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HORTICULTURAL ENTOMOLOGY

Response of Potato Tuber Yield to Stem Injury by European Corn
Borer (Lepidoptera: Crambidae) in the Mid-Atlantic United States

BRIAN A. NAULT,1 JOHN SPEESE III, GEORGE G. KENNEDY,2 JAMES LINDUSKA,3

AND GALEN P. DIVELY4

Virginia Polytechnic Institute and State University, Eastern Shore Agricultural Research and Extension Center,
33446 Research Drive, Painter, VA 23420

J. Econ. Entomol. 94(5): 1162Ð1169 (2001)

ABSTRACT The response of potato, Solanum tuberosumL., tuber yield to stem injury byEuropean
corn borer, Ostrinia nubilalis (Hübner), larvae was investigated in the Mid-Atlantic region of the
United States for 3 yr. This response was described for ÔSuperiorÕ, ÔAtlanticÕ, and ÔSnowdenÕ potato,
which are early-season, midseason, and late-season maturing cultivars, respectively. To model the
yield/injury relationship, a range of corn borer injury levels was established in the Þeld by aug-
menting the natural infestation with varying densities of laboratory-reared larvae. Linear and
nonlinear regression analyses (plateau and second-order polynomial models) were used to describe
the relationship betweenyield ofU.S.No. 1 grade tubers and thepercentage of stems injuredby corn
borer larvae. The maturity of the cultivar did not affect the response of potato yield to stem injury.
In nine of 14 experiments, potato toleratedhigh levels of cornborer injury (55Ð90%of stems injured)
without yield loss, suggesting that control of corn borer may not be necessary. Yet, in one of Þve
Superior tests, in two of four Atlantic tests and in two of Þve Snowden tests, corn borer injury
signiÞcantly reduced yield.Of the Þvedata sets inwhich cornborer injury reduced yield, the plateau
modelÞt twodata sets and thequadraticmodelÞt onedata set. In twoof the threecases, thesemodels
accounted for nearly identical amounts of total variation in yield as that accounted for by the linear
model. The linear model Þt four of the Þve data sets, but theR2 values were low for three of the four
tests (0.10, 0.18, and 0.31). The parameter or parameters that interactwith corn borer injury to cause
tuber yield reduction should be identiÞed before economic injury levels and thresholds are devel-
oped.

KEY WORDS Ostrinia nubilalis, potato, yield, economic injury level

EUROPEAN CORN BORER, Ostrinia nubilalis (Hübner),
infestations in Irish potato Þelds, Solanum tuberosum
L., are a major concern to growers in the eastern
United States. Until recently, potato producers in
states other than North Carolina rarely encountered
corn borer damage because infestations were con-
trolled inadvertently by multiple applications of in-
secticides used to manage Colorado potato beetles,
Leptinotarsa decemlineata (Say), potato leafhoppers,
Empoasca fabae, and the aphids, Myzus persicae (Sul-
zer), Aphis gossypii Glover and Macrosiphum euphor-
biae (Thomas). Since 1995, however, these pests have
been managed by a single, in-furrow application of
imidacloprid (Admire 2 F, Bayer, Kansas City, KS).
Because imidacloprid does not have activity against
European corn borer, it is likely that the widespread
use of this product is responsible for more frequent

occurrences of corn borer infestations. The exception
to this is in North Carolina where growers typically
experience moderate to high corn borer infestations.
In North Carolina, leafhopper and aphid infestations
are rare and potato beetle populations are managed
using only 1Ð2 foliar insecticide sprays, which are
frequently timed after applications are made for con-
trolling corn borer. Currently, corn borer infestations
are managed using 1Ð2 insecticide applications during
the initial phase of neonate establishment in the Þrst
half of May.
European corn borer larvae injure potato by boring

in the stems. A single corn borer larva makes an av-
erage of nearly Þve tunnels within the plant during its
development (Nault and Kennedy 1996b). Large lar-
vae typically bore within the base of the plant, often
causing the stems to break. Corn borer larvae also are
capable of spreading the aerial stem rot pathogen,
Erwinia caratovora, as it moves from stem to stem
(Anderson et al. 1981), but the occurrence of this
disease within the past decade has been uncommon
(G.G.K., unpublished data). Research in North Caro-
lina shows that even high infestations of corn borer
have no effect on marketable yield of the cultivars
ÔPungoÕ (Kennedy 1983) and ÔAtlanticÕ (Nault and
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Kennedy 1996a). Similarly, in a one-year study in
which tuber yields were unusually low, no relation-
ship between corn borer injury and yield of ÔSuperiorÕ
was observed (Kennedy 1983).
To date, no information exists on the relationship

between corn borer injury and tuber yield for the
potato cultivars most commonly grown in the Mid-
Atlantic region of the United States, other than At-
lantic, and no data exist for other regions. A majority
of the potato acreage in themid-Atlantic comprises of
Superior, Atlantic. and ÔSnowdenÕ, which are early-
season (85Ð100 d to harvest), mid-season (100Ð110 to
harvest) and late-season (115Ð120 d to harvest) ma-
turing cultivars, respectively. The objective of this
study was to describe the relationship between corn
borer injury and tuber yield for each of these cultivars
in the Mid-Atlantic region of the United States.

