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Abstract The potato leafhopper, Empoasca fabae (Harris), is an occasional pest of seedling 
soybean throughout the eastern United States. Economic injury levels (EIL) for E. fabae on 
soybean are not available for all vulnerable soybean stages, nor do they reflect current under-
standings of soybean response to injury or EIL calculation methodology. Damage terms were 
estimated for seedling soybean stages using curve-fitting techniques that consider the vulner-
ability of the expanding leaf tissue of seedling soybean. Yield loss for stage V1 soybean was 
43.58 kg/ha IE. fabae/ plant, for V2 was 20.41 kg/ha IE. fabae/ plant, for V3 was 13.10 kg/ha IE. 
fafrae/plant, and for V4 was 9.55 kg/ha/E. fabae/plant. Economic injury level matrices were 
developed to reflect changing economic conditions and management costs for V1 through V4 
soybean. The EILs are 1.4 to 3.6 E. fabae/plant for V1 soybean, 3.0 to 7.8 E. fabae/plant for V2 
soybean, 4.7 to 12.2 E. fabae/plant for V3 soybean, and 6.5 to 16.7 E. fabae/plant for V4 
soybean. 
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The potato leafhopper, Empoasca fabae (Harris), is a common migratory insect 
found on soybean throughout the eastern United States (Helm et al. 1980). Although 
normally not considered a serious soybean pest (Turnipseed and Kogan 1976, Helm 
et al. 1980, Yeargan et al. 1994), several scenarios can result in E. fabae populations 
reaching damaging levels on seedling soybean. Late-planted soybeans coupled with 
a large migration of E. fabae from the Gulf States can result in economically damaging 
E. fabae populations (Helm et al. 1980). Also, local movement of E. fabae from alfalfa 
into adjacent seedling soybean after first cutting can have the same result (Poston 
and Pedigo 1975). 

Seedling soybean has great compensatory capacity, but when seedling injury 
results in delayed plant growth such that a critical leaf area index is not reached 
before reproductive stages, economic injury can occur (Hunt et al. 1994). Ordinarily, 
pubescence associated with current commercial soybean varieties protects soybean 
from E. fabae injury by interfering with the insect's movement, oviposition, and feed-
ing (Lee et al. 1986, Elden and Lambert 1992). However, seedling soybean consists 
primarily of young and expanding leaf tissue (VC through V4) (Fehr and Caviness 

1 Received 15 February 1999; accepted for publication 12 July 1999. 
2This is Journal Paper no. 12492 of the Nebraska Agric. Res. Div. and Contribution no. 1015 of the Dept. of 
Entomology, Univ. of Nebraska-Lincoln. 
3Dept. of Entomology, 202 Plant Industry Bldg., Univ. of Nebraska-Lincoln, Lincoln, NE, 68583-0816 USA. 
4Dept. of Entomology, Iowa State Univ., Ames, IA, 50011 USA. 

97 

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-07-04 via free access



98 J. Entomol. Sci. Vol. 35, No. 2 (2000) 

1977), and the pubescence is softer, less abundant on unifoliolates, and may be less 
of an impediment to E. fabae than the dense, stiff pubescence present on older, 
hardened-off leaves. The softer pubescence may allow for more efficient E. fabae 
movement, feeding and oviposition and results in seedling stunting, characteristic 
"hopperburn" (leaf chlorosis, deformation, and tissue death along margins), and pos-
sible economic loss. 

Previously, economic injury levels (EIL) for E. fabae on soybean were developed 
by Olgunlana and Pedigo (1974), but these EILs are not appropriate for current use 
and illustrate several problems that exist in the use and past derivation of EILs. This 
is not a reflection on the quality of the research, but rather a consequence of the 
research being over 20 years old. 

First, we now better understand stage-specific soybean response to insect injury 
and recognize that the seedling stage is most vulnerable to economic injury by E. 
fabae. Olgunlana and Pedigo (1974) provide a V1 EIL, but EILs are required for the 
other seedling stages through V4. Until approximately V4, 100% to 50% of the leaf 
tissue is expanding and lacks dense, stiff pubescence, making it vulnerable to injury 
by E. fabae. After V4, the percentage of vulnerable leaf tissue declines because the 
older expanded leaves have hardened-off and have the dense, stiff pubescence that 
is responsible for protecting the plant from E. fabae injury. Also, as previously stated, 
it is during the seedling stage that there exists a possibility of significant E. fabae 
infestation. 

