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SAMPLING THE POTATO LEAFHOPPER
(HOMOPTERA: CICADELLIDAE) ON ALFALFA

S. M. SmiTH' and C. R. ELLIS
Department of Environmental Biology, University of Guelph, Guelph, Ontario N1G 2W 1

Abstract Proc. ent. Soc. Ont. 113:35-41 (1982)

The sweepnet was more efficient than were panshakes, water traps, sticky traps, 0.09-m?
traps or cone traps for sampling Empoasca fabae (Harris) on alfalfa. Over a 24-hour
period, the greatest numbers of potato leathoppers were collected immediately after
sunset. Costs of sampling for pest management purposes, at a standard error of 25%.
ranged from $3.50 with the sweepnet to $590.00 with the 0.09-m? trap. The intensive
sampling of all fields as a basis for management decisions would not be economically

justified. However, the sweepnet was the most cost effective method for extensive sampling
of alfalfa fields..

Introduction

Alfalta in Ontario, has a diverse insect fauna with the potato leathopper, Empoasca
fabae (Harris), being one of the major pests. Accurate and practical sampling techniques
are necessary for any pest management program, however, the value of forage
necessitates that relatively inexpensive sampling methods be used for management
decisions..

A number of methods for sampling the potato leathopper have been 1nvestigated.
These include: sweepnets (Simonet et al. 1978, 1979; Fleischer et al. 1982); sticky traps
(Pienkowski and Medler 1966); light traps (Decker er al. 1971); emergence traps (Cherry
et al. 1977); absolute D-vac samples (Simonet et al. 1978, 1979; Fleischer et al. 1982);
stem bouquets (Stmonet et a/. 1978); and drop traps (Simonet ez al. 1979; Fleischer et al.
1982). Frequently the populations of leathoppers are low in southern Ontario and the
large number of samples required makes these techniques time-consuming and costly.

A practical method is needed that accurately assesses field populations of potato
leathopper and provides reliable information for management of this species in Ontario.
Research, theretore, was initiated to investigate various potentially usetul sampling
techniques. Presented here, 1s a report on their efficiency, reliability, cost, and some
guidelines for sampling in pest management programs on alfalfa.

Materials and Methods

The study was conducted 1n two fields in southwestern Ontario, one 1n 1979 at
Guelph and one 1n 1980 at Welland. Both fields were second-year stands of Apollo
alfalfa. In 1979, the sampling area was 0.5 ha and was divided into 5 subplots. Samples
from sweepnets, 0.09-m? traps, cone traps, water traps, and sticky traps were taken
randomly within each subplot. Plant height and the time required to take the samples
were recorded when sampling. The following 6 methods were compared weekly from 11

July to 31 August 1979:

Sweepnets. A sweepnet sample consisted of 50 pendulum sweeps taken diagonally across
each subplot with a net 38 cm in diameter. Each sample was sealed in a paper bag and
cooled until the insects were tabulated.

Panshakes. One, 3-stem bouquet of alfalfa was used for each panshake sample with 5
samples per subplot. Stems were selected 1n the field, cut at the base, and shaken into a
white, enamel pan measuring 25 by 40 cm. Counts of sedentary insects in the pan were
recorded in-field.

' Present Address: Faculty of Forestry, University of Toronto, Toronto, Ontario M5S 1A1.
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0.09-m: Traps. Absolute samples were taken with a circular sampler of 0.09 m* (Hower
and Ferguson 1972) fitted with a fine-mesh sleeve. The foliage within the sampler was
sprayed for 15 seconds with Raid® containing pyrethrins (0.25%) and technical
piperonal butoxide (1.25%), cut, and placed in a paper bag. A sample included those
insects 1dentified from this foliage and those recovered from the soil surface in the field.
These samples were taken on the same dates as the sweepnet and panshake samples.

Cone Traps. Four inverted Berlese funnels were placed in each of 4 subplots. On each
weekly sampling date the funnels, each with a base area of 830 cm?, were dropped onto
the chosen sites and sealed at the base with surrounding soil. Strips of polyethylene,
coated with Tangle-Trap®, were placed in 448-ml jars and these jars were then screwed
onto the tops of the tunnels. The strips were collected from the jars the following day.