Materials and Methods

Experiments were conducted at Virginia Polytech-
nic Institute and State UniversityÕs Eastern Shore Ag-
ricultural Research and Extension Center near
Painter, VA, from 1997 through 1999, University of
MarylandÕs Lower Eastern Shore Agricultural Re-
search andEducationCenter in Salisbury,MD, in 1997
andNorthCarolinaDepartment ofAgricultureÕs Tide-
water Research Station near Roper, NC in 1997. Soil
types at the Virginia, Maryland, and North Carolina
sites were Bojac sandy loam, loamy sand and Ports-
mouth loam soil, respectively. In 1997 and 1998, the
cultivars Superior, Atlantic and Snowden were eval-
uated, whereas in 1999 only Superior and Snowden
were examined. Because we were not interested in
identifyingwhether or not tuber yieldwas affected by
a signiÞcant cultivar � stem injury interaction, exper-
iments for each cultivar were conducted separately.

Yield Experiments. In 1997, size ÔBÕ seed were
planted on 3 April in Virginia, 28 March in Maryland
and 25March in North Carolina. In 1998 and 1999, cut
seed pieces were planted on 2 April and 23 April,
respectively, in Virginia. All cut seed was treated with
maneb (0.04 kg/45.4 kg of seed) and planted either
0.3 m (Atlantic and Superior) or 0.4 m apart (Snow-
den) within rows that were spaced every 0.9 m in
Virginia andNorth Carolina and 1.6m inMaryland. In
1997 and 1998, plots were single rows 9.1-m long,
whereas plots were two rows each 6.1-m long in 1999.
Plots were separated from each other by either one
untreated row in 1997 and 1998 or by three rows (1
untreated and two unplanted) in 1999. In all experi-
ments, there were six target levels of percentage stem
injury by European corn borer (0, 1Ð20, 21Ð40, 41Ð60,
61Ð80, and 81Ð100%). Each of the six treatments was
arranged in a randomized complete block and repli-
cated six times. Procedures used to achieve the levels
of stem injury and harvest plots are described below.
In Virginia, plots received 1121 kg/ha (10:10:10,

N:P:K) at planting and 56 kg/ha of (34:0:0, N:P:K) on
21 May 1998 and 1 June 1999; whereas, plots in Mary-
land received 560 kg/ha of (10:10:10, N:P:K) and
224 kg/ha of (0:0:60,N:P:K) fertilizer on 17March and

219 kg/ha of (25:0:0, N:P:K), 168 kg/ha of (34:0:0,
N:P:K), 112 kg/ha of (34:0:0, N:P:K) and 168 kg/ha of
(34:0:0, N:P:K) on 7 May, 2 and 18 June and 8 July,
respectively. In North Carolina, plots received
785kg/haof (17:17:17,N:P:K) fertilizer atplantingand
224 kg/ha of (34:0:0, N:P:K) on 10 May. Weeds were
controlled inVirginiawith one applicationofmetribu-
zin (0.4 kg [AI]/ha) � metolachlor (1.7 kg [AI]/ha)
on 26 April 1997, 21 April 1998 and 27 April 1999. In
Maryland, weeds were controlled using two applica-
tions of linuron (0.45 kg [AI]/ha) � metolachlor (1.1
kg [AI]/ha) on 6 May and 13 June 1997; whereas, in
North Carolina weeds were managed using one ap-
plication of metribuzin at a rate of 0.8 kg (AI)/ha on
27 March 1997. Foliar diseases were managed in Vir-
ginia using mancozeb at a rate of 1.7 kg (AI)/ha on 24
May and 5 June, and chlorothalonil at a rate of 1.3 kg
(AI)/ha on 18 June 1997; mancozebwas used at a rate
of 1.7 kg (AI)/ha on 2 June 1998 and 3 June 1999. In
Maryland, foliar diseases were managed using chlo-
rothalonil at a rate of 1.3Ð2.5 kg (AI)/ha on 30 May, 6
and18 June, 1, 9, 16, 23 and29 July 1997.Foliar diseases
were managed in North Carolina using chlorothalonil
at a rate of 1.3 kg (AI)/ha on 2, 9, 16, 23 and 30 May
and 6 and 13 June 1997.
Colorado potato beetle, Leptinotarsa decemlineata