Second, EIL calculation methodology has advanced. The first formula for calcu-
lating EILs (Stone and Pedigo 1972) was published only 2 yrs before Olgunlana and 
Pedigo's (1974) EILs were published. At that time the total number of published 
articles addressing EIL formulation or derivation was fewer than ten (Peterson 1996). 
To be most useful, EIL matrices are required that reflect fluctuating crop value, man-
agement cost, plant growth stage, and can be adjusted when necessary for different 
expected yield. Olgunlana and Pedigo (1974) stress the dynamic nature of the EIL, 
but only present a single management cost-crop value EIL for each of three plant 
stages. This in itself presents another problem of EIL development. Rarely is there 
time, space, or labor available to empirically determine EILs for each plant stage. 
Appropriate methodology for "filling in the spaces" must be developed. Simple linear 
regression of EILs, while suitable in some cases, does not always reflect the true 
damage curve for the plant stages of interest. Knowledge of plant growth and re-
sponse to insect injury can aid in estimating certain portions of this relationship. Also, 
the current EILs are based on experimental yields that are significantly larger than 
typical on-farm yields. This must be taken into consideration when calculating EILs. 

Given the current understanding of soybean response to insect injury, the effects 
of pubescence on E. fabae, seedling vulnerability, and the need for stage-specific 
EILs for seedling soybean, we believe new EILs for E. fabae on seedling soybean are 
warranted. Our objectives, therefore, were to reexamine the results of Olgunlana and 
Pedigo (1974) and (1) more accurately estimate soybean yield loss per E. fabae for 
seedling soybean stages V1 through V4, and (2) develop EIL matrices reflecting 
current crop values and management costs for E. fabae on seedling soybean. 

Materials and Methods 

Caged studies were conducted by Olgunlana and Pedigo in 1971 and 1972 to 
determine EILs for E. fabae on soybean, cv. 'Amsoy' (Olgunlana and Pedigo 1974). 
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Amsoy is a pubescent, indeterminant, short-season soybean variety. The experimen-
tal design was a randomized complete block with three replications. Treatments were 
imposed at three soybean growth stages (V1, R1, and R5). Treatments consisted of 
an uninfested check and three E. fabae infestation levels. Infestation levels (insects/ 
plant) were: V1 - 0, 5, 10, 15; R1 - 0, 40, 80, 120; and R5 - 0, 50, 100, 200. Specific 
research methods are published in Olgunlana and Pedigo (1974). Data from the 1972 
studies (see Olgunlana 1973) were reevaluated. Data from 1971 were incomplete 
because of damage done by severe weather and unavailable. 

Analysis of variance procedures were used to identify significant treatment effects 
(P = 0.05). When treatment effects were significant, regression analyses were used 
to identify significant relationships (P = 0.05). 

Results and Discussion 

Soybean yields were significantly affected by E. fabae injury when infested at 
stages V1, R1, and R5 (Table 1). For each growth stage, the trend was for yield to 
decrease as E. fabae infestation level increased (Fig. 1). The relative vulnerability of 
seedlings (stage V1) is illustrated by the steep slope of the V1 regression and the 
relatively small number of E. fabae required to cause the yield reductions. While 
scenarios for economic E. fabae infestation of seedling soybean exist, it is generally 
believed that economic E. fabae infestations of later vegetative and reproductive 
stages are very unlikely (Olgunlana and Pedigo 1973, Yeargan et al. 1994). There-
fore, we developed EILs for selected seedling stages, V1 through V4. 

Economic injury levels for E. fabae on soybean are expressed in number of E. 
fabae per plant. The general model for the EIL is 

EIL = C/VIDK, [1] 

where EIL = number of injury equivalents per production unit, C = cost of 
management per production unit, V = market value per production unit, I = injury 
units per insect per production unit, D = damage per injury unit, and K = 
proportionate reduction of the insect population (Pedigo et al. 1986). Because 
direct injury is difficult to quantify for sucking insects, D and I can be replaced with 
a single variable, D' (yield loss per insect), to give 

EIL = C/VD'K [2] 