Sticky Traps. These were yellow boards mounted horizontally, 30 cm high, on stakes.
Three of these traps, each 900 cm?, were placed in each subplot. Sheets of clear
polyethylene coated with Tangle-Trap® were stapled to the top of each board. After 4
days in the field, the sheets were removed. Sampling was done on a weekly basis except
during the harvest period when the béards were removed from the field.

Water Traps. Three yellow, plastic pans, measuring 32 by 26 cm, were placed in each
subplot. These were buried so that their rims were level with the surrounding soil and
were half-filled with a solution of 50:50 ethylene glycol: water. A tablespoon of liquid
detergent was added to each pan to lower the surface tension. The water traps remained
in the field during the same 4-day period as the sticky traps. Insects were netted from the
pans and returned to the laboratory.

Insects from all sampling methods were 1dentified and counted in the laboratory.
These methods were then evaluated by comparing weekly numbers of potato leathoppers
and calculating the precision and cost for each technique. As the distribution of the
leathopper 1n alfalfa samples fitted a negative binomial distribution, the data were
transformed by |x + 0.01 before analysis. Analysis of variance was performed and
where significant F values were obtained, weekly differences were determined by
Duncan’s New Multiple Range Test.

In 1980, sweepnet sampling was investigated to determine the time of day when the
greatest number of leafhoppers could be collected. Samples were collected for a 38-hour
period beginning 27 August when the alfalfa was 15 cm tall. Five sets of 50 pendulum
sweeps were taken hourly by the same individual.

Results and Discussion

Populations did not exceed 9.3 leathoppers per 50-sweep sample or 0.2 per sweep
(Table I). With the exception of the sweepnet, the sticky traps collected significantly
more leathoppers than did the other methods. At the same time, numbers collected in the
0.09-m- traps, the cone traps, and with the panshakes were significantly less. In fact,
fewer than 0.5 leafthoppers per sample unit were collected by these 3 methods throughout
the entire summer. The small sample unit accounted to some extent for these low
numbers. The cone traps sampled only adults whereas the panshakes collected only
nymphs. Comparisons between sweepnets, sticky traps, and water traps were not made
since the conversion to absolute numbers for the latter two required an estimation of the
sampling area, and thus, trap attractiveness (Strickland 1961).

Plant height was a significant factor in determining the number of leathoppers
captured by each method. The 0.09-m* trap, the cone trap, and the panshake method
apparently were unaffected by plant height since populations did not change over time
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whereas in both the sweepnets and sticky traps, leathopper numbers increased
proportionately with alfalfa height. Mean numbers of leathoppers (4.2/sample unit)
collected by the water trap indicated an increased efficiency for this method at lower
plant heights when compared to taller plants on later sampling dates. At lower heights,
insects landing on the surface of the traps would not be obstructed by the foliage as
happened 1n taller stands.

The mean numbers in the sweepnet samples decreased to 1.7 leathoppers/50 sweeps
the week after harvest. This decrease indicated a reduction in efficiency at plant heights
of about 10 cm or less (Southwood 1978). The efficiency of sticky traps, however, was
unaffected by harvest. More E. fabae continued to be collected immediately tollowing
harvest, although a reduction was observed when the alfalta height was approximately
that of the traps (30.4 cm). The nitial, high numbers of 11.4 leathoppers/trap collected
after the harvest probably represented movement into the field from surrounding areas.
Poston and Pedigo (1975) showed the E. fabae dispersed into adjacent fields of alfalta
immediately after cutting.

Southwood (1978) reported that estimates of population density with standard

TABLE I. Number of potato leathopper adults and nymphs collected per sample unit by six
methods during six weekly periods in regrowth alfalfa at Guelph, Ontario, 1979

Mean Number of Potato Leathoppers™®

July August

Sampling
Method N 9-16th 17-24th 1-8th 9-16th 17-24th 25-31st
Sweepnet 6 0.5ab*®t 2.3ab 1.7ab 6.3b 9.3b 6.0b
0.09-m* Trap 12 - 0.0a 0.0a - 0.2a 0.2a
Cone Trap 16 0.3a 0.la 0.3a 0.3a 0.5a 0.2a
Panshake 30 — 0.1a 0.0a 0.0a 0.0a 0.1a
Water Trap 18 0.6ab 0.1a 4.2b 1.2ab 0.3a —
Sticky Trap 18 2.0b 2.0b 11.4¢ 6.4b 16.1b 10.1b
Plant Height
(cm) 30 40 44 10 30 36 49

* Analysis on transformed data;: VX + 0.01.

