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Abstract 

Rotated and non-rotated commercial potato fields were sampled intensively to follow Colorado potato 
beetle, Leptinotarsa decemlineata (Say) (Coleoptera: Chrysomelidae), colonization and subsequent ovi- 
position patterns in the spring of 1990 and 1991. Maximum densities of colonizing adults ranged from 
0 to 14,891/ha and maximum egg mass densities ranged from 0 to 48,451/ha. Crop rotation generally 
resulted in lower potato beetle populations. Regardless of crop rotation management practices, coloni- 
zation of fields planted in potatoes began at field edges and progressed inward in all fields for both years. 
Management of potato beetles is discussed in light of these findings. 

Introduction 

The Colorado potato beetle, Leptinotarsa decem- 
lineata (Say), is the most destructive insect defo- 
liator of potato, Solanum tuberosum L., world- 
wide (Gauthier etaL, 1981; Ferro, 1985; Hare, 
1990). Due to a lack of alternative control mea- 
sures, conventional insecticides have been used 
extensively to control potato beetle populations 
in commercial potato production. This has led 
to widespread development of insecticide resis- 
tance (Gauthier etal., 1981; Ferro, 1985; For- 
gash, 1985; Helm et al., 1990; French, 1992). The 
loss of effective, conventional insecticides has 
stimulated interest in applied ecological research 
aimed at reducing insecticide dependence. A more 
ecologically-oriented management approach must 
rely on a sound understanding of the beetle's sea- 
sonal biology and population dynamics in rela- 
tion to agroecosystem structure and crop produc- 
tion practices. 

Certain aspects of the potato agroecosystem 
are unique to different regions and potato pro- 
duction systems (Hare, 1990). In many regions of 
the northern United States (US), potatoes are 
grown as a full season crop that is planted in late 
April or May and harvested in September or Oc- 
tober. In eastern North Carolina (NC) and por- 
tions of the southeastern US, potatoes are pro- 
duced as a spring crop that is planted in February 
or early March and harvested in June. In eastern 
NC, potatoes are rotated with corn, Zea mays 
(L.), or wheat, Triticum spp., and are frequently 
double-cropped with soybeans, Glycine max 
(Merr.). Rotations, however, typically involve 
planting the potato crop in an adjacent field, often 
separated from the field in which potatoes were 
grown the previous year by only a drainage ditch, 
canal, field road, or hedgerow. 

Colonization of potato fields by potato beetles 
has been studied on a limited scale. The rate and 
duration of colonization by overwintered adult 
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potato beetles has been shown to be influenced by 
both crop rotation and climatic factors (Ng & 
Lashomb, 1983; Lashomb & Ng, 1984). One con- 
sequence of crop rotation is a reduction in potato 
beetle densities (Lashomb & Ng, 1984; Wright, 
1984). Colorado potato beetles overwinter as 
adults in the soil. In NC they emerge usually over 
a period extending from early April through May 
and colonize potato fields when plants are 10 to 
25 cm tall. Although overwintered adults are ca- 
pable of flight (Voss & Ferro, 1990), early season 
flights have been observed only occasionally in 
NC and dispersal from overwintering sites seems 
to be primarily by walking. 

Early detection of potato beetle populations is 
important for both insecticide resistance moni- 
toring (French, 1992) and pest management de- 
cision making. Knowledge of the spatial and tem- 
poral patterns of crop colonization by a pest can 
be particularly valuable to early detection and 
prediction of pest infestations (Kennedy & Mar- 
golies, 1985, others). This study was undertaken 
to describe the spatial and temporal patterns of 
spring colonization by overwintered Colorado 
potato beetles in rotated and non-rotated potato 
fields in eastern NC. 

Materials and methods 

Colorado potato beetle adults and egg masses 
were sampled from commercial potato ('Atlantic' 
or 'Superior') fields in eastern NC in 1990 and 
1991. Fields were partitioned into many subunits 
by small drainage ditches, large canals, and dirt 
roads. Most subunits were much longer than wide 
and were always bordered by small drainage 
ditches which ran parallel with the length of the 
subunit. Because different subunits within a field 
were planted with different potato varieties or 
crops, tended by different farmers, or had differ- 
ent crop sequences, we consider each subunit to 
be a separate field. 

