6‘ (18,801 

Between b racke ts  a re  shown t h e  mean numbers o f  a d u l t s  o r  eggs observed 

pe r  p l a n t .  A cont inuous l i n e  between two or more c lones i n d i c a t e s  t h a t  

no s i g n i f i c a n t  d i f f e r e n c e  was observed between them a t  t h e  ct = 0,05 

l e v e l .  
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Thus, low differences in sensitivity are not necessaril maintained from one 
experimental mode to another, with poplars differing Y rom origin, or age, or 
planted in dissimilar conditions. 

It is thus necessary to be careful if the experimental results are not striking 
enough: their validity is erhaps not general, even if some differences are 
statistically significant in t R e context of a given experiment. But this is wide- 
common sense. . . 

In particular, field studies bring results which, though perhaps very close to 
reality, are, as is reality itself, influenced by many fluctuating ecological 
elements, and thus results are reliable only after several years of observation. 

Variability in the field may be spatial, but above all temporal: the results 
de end essentially on the moment of observation. The insects’ choice is 
in P luenced above all by the year considered. In a given year, this choice is also 
function of time. These seasonal variations are in their turn influenced by 
insect-dependent factors (mobility depending on the climate, spring migration 
from the hibernation quarters, occurrence of the second generation peak, . . .), 
and by plant-dependent factors (date of apparition of the first shoots - 
differing from clone to clone -, modifications, not always synchronous, of 
physiological features, or of the phagostimulant or deterrent properties of the 
different clones, . . .). 

About egg-laying choice, we may say that here it is narrowly linked to 
feeding-choice. However, egg-laying choice seems to be more independent of 
the year or the season. 

As already suggested by our greenhouse experiments (FINET and GREGOIRE 
1981), our field observations lead us to suppose that ‘Ghoy 1‘ is at the upper 
end of a scale of increasing resistance to Ph. viteflinae. In the course of 
hybridization, most of the P. nigra would brin along “viteffinue resistance 

genes”. Indeed, the hybrids P. deftoi’des x nigru present generally the most 
intermediate features. ARRU (1973b) reports this for different species of 
Coleoptera (Byctyscus opufi L., Byctyscus betufae L., Phratora viteffinae L., 
Cyptorrhynchus fapat R. t L., Saperda carcharias L., Agrifus suvorovipopufneus 
Schaef., and Melanophifa pictu Pall.): 
- of the 2 clones of P. nigru tested, both are resistant; 
- of the 9 clones of P. deftoides tested, all nine are sensitive; 
- of the 17 clones of P. deftoides x nigra tested, 11 are resistant and 6 are 

However, P. ni ra may be sensitive to other insects, to which, inversely, the P. 

ARRU (1973b) reports that: 
- of the 6 clones of P. nigru tested, all 6 are sensitive 
- of the 6 clones of P. deftoides tested, 5 are resistant and one is sensitive. 
- of the 12 clones of P. deftoides x nigra, 5 are resistant and 7 are sensitive. 
When Lepidoptera species are considered, the characteristics of the two species 
are less clear-cut: 
- of the 9 clones of P. nigra, 6 are resistant and 3 are sensitive. 
- of the 4 clones of P. deftoides, all 4 are resistant. 
- of the 15 clones of P. deftoides x nigra, 6 are resistant and 9 are sensitive. 
It thus appears that, in general, the hybrids P. deftoides x nigra present 
intermediate characteristics. 

genes”. On the other hand, P. deftoides woul d generally bring “sensitivity 

sensitive. 

deftoides are o P ten resistant. For some species of Homoptera, for instance, 
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Zusammenfassung 
Zur Resistenz von Pappeln gegeniiber Phratora (= Phyllodeaa) vitellinae L. (Col., Chrysornelidae). 

2. Freilandbeobachtungen 
Auf Experimentalparzellen in einer Baumschule wurde die Empfindlichkeit verschiedener Klone 
von Populus spp. gegeniiber der pflanzenfressenden Chrysomelide Pbrutoru (= Phyllodecta) 
vitellinue L. untersucht. 

Eine 1. Beobachtungsreihe bezog sich auf 3 Klone: ‘Ghoy’, ‘Columbia River’ und ‘Beauprk’, 
eine 2. Reihe auf 8 Klone: ‘Ghoy l’, ‘Ghoy’, ‘Gaver’, ‘Robusta vert’, ‘Fritzy Pauley’, ‘Columbia 
River’, ‘Unal’ und ‘Beauprk’. 

Die Protokollaufnahmen betrafen sowohl die Nahrungswahl der Imago als auch die Wahl der 
Brutstatten. Die Nahrungswahl wurde schatzungsweise erfai3t durch Abzahlen der Imagines auf 
jeder Pflanze. Die Bevorzugung der Brutstatten wurde durch Abzihlen der Eier und der Larven 
festgelegt. 

Bei der 2. Beobachtungsreihe wurden auch die Schwankungen der Ergebnisse in bezug auf die 
Zeit analysiert. Dabei wurden die Veranderungen von Jahr zu Jahr sowie die Veranderungen 
innerhalb ein und desselben Jahres erfagt. 

Folgende Ergebnisse wurden gewonnen. 
Die Reihenfolge zunehmender Widerstandsfahigkeit (negative Wahl der Insekten) war: P. 

tricbocurpa x deltoi’des (‘Unal’ und ‘Beauprh’) und ‘Columbia River’ (P. tricbocurpa); P. deltoi’des x 
nigru (‘Gaver’ und ‘Ghoy’) und ‘Fritzy Pauley’ (P. trichocarpa); P. nigra (‘Ghoy 1’). Die groi3e 
Widerstandsfahigkeit von P. nigra ‘Ghoy 1’ gegeniiber Pb. vitellinue wurde durch die vorherigen 
Feststellungen im Gewachshaus bestatigt. 

Es bestand ein deutlicher Zusammenhang zwischen der Nahrungswahl und der Wahl der 
Brutstatten. 

Die Verteilung der Insekten auf die verschiedenen Klone hing stark vom jeweiligen Jahr ab. Im 
Laufe eines Jahres war ein Zusammenhang festzustellen zwischen den Ergebnissen zeitlich 
naheliegender Protokollaufnahmen und der Konkordanz (concordance coefficient of Kendall), die 
sich aus den Beobachtungen dieser Protokollaufnahmen ergibt. 
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