(Say), infestationswere controlled using imidacloprid
(Admire 2 F [ßowable], 0.2Ð0.3 kg [AI]/ha, Bayer)
either at planting at all sites in 1997 or by foliar sprays
in late May 1999 (Provado 1.6 F [ßowable], 0.05 kg
[AI]/ha,Bayer);whereas,Bacillus thuringiensis subsp.
tenebrionis (Novodor [ßowable], 4.67 liters of prod-
uct/ha, Abbott Laboratories, North Chicago, IL) was
used in lateMay in 1998. Potato leafhopper, Empoasca
fabae (Harris), was controlled by imidacloprid at all
sites in June 1997 and dimethoate (Dimethoate 4 EC
[emulsiÞable concentrate], 0.56 kg [AI]/ha, Helena,
Memphis, TN) in June 1998 and 1999. These products
had no adverse affect on the timing or level of stem
injury by European corn borer.

Stem Injury and Harvest Procedures. The target
levels of stem injury by corn borers were achieved by
using insecticides to suppress natural infestations in
someplots and by augmenting the natural populations
in other plots with laboratory-reared larvae. Two to
three insecticide applications were used to protect
plants from corn borer establishment in the 0% injury
treatment,whereas the 1Ð20, 21Ð40, 41Ð60, 61Ð80, and
81Ð100% injury treatments were augmented with lar-
vae at densities of 0, 0.1Ð0.5, 0.7Ð1, 2Ð3 and 4Ð8 per
plant, respectively. Lab-reared larvae were late-sec-
ond to early-third instars at the time of infestation,
which coincided with a preponderance of the same
instars from the natural population in untreated plots.
The dates and phenological stages of the potato crop
at the time of each augmentation event are summa-
rized in Table 1. SigniÞcant tunneling within stems
was evident within 1 to 2 d after infestation. Lab-
reared larvae were obtained from Lee French Agri-
cultural Research in Lamberton, MN. Plots protected
from corn borer injury received applications of either
methamidophos (Monitor 4 EC [emulsiÞable concen-
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trate], 1.1 kg [AI]/ha, Valent, Walnut Creek, CA) or
encapsulated methyl parathion (Penncap-M [ßow-
able], 1.1 kg [AI]/ha, Elf Atochem, Philadelphia, PA)
during the last half of May through early June. Meth-
amidophos was used in 1997 and 1998 and methyl
parathion was used in 1999. In Virginia, applications
were made using a propaneÐpressurized, backpack
sprayerconnected toa single-rowboomthathad three
hollow-cone nozzles calibrated to deliver 272 liters of
solution per ha at 276 kPa. CO2 was used rather than
propane in North Carolina. In Maryland, applications
were made using a tractor-mounted, compressed air
sprayer equipped with six hollow-cone nozzles cali-
brated to deliver 831 liters/ha of solution at 207 kPa.
The Þnal levels of stem injury by corn borer were

determined after the Þrst-generation had been com-
pleted,which typically occurred before the last half of
June. Forty stems per plot were randomly chosen and
the number of corn borer entry/exit holes per stem
was recorded on 26 June 1997, 24 June 1998 and 1 July
1999 in Virginia, 3 July 1997 in Maryland and 17 June
1997 in North Carolina. Minor tunneling in leaf pet-
ioles, primarily by small larvae, was ignored. Plots
were harvested with a one-row digger, and tubers
were graded as either U.S. No. 1 (Chef, Large A and
Small A combined) or No. 2 (B). In Virginia, Superior
potatoes were harvested on 10 July 1997, 8 July 1998
and 19 July 1999; Atlantic potatoes were harvested on
17 July 1997 and 8 July 1998; and Snowden potatoes
were harvested on 22 July 1997, 16 July 1998 and 28
July 1999. In Maryland, Superior, Atlantic and Snow-
den potatoes were harvested on 29 July, 31 July and 8
August 1997, respectively. In North Carolina, all cul-
tivars were harvested on 7 July 1997. All rotted tubers,
which were uncommon, were culled during grading.

Statistical Analyses. Data in all experiments were
subjected to analysis of variance (ANOVA) using a
general linear model (PROCGLM) to identify signif-
icant treatment effects (P � 0.05) (SAS Institute
1990). Sequential sums of squares (type I) were used
to test linear and quadratic terms. If the independent
variable (i.e., percentage stem injury) for a data set
was signiÞcant (P � 0.05), regression analyses, which
included a plateau model (PROCNLIN) and second-
order polynomial model (PROC REG), and a simple

linear model (PROC REG), were used to identify the
relationship between tuber yield and stem injury.