Visual samples were taken in a 10 • 10 grid 
with 10 m separating samples in each row and 10 
rows separating rows of samples across the field. 
At each grid point, plants in 0.9 m of row were 

inspected for adults and egg masses. The grid was 
positioned in each field to include three field edges. 
Certain fields were narrower than the 10 • 10 grid, 
so portions of adjacent potato fields were included 
in the grid. These adjacent fields were separated 
from the primary sample fields by small drainage 
ditches less than 1 m wide. The field designated 
as Mary 3 was sampled as a 7 x 15 grid, because 
it was narrow and completely surrounded by 
small grain crops. Fields were sampled at 3- to 
7-day intervals from the onset of adult coloniza- 
tion and sampling was discontinued 1 to 3 days 
before the first foliar application of insecticides. 

From 11 April through 3 May 1990, a single 
rotated (i.e., not planted to potato in the previous 
year) and non-rotated potato field was visually 
sampled in Washington Co., NC. Three rotated 
fields (Mary 3, Barfield 9-10, and Abbott 2-4) 
and three non-rotated fields (Egypt 2-3, Barfield 
2-3, and McCotter 3-4) were sampled from 
13 April through 3 May 1990 in Pamlico Co., NC. 
Because non-rotated fields were unavailable in 

Table 1. Crop rotation histories of the experimental fields 

Field " Crop produced b Rotated c 

1989 1990 1991 

Abbott 1-4 S P V Yes 
Abbott 5 P S V - 
Barfield 1-3 P P P No 
Barfield 8-10 S P P Yes 
Brooks 1-4 P S P Yes 
Campen 1-3 S S P Yes 
Campen 4-5 S S S - 
Egypt 1-3 P P S No 
Egypt 4-5 S S S - 
Mary 1-2 P S P Yes 
Mary 3 S P S Yes 
Mary 4-5 P S S - 
McCotter 3-4 P P S No 
Riggs 4 P S P Yes 

a Sample sites not presented in the figures are not included in 
table. 

b Crop produced during spring; P = potato, S = small grain 
(corn or wheat), V = vegetable (cabbage or broccoli); under- 
lined crop indicates year field was sampled. 

c Rotated (Yes) or non-rotated (No) field at time of sampling; 
rotated fields were not planted to potato in the previous 
year. 



Pamlico Co. in 1991, six rotated fields (Campen 
1-2, Mary 2-3, Riggs 4, Brooks 2-S, Brooks 2-N, 
and Brooks 3-S) were sampled from 12 April 
through 30April. Cropping histories are de- 
scribed in Table 1. 

Colorado potato beetle colonization and ovi- 
position patterns are illustrated with contour plots 
(CoPlot, CoHort Software, Berkeley, CA) with 
each plot representing a field on one sample date. 
Densities indicate numbers of adults or egg 
masses per 0.9 m of potato row, and the position 
of ditches, canals, roads are clearly marked. More 
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detailed descriptions of fields and rotational his- 
tories are provided in Table 1. 

Results 

Colonization patterns 

Non-rotatedfields. Colorado potato beetle infes- 
tations appeared to originate along drainage 
ditches in non-rotated potato fields. In Egypt 2-3, 
adult invasion began from the drainage ditch be- 
tween fields 2 and 3, and by April 23, a beetle 
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Fig. 1. Colorado potato beetle colonization and oviposition patterns in Egypt 2-3, a non-rotated field in 1990. Subunits of each 
field are identified by numbers above their location. Density scale refers to number of beetle adults or egg masses per 1 row meter 
sample in the grid. 
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Fig. 2. Colorado potato beetle colonization and oviposition patterns in Barfield 2-3, a non-rotated field in 1990. Subunits of each 
field are identified by numbers above their location. Density scale refers to number of beetle adults or egg masses per 1 row meter 
sample in the grid. 

infestation was observed on the northern ditch of 
Egypt 2 (Fig. 1). By April 30 the sampled area 
was moderately saturated with adults and  egg 
masses which reached densities of 8,158 and 
17,109/ha, respectively. At these densities, 41~o 
and 63 ~ of the 100 samples were infested with 
adults, and egg masses, respectively. A similar in- 
vasion pattern was observed in McCotter 3-4 
(not illustrated). Likewise, the infestations of B at- 
field 2-3,  another non-rotated field, were first ob- 
served along the drainage ditch areas (Fig. 2). 
The size of the population colonizing Barfield 2-3 
(1,586 adults/ha) was considerably lower than 

that in Egypt 2-3, and the egg mass distribution 
remained clumped near the initially colonized 
edges adjacent to the small drainage ditches. Egg 
mass density peaked in Barfield 2-3 at 5,439/ha, 
and a much lower percentage of the samples was 
infested with adults (11 ~o ) and egg masses (27 ~o ) 
as compared with Egypt 2-3.  The infestation pat- 
tern in these non-rotated fields suggests that over- 
wintered adults colonizing the field have survived 
at field edges. 