** Means within a column followed by the same letter are not different (p = 0.05) as determined by
Duncan’s New Multiple Range Test.

TABLE II. Average number of samples required for coefficients of variation of 10, 20 and 30% by
six sampling methods in regrowth alfalfa at Guelph, Ontario, 1979

Mean No. of Sample Units Required

Sampling
Method 10% 20% 30%
Sweepnet 33 8 4
0.09-m* Trap 1875 469 208
Panshake 2769 692 308
Cone Trap 613 153 68
Water Trap 168 42 19
5 3

Sticky Trap 21
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TaBLE III. Comparison of cost, mean relative variation, and relative net precision of six methods
for sampling potato leathoppers in alfalfa at Guelph, Ontario, 1979

Mean No. Collected Cost
Sampling Over Summer (Man-Hours/ e
Method N* (X + SE) Sample) RiVix* RVCs
Sweepnet 36 4.36 0.63 0.17 14.45 0.41
0.09-m* Trap 43 0.08 0.03 0.25 37.50 0.11
Panshake 150 0.05 0.03 0.03 60.00 0.56
Cone Trap 96 0.28 0.16 0.17 21.43 0.28
Water Trap 90 1.29 0.31 0.33 24.03 0.13
Sticky Trap 108 1.99 0.95 0.33 11.89 0.25

* N 1s the number of samples used 1n each comparison (number for the entire summer).
*¥* RV = (SE/X No. Insects) x 100 1s relative variation
*%% Relative net precision where Cs 1s cost in man-hours/sample (Pedigo er al. 1972)

TaBLEIV. Costforsix methods of sampling populations of the potato leathopper at Guelph, Ontario, 1979

No. Samples Required Time to Sample Cost 1n
Sampling Time to Take at C.V.* of 259 1n at C. V.ol Man-Hours/ha
Method Sample (Min.) Area of 0.5 ha 25% (hr/ha) ($3.50/hr)
Sweepnet 10 6 1.00 3.50
0.09-m? 15 339 169.50 293.25
Panshake 2 500 37.00 129.50
Cone Trap 10 L1 33.33 116.66
Water Trap 20 31 20.67 712.35

Sticky Trap 20 4 2.67 9.35

* (C.V. = Coefficient of variation.

errors of 259% or less were sufficient for extensive sampling where rapid estimates were
required. Intensive sampling for detailed ecological studies, however, required a
standard error of 10% or less. Realistic sample sizes, in terms of man-hours for
management decisions, were found only for the sweepnet and sticky trap methods. These
averaged 8 and 5 samples, respectively, over the entire season at a coetficient of variation
of 20% (Table II). The 0.09-m?* trap, cone trap, and panshake method required greater
than 150 samples at the same coefficient of variation,.

Relative variation, R.V. = (SE/X No. Insects) x 100, over the entire summer was
used to compare sampling methods for variability. None of the sampling methods
studied was adequate for intensive studies although all except the 0.09-m* trap and the
panshake method had a sufficiently low relative variation to be reliable for extensive
sampling (Table III). The method with the lowest variability would require tewer
samples to obtain the same information, or would provide more information it the
sample sizes were equal (Pedigo er al. 1972). Thus, the sampling methods in decreasing
order of efficiency based on relative variation are sticky traps, sweepnets, cone traps,
water traps, 0.09-m* traps, and panshakes.

The cost of the sampling methods was dependent on the equipment and the time
involved in collecting and identifying the samples. Rather than comparing the cost
directly, relative net precision (1/RVCs where RV = mean relative variation of
transformed data and Cs = cost in man-hours per sample) as described by Pedigo ez al.
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(1972) was used initially. In terms of cost and variability, the sampling methods are
arranged 1n the following order of decreasing usetulness (Table III): panshakes,
sweepnets, cone traps, sticky traps, water traps, and 0.09-m?* traps. The panshake
method was by far the least expensive since a minimal time of 0.03 man-hours was
required to take each sample. The high relative variation of 60.0 for this method,
however, and the fact that it was only efficient in sampling for nymphs, make direct
comparisons with the other techniques of little value. Hence, in terms of relative net
precision, the sweepnet was superior to the remaining methods and with a cost of
$0.41/sample, had the greatest precision for unit effort.