Because of geographic differences, production differences, cultivar differences, 
etc., mean soybean yields vary. In this case, the 1972 control mean yield cited by 
Olgunlana and Pedigo (1974) was significantly higher (4,876.4 kg/ha) than a 5-yr 
Nebraska yield mean (2,313.7 kg/ha). Therefore, yield reductions (g/row-m) were 
converted to percent yield loss, and then expressed as yield loss (kg/ha) based on a 
mean yield of 2,313.7 kg/ha (Fig. 2). The slopes of yield loss (kg/ha) versus E. fabae 
density (E. /abae/plant) regressions give a value for D' for V1, R1, and R5 soybean. 
However, D' values are required for V2, V3, and V4 soybean. To obtain these values, 
V1, R1, and R5 yield loss versus E. fabae density slopes where plotted against time 
(days after VC) (Fig. 3). Empirical data do not exist for the region of interest (V2, V3, 
and V4), so curves were fit (Advanced Graphics Software Inc. 1983) and evaluated 
using current understanding of insect injury to seedling soybean (Hunt et al. 1994) 
and seedling growth (Kumara 1969, Hunt et al. 1995). Seedling soybean leaf tissue 
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Fig. 1. Soybean yield by potato leafhopper density in 1972. Vertical capped lines 
equal standard error. 
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Fig. 2. Soybean yield loss by potato leafhopper density in 1972. 
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Fig. 3. Slopes of potato leafhopper-soybean yield loss relationships by time after 
plant stage VC. Points V1, R1, and R5 are from data. Points V2, V3, and V4 
are derived from the equation. 

consists of 100% expanding tissue during VC. The first fully-expanded leaves (uni-
foliolates) occur at the end of V1. By mid-V2 the unifoliolates are hardened-off, and at 
the end of V2, the first fully-expanded trifoliolate appears. During V2 the fully-
expanded, and subsequently hardened-off, leaves are less susceptible to E. fabae 
injury, so seedlings are expected to become gradually less vulnerable to E. fabae 
injury. A power curve fits the model of vulnerable V1 and partial V2 stages, followed 
by increasingly less vulnerable stages as defined by the presence of fully expanded, 
hardened-off leaves (Fig. 3). The D' values where derived using the Fig. 3 equation 
for V2, V3, and V4 soybean. Yield loss (D') for V1 is 43.58 kg/ha IE. fabae/ plant, for 
V2 is 20.41 kg/ha IE. fabae/ plant, for V3 is 13.10 kg/ha IE. fabae/plant, and for V4 is 
9.55 kg/ha/E. fabae/p\an\. If expected yield is significantly different from 2,313.7 kg/ha 
(34.4 bu/acre), the equation of a power curve fitted to percent yield loss IE. fabae/ plant 
versus time (days after VC, Fig. 3) can be used to obtain damage terms for V2 
through V4 based on percent loss (Advanced Graphics Software Inc. 1983). This 
equation is y = -0.01 + 10.57(x~1 07), where y = percent yield loss IE. /abae/plant and 
x = time (days after VC). 

Stage-specific EILs for seedling soybean expressed in number of E. fabae per 
plant were calculated from equation [2]. Assuming a C of $14.83/ha ($6.00/acre), a V 
of $0.17/kg ($4.50/bu), a K of 1 (100% control), and given D' calculated above, the 
EIL is 2.0 E. fabae/plant for V1 soybean. If infestation occurs at V3, variables C, V, 
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and K remain the same, but D' changes to reflect the decreasing vulnerability of the 
seedling soybean. For a V3 soybean, D' = 13.1 kg/ha/E. febae/plant, and the EIL is 
6.7 E. fabae/plant. 

The economic variables (V and C) will fluctuate with changing economic condi-
tions, insecticide choice, application method, etc., so EIL matrices were developed to 
reflect these changes for V1 through V4 soybean (Table 2). The effect of changing C 
and V is clear from Table 2, where the highest EIL for each stage is approximately 3X 
that of the lowest. The original EIL calculated by Olgunlana and Pedigo (1974) for V1 
soybean is 0.94 E. fabae/plant, which is lower than the EILs calculated in Table 2 for 

Table 2. Economic injury levels (EILs) for potato leafhopper (insects/plant) on 
V1, V2, V3, and V4 soybean.* 

Control cost (C) 
(top = $/acre, bottom = $/hectare) 

Commodity value (V) 