Rotated fields. Infestation in fields rotated into 
potato were clearly initiated by overwintered 



251 

Ditch Ditch 

: : i  

? : 

03 
-._l 

c~ 

4 3 2 

! / i  !i!)ii;)Z i i ! i  i)! i i!!!! i iT!;!)i i i i i?)ii!i ! ! ! i  / ii)iii ! i i i?i/!i i i i l i  �84 ii!i!)ii!!)iiiiii!ili)i)!!i 

iiiiiiii)i)ii iiii ~ i(:iiiiii i!iiiiii/iill iiii(iiiiii,i,i~i~;~i~i~i~i~i~iiiii~iiiiiiiiiiiiiiiiiiiiiiiii?iiill i i/iii!i!i!iiii!iiiii 

! 

03 
LU 

! 03 i 
03 
<~ 

<_9 
<_9 
LU 

18 April 90 27 April 90 

R o a d  

DENSITY 

m 8  
m z  
m 6  
m 5  
m 4  
m 3  
m 2  

0 

1 
N 

Canal 
Fig. 3. Colorado potato beetle colonization and oviposition patterns in Abbott  2-4, a field rotated into potato in 1990. Subunits 
of each field are identified by numbers above their location. Density scale refers to number of beetle adults or egg masses per 1 
row meter sample in the grid. 

adults associated with nearby fields that had been 
planted to potatoes the preceding year but not in 
the current year. For example, in 1990 no potato 
beetle infestations were observed along the drain- 
age ditches in Abbott 2-4, which had been planted 
to small grains in 1989. Rather, the potato beetle 
adults invaded Abbott 2-4 from the field edge 
that was separated from Abbott 5 by a road and 
a drainage canal. Abbott 5 was planted to small 

grains in 1990, but had been planted to potato in 
1989 and was the likely source of beetles invad- 
ing Abbott 2-4 in 1990. Abbott 2-4 was the 
closest source of potato foliage for adults emerg- 
ing in proximity of Abbott 5 in 1990. In Abbott 
2-4, maximum densities reached 2,379 adults/ha 
and 9,404 egg masses/ha, and the percentages 
of the samples infested with adults (15%) and 
egg masses (30 %) was relatively low. Adults and 
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egg masses remained concentrated near the inva- 
sion edge throughout the sample period in Abbott 
2-4. 

Infestation patterns in Campen 1-2 (Fig. 4), 
another rotated field, were very similar to those 
observed in Abbott 2-4. The closest fields planted 
with potato in 1989 were more than 250 m east of 
Campen 1-2. In 1990, adults were concentrated 

along the eastern edge in Campen 1 and never 
saturated the sampled area. Campen 4-5, fields 
beyond the roads bordering Campen 1-2, were 
planted to small grains in 1989, 1990, and 1991. 
Maximum densities reached 3,286 adults/ha and 
5,779 egg masses/ha, and a low percentage of the 
samples was infested with adults (20~o) and egg 
masses (19~o). Similar infestation patterns were 
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Fig. 4. Colorado potato beetle colonization and oviposition patterns in Campen 1-2, a field rotated into potato in 1991. Campen 
4-5 subunits (not shown) were located beyond roads bordering Campen 1-2 and were planted to small grain in 1989, 1990, and 
1991. Subunits of each field are identified by numbers above their location. Density scale refers to number of beetle adults or egg 
masses per 1 row meter sample in the grid. 



observed in other rotated fields including Brooks 
2-S, Brooks 3-S, and Riggs 4. 