Extensive sampling costs for the 6 methods are summarized in Table IV. At
$3.50/ha, the sweepnet was the least expensive method for assessing leathoppers in the
field. Kieckhefer and Medler (1964) reported that distinct aggregations of leathoppers
can occur at the margins and hills and ridges of fields. If the area sampled 1s fairly
uniform, an accurate estimate for management of most fields could probably be
obtained with the same number of samples used in 0.5 ha. At the population levels
present 1in 1979 in Guelph, 6 sets of 50 pendulum sweeps would be sufficient for
estimating the numbers of leathoppers. As the average farm in Ontario has from 12 to 30
ha of forage alfalfa, the time required by the grower to take 6 random samples in his fields
would then be approximately 1 hour at a cost of approximately $3.50.

Since the sweepnet method was the most efficient for identifying economic
populations of the leathopper, this method was turther investigated in 1980 to determine
the most efficient time to sample. The numbers of potato leathoppers collected over a
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Fig. 1. Average number of potato leafhoppers collected in 5 samples of 50 pendulum sweeps during a
38-hour period on 27, 28, and 29 August near Welland, Ontario, 1980.
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38-hour period are shown 1n Fig. 1. Average temperatures during the sampling period
ranged from a maximum of 30°C to a minimum of 20°C. No rainfall was reported during
this same period. Generally, 25% more leathoppers were captured during the night than
during the day, with night samples averaging 15 per 50 sweeps and day samples, 11 per 50
sweeps. Distinct peaks in numbers occurred consistently for periods of one to two hours
following each sunset.

Dysart (1962) found that approximately 90% of all flight activity of the leafhopper
took place during the dark hours with 50% of that occurring about 30 minutes after
sunset. In addition, he observed a smaller peak in activity around sunrise and a reduction
in activity under windy conditions. For reasons of convenience, sampling for the potato
leathopper has most often been carried out during daylight hours (Saugstad et al. 1967;
Simonet et al. 1978, 1979). Our studies, however, indicated that greater efficiency in
sampling would be obtained at sunset or during the evening. At this time, fewer samples
would be required for accurate estimates of the population. This would also mean,
however, that with the same degree of injury, a greater number of leathoppers would be
reported and thus, if samples were taken in the evening hours, the present threshold of
one leathopper/sweep would be too low.

Southwood (1978) reported that despite its limitations, the rapid knockdown of
insects with pyrethrum could be a reliable, absolute method for certain species. Based on
this technique with pyrethrum, the 0.09-m? traps were expected to provide an absolute
estimate of leafhopper densities. With populations below 1.8 leafhoppers/m? for the
entire season, the numbers of potato leathoppers were not assessed accurately by this
technique.

Cherry et al. (1977) reported that emergénce traps, similar to the cone trap used
here, when set in place 15 minutes, collected 80% of the actual populations of
leathoppers. Simonet et al. (1979) found this method inefficient and concluded that the
length of time the trap remained in place affected sampling efficiency. The cone traps in
the present study remained in place 24 hours to overcome this difficulty, but they were
still inefficient in sampling for potato leathoppers.

In the present study, the sweepnet was the easiest and most efficient method of
sampling for the leafthopper on alfalfa. It is recognized, however, that this method does
not sample nymphs adequately and a specific method, for example, the panshake
method would also be required for nymphs (Sitmonet e al. 1978). Although the sweepnet
1s widely used to estimate insect populations in field crops (Strickland 1961), its efficiency
1s affected by several factors including temperature, humidity, plant height, and the
individual using the sweepnet (Delong 1932; Southwood 1978; Cothran ez al. 197)5).

Sweepnets are the most practical sampling method for scouts or growers who
require extensive estimates of leathopper populations for pest management purposes.
Potato leafthoppers must be identified in samples containing many species, however, and
unfortunately few growers have the training to do this. If farmers were to use sweepnets
as an aid in making pest management decisions, an extensive program of extension
education would be required. Also, since growers are not restricted by an 8 to S work day,
several thresholds would be needed to account for changes in sampling efficiency during
the evening.

Sampling costs must be considered as part of the costs of any pest management
program. Because alfalfa has a relatively low value, $3.50 for an individual decision using
sweepnet sampling is generally prohibitive. Growers are more likely to become aware of
particular insect problems on regrowth alfalfa through extension personnel, the media or
symptoms seen through superficial inspections. Since sweepnet samples provide the
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cheapest answers and the method 1s simple to use, it would, however, be the most useful
one for those who have to make decisions on particular fields.
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