$/bu $/kg 17.30 22.24 27.18 

Stage V1 

4.50 0.17 2.3 3.0 3.6 

5.50 0.20 2.0 2.6 3.1 

6.50 0.24 1.7 2.1 2.6 

7.50 0.28 1.4 1.8 2.2 

Stage V2 

4.50 0.17 5.0 6.4 7.8 

5.50 0.20 4.2 5.5 6.7 

6.50 0.24 3.5 4.5 5.6 

7.50 0.28 3.0 3.9 4.8 

Stage V3 

4.50 0.17 7.8 10.0 12.2 

5.50 0.20 6.6 8.5 10.4 

6.50 0.24 5.5 7.1 8.7 

7.50 0.28 4.7 6.1 7.4 

Stage V4 

4.50 0.17 10.7 13.7 16.7 

5.50 0.20 9.1 11.6 14.2 

6.50 0.24 7.6 9.7 11.9 

7.50 0.28 6.5 8.3 10.2 

* EIL = C/(V*DI*K) where K = 1 and for: V1, Dl = 43.58; V2, Dl = 20.41; V3, Dl = 13.10; V4, Dl = 9.55 (Dl for 
V1 from Fig. 1 and Dl for V2, V3, and V4 from Fig. 2 Equation). For insects/row-foot multiply the EIL by 7.62; 
for insects/row-m multiply the EIL by 25. 
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V1 soybean (1.4 to 3.6 E. fabae/plant). This reflects the difference in both the current 
economic conditions and expected soybean yield under field conditions. Although 
only the V1 EILs are directly derived from empirical data, we believe the curve-fitting 
rationale and resultant EIL matrices for V2 through V4 soybean are sound and pro-
vide better decision-making tools than are currently available. 

Acknowledgments 

We thank S. Spomer and R. Wright (University of Nebraska) for initial reviews of this manu-
script. 

References Cited 

Advanced Graphics Software Inc. 1983. Slide Write Plus, version 3. Encinitas, CA. 
Elden, T. C. and L. Lambert. 1982. Mechanisms of potato leafhopper resistance in soybean 

lines isogenic for pubescent type. Crop Sci. 32: 1187-1191. 
Fehr, W. R. and C. E. Caviness. 1977. Stages of soybean development. Iowa State Univ. 

Coop. Ext. Serv. Spec. Rep.80. 
Helm, C. G., M. Kogan and B. G. Hill. 1980. Sampling leafhoppers in soybean, Pp. 260-282. 

In M. Kogan and D. C. Herzog (eds.), Sampling methods in soybean entomology, Springer-
Verlag, NY. 

Hunt, T. E., L. G. Higley and J. F. Witkowski. 1994. Soybean growth and yield responses to 
simulated bean leaf beetle injury to seedlings. Agron. J. 86: 140-146. 

Hunt, T. E., L. G. Higley and J. F. Witkowski. 1995. Bean leaf beetle injury to seedling soy-
bean: consumption, effects of leaf expansion, and economic injury levels. Agron. J. 87: 
183-188. 

Kumura, A. 1969. Studies on dry matter production in soybean plant: V. Photosynthetic system 
of soybean plant population. Proc. Crop. Sci. Soc. Jpn. 33: 467-472. 

Lee, Y. I., M. Kogan and J. R. Larsen, Jr. 1986. Attachment of the potato leafhopper to 
soybean plant surfaces as affected by morphology of the pretarsus. Entomol. Exp. Appl. 42: 
101-107. 

Olgunlana, M. O. 1973. Bionomics and pest status of the potato leafhopper on soybean in 
central Iowa. Ph.D. Diss., Iowa State Univ., Ames, IA. 

Olgunlana, M. O. and L. P. Pedigo. 1974. Economic injury levels of the potato leafhopper on 
soybeans in Iowa. J. Econ. Entomol. 67: 29-32. 

Pedigo, L. P., S. H. Hutchins and L. G. Higley. 1986. Economic injury levels in theory and 
practice. Annu. Rev. Entomol. 31: 341-368. 

Peterson, R. K. D. 1996. The status of economic-decision-level development, Pp. 151-178. In 
L. G. Higley and L. P. Pedigo (eds.), Economic thresholds for integrated pest management, 
Univ. of Nebraska Press, Lincoln, NE. 

Poston, F. C. and L. P. Pedigo. 1975. Migration of plant bugs and the potato leafhopper in a 
soybean-alfalfa complex. Environ. Entomol. 4: 8-10. 

Stone, J. D. and L. P. Pedigo. 1972. Development and economic injury level of the green 
cloverworm on soybean in Iowa. J. Econ. Ent. 65: 197-201. 

Turnipseed, S. G. and M. Kogan. 1976. Soybean entomology. Annu. Rev. Entomol. 21:247-
282. 

Yeargan, K. V., S. K. Braman and W. E. Barney. 1994. Effects of potato leafhoppers on 
soybean plant growth and yield. J. Kansas Entomol. Soc. 67: 29-36. 

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-07-04 via free access