Of all sites, the highest density of adults 
(14,891/ha) and egg masses (48,451/ha)was ob- 
served in Mary 3, where 58~ and 86~o of the 
samples were infested with adults and egg masses, 
respectively. Eight fields (Mary 1-2, Mary 4-5, 
and Brooks 1-4) surrounding or near Mary 3 that 
had been planted to potatoes in 1989 were planted 
to corn in 1990. Consequently, in 1990, Mary 3 
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was the nearest source of potato foliage for adults 
emerging in or around those fields. The infesta- 
tion pattern of Mary 3 reflects a directional inva- 
sion by overwintered adults from these surround- 
ing fields (Fig. 5). Adults and egg masses were 
initially (April 13 and 18) clumped near the west- 
ern, northern, and eastern edges of the sampled 
area, which were adjacent to fields that produced 
potatoes in 1989, but not in 1990; however, the 
infestation soon spread throughout the entire 
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field. In 1991, the large beetle population pro- 
duced in Mary 3 during 1990 colonized the ad- 
jacent Mary 1-2 and Brooks 1-4 which were 
again planted to potato. 

Distance of rotation 

In 1991 Brooks 2 demonstrated the effect that 
distance may have on colonization. The north 
and south ends of Brooks 2 were colonized by 
adults produced in Mary 3 during the previous 
year. The south end of Brooks 2 is separated from 
Mary 3 by a drainage ditch, but the north end of 
Brooks 2 is approximately 300 m from Mary 3. 
The maximum densities of adults (576/ha) and 
egg masses (1,586/ha) reached in the north end of 
Brooks 2 were less than 15~o of the densities 
reached in the south end of Brooks 2, and the 
proportion of the samples infested was also much 
lower in the north end of Brooks 2 (adults, 0.05; 
egg masses, 0.11) than in the south end (adults, 
0.29; egg masses, 0.41). 

Discussion 

Distribution of overwintered adults. Infestation 
patterns in non-rotated fields suggest that over- 
wintered Colorado potato beetle adults survived 
at greatest densities along field edges near drain- 
age ditches and canals. Adults initially colonized 
potato plants adjacent to drainage ditches. We 
propose two hypotheses to explain the observed 
pattern; both assume that before or during potato 
harvest in early June, adults respond to feeding 
on stressed potato foliage or potato tubers by 
dispersing to locate alternate host plants or dia- 
pause sites. Previous research has demonstrated 
that potato beetle adults can be stimulated by 
stressed foliage to enter diapause even under long 
photoperiods (Danilevski, 1965, de Wilde & Fer- 
ket, 1967; de Wilde & Hsiao, 1981; de Wilde 
et aL, 1969). 

Under the first hypothesis, following potato 
harvest in June, adults disperse to the tall vege- 
tation present along most drainage ditches and 

canals. With few solanaceous host plants avail- 
able along the drainage ditches and canals at the 
time of harvest, adults starve or burrow into the 
soil where they enter diapause and remain until 
the following spring. Voss and Ferro (1990) re- 
ported that potato beetle adults engaging in 
diapause-mediated seasonal migration flew 'di- 
rectly from the field to the edges of surrounding 
woods'. Although most potato acreage in NC is 
open and not surrounded by woods, the ditch 
areas between these fields contain tall vegetation 
which may act as a surrogate woods. In our stud- 
ies, the infestation patterns suggested a prepon- 
derance of beetles invaded fields from overwin- 
tering sites along drainage ditches and field 
margins. 

An alternative hypothesis to explain the infes- 
tation patterns we observed is that adult beetles 
enter the soil both within fields and along drain- 
age ditch and canal edges, but suffer higher mor- 
tality within the field than in the undisturbed 
areas. Because most fields are planted to a sec- 
ond crop following potato harvest, the soil within 
fields is tilled several times during the period be- 
tween potato harvest and emergence of overwin- 
tered adults the subsequent year. This tillage may 
displace some adults to the soil surface resulting 
in mortality from predation by birds and unfa- 
vorable environmental conditions during the win- 
ter. Tillage may also bury some adults deeper into 
the soil causing a prolonged emergence period in 
the following spring. In a preliminary study con- 
ducted in early March of 1991 prior to potato 
planting, soil samples were taken within three 
non-rotated potato fields and along associated 
drainage ditches and canals. Approximately 69~o 
of the adults recovered (n = 71) were in samples 
taken along drainage ditches and canals border- 
ing the fields (N. M. French, P.A. Follett & 
B. A. Nault, unpublished data). Although over- 
wintered beetles appeared to be present at higher 
densities along drainage ditches and canals than 
in the potato fields per se, the vastly greater area 
contained within the potato fields indicates that 
an enormous number of beetles overwintered 
there. However, because the infestation patterns 
repeatedly observed in the nonrotated fields we 



sampled, indicate distinct density gradients origi- 
nating along field margins, we suspect that as a 
result of spring tillage and planting operations 
mortality of beetles within the field must be ex- 
tensive. 

Colonization patterns. In non-rotated potato 
fields, adult infestations were consistently ob- 
served along field edges adjacent to drainage 
ditches and remained clumped during the early 
period of colonization. Egg mass distributions 
were similarly clumped along field edges where 
adults were first detected. High adult densities 
tended to saturate the sample site with egg masses. 
Egg mass distributions remained clumped near 
the initially colonized edge(s) when adult popu- 
lation densities were low. A strong directional 
infestation pattern in fields rotated into potatoes 
was observed in both years and reflected the po- 
sition of fields planted in potatoes during the pre- 
vious year. In most rotated fields, adult and egg 
mass distributions remained clumped near the 
field edge closest to fields planted to potatoes the 
previous year. Any sampling program developed 
to determine the necessity and timing of tactics 
for suppressing potato beetle infestations should 
account for the clumped patterns of potato beetle 
colonization typical of rotated potato fields. Crop 
rotation did not always guarantee lower densities 
of potato beetles, as demonstrated in Mary 3 
(Fig. 5). 

Distance of rotation. The distance that potato 
fields were rotated away from potato plantings 
and overwintering sites in the previous year ap- 
peared to affect the benefits of crop rotation. As 
demonstrated by the 1991 infestations in the 
northern and southern ends of Brooks 2, rotated 
potato plantings adjacent (within 20 m) to fields 
that had been planted to potato the previous 
year generally had higher densities of potato 
beetles than rotated plantings somewhat isolated 
(>250 m) from fields planted to potato the pre- 
ceding year. Thus, rotating to adjacent fields is 
not an effective Colorado potato beetle manage- 
ment tactic. Colonization of potato fields can be 
delayed when migrating adults must cover longer 
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distances (Lashomb & Ng, 1984; Wright, 1984). 
A delay in colonization directly affects time of 
emergence of first generation adults (Voss et al., 
1988). Because many commercial potato plant- 
ings in NC are concentrated into large acreage 
farmed by several growers, large scale (i.e, area- 
wide) rotations would require the cooperation of 
all the growers within an area. 

Colorado potato beetle management. Insecticide 
resistance management is a key consideration 
when attempting to manage Colorado potato 
beetle populations. Crop rotation over an appro- 
priate distance can reduce potato beetle infesta- 
tion levels and thus the frequency of insecticide 
applications, thereby easing selection pressure for 
resistance (Roush etal., 1990). However, crop 
rotation may also force isolated potato beetle 
populations with different resistance qualities to 
intermix, thereby creating new populations with 
perhaps a broader spectrum and higher frequency 
of resistance (Kennedy & Follett, 1990). 

The distribution patterns revealed in this study 
indicate that many potato beetle infestations may 
be localized along potato field edges and drainage 
ditches. When early season sampling confirms 
that adult infestations are localized in particular 
portions of a field, control tactics might be most 
appropriately directed only at infested areas, 
rather than the entire field. Spot or localized in- 
secticide treatments would limit selection pres- 
sure for resistance by preserving refugia for sus- 
ceptible beetles and natural enemies; they would 
also be less costly than treating entire fields. 

Any strategy to adequately manage beetle 
populations must maintain population densities 
below economically damaging levels and mini- 
mize selection pressure for increased levels of re- 
sistance. Assuming the size of a population in a 
given year is related to the size of the population 
in the previous year, late season spot treatments 
using conventional insecticides might reduce the 
density of overwintering beetles and thereby re- 
duce the density of colonizing adults in the sub- 
sequent spring. Because potato beetle populations 
were concentrated near the edge close to the 
source of invading beetles in rotated potato fields, 
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the possibility exists that acceptable levels of pop- 
ulation reduction could be achieved by concen- 
trating control measures (i.e., chemical controls, 
Bacillus thuringiensis sprays, conventional or 
transgenic resistant plants, use offlamers, etc.) in 
the high risk or locally infested portions of fields. 

Results from this study clearly indicate that 
currently practiced rotation schemes which were 
designed for managing weeds, nematodes, and 
plant pathogens and do not consider distances 
between rotated fields involved in a rotation 
scheme are decidedly inappropriate for managing 
Colorado potato beetle. To be effective, a Colo- 
rado potato beetle management rotation must in- 
volve considerable distance among fields so that 
the current year crop is isolated from the source 
of overwintered beetles. Detailed information re- 
garding precise distances is currently lacking. 
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