Results

The associations between marketable tuber yield
(U.S. No. 1 � U.S. No. 2) and stems injured by Eu-
ropean corn borer were statistically similar to those
between U.S. No. 1 tuber yield and injured stems
(Table 2). Similarly, the relationships between U.S.
No. 1 tuber yield and the number of entry/exit holes
per stem did not differ from those between U.S. No. 1
tuber yield and percentage of injured stems. There-
fore, only the relationships between U.S. No. 1 tuber
yield and the percentage of injured stems will be
discussed.
Stem injury by European corn borer signiÞcantly

reduced yields of U.S. No. 1 grade Superior tubers in
only one of Þve studies (Table 2; Figs. 1 and 2), the
1998 experiment in Virginia (Fig. 1B). Although the
effect that stem injury had on U.S. No. 1 tuber yield
approached signiÞcance in the 1999 experiment, the
relationship between percentage of injured stems and
yield was positive, y � 20.0 � 0.09x, R2 � 0.06. In the
1998 experiment, severe injury to the crop began late
in the season when the crop was in postbloom (Table
1). The relationship between stem injury and yield in
1998 was described using a plateau model, indicating
that Superior potato could tolerate up to 7% stem
injury without yield loss (Fig. 1B). However, the 95%
CI for this level of stem injury were large (�inÞnity),
indicating that this estimate is unreliable and of lim-
itedvalue.The linearmodelÞt thedata andhada slope
of Ð0.12 metric tons/ha per percentage of injured
stems (Fig. 1B). The linear and plateau models ac-
counted for the same proportion of total variation in
yield, which was 31%, indicating that neither relation-
ship was a strong one.
Injury to stems by corn borers signiÞcantly reduced

U.S. No. 1 Atlantic tuber yields in two of four studies
(Table 2; Figs. 3 and 4), the 1997 experiments in
Maryland and North Carolina (Fig. 4 A and B). In
these tests, stems became injured during bloom and
postbloom, respectively.Only a linearmodel provided
a signiÞcant Þt of these data and had slopes of Ð0.09
and Ð0.05 metric tons/ha per percentage of injured
stems in Maryland and North Carolina, respectively.
This model accounted for only 18 and 10% of the total
variation in yield for theMaryland andNorthCarolina
experiments, respectively, indicating that the linear
relationships were very weak.
Corn borer injury signiÞcantly reduced U.S. No. 1

grade Snowden tuber yield in two of Þve studies (Ta-
ble 2; Figs. 5 and 6), the 1998 experiment in Virginia
(Fig. 5B) and the 1997 experiment in Maryland (Fig.
6A). In both experiments, feeding injury began during
prebloom. In the 1998 experiment inVirginia, only the
plateau model described the relationship between
U.S. No. 1 yield and percentage of injured stems,
indicating that Snowden potato could tolerate up to
40.3% stem injury without yield loss (Fig. 5B). How-
ever, the 95%CI for this level of stem injurywere large

Table 1. Dates and phenological stages of Superior, Atlantic,
and Snowden potato at which time third-instar European corn borer
larvae were introduced into small field plots to augment the natural
population

Location Date

Phenological Stage

Superior
(early
season)

Atlantic
(midseason)

Snowden
(late

season)

Virginia 16 June 1997 Post-bloom Post-bloom Bloom
2 June 1998 Post-bloom Bloom Pre-bloom
10 June 1999 Bloom Ñ Pre-bloom

Maryland 13 June 1997 Post-bloom Bloom Pre-bloom
North Carolina 5 June 1997 Post-bloom Post-bloom Bloom

Studies were conducted near Painter, Virginia, in Salisbury, MD,
and near Roper, NC.
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Table 2. Significance of percentage of stems injured (linear and quadratic) by European corn borer larvae on Superior, Atlantic, and
Snowden potato tuber yields in 1997, 1998, and 1999

Sources of variation
U.S. no. 1 yielda Marketable yield

df MS F P MS F P

1997 Superior yield experiment, Virginia

Replication 5 3.80 0.60 0.6971 3.16 0.49 0.7831
Injured stems (linear) 1 9.58 1.52 0.2274 6.33 0.98 0.3319
Injured stems � injured stems (quadratic) 1 20.11 3.20 0.0846 14.51 2.23 0.1462

1998 Superior yield experiment, Virginia

Replication 5 6.41 0.78 0.5718 3.06 0.37 0.8642
Injured stems (linear) 1 115.67 14.11 0.0008 85.59 10.38 0.0033
Injured stems � injured stems (quadratic) 1 15.60 1.90 0.1790 14.37 1.74 0.1978

1999 Superior yield experiment, Virginia

Replication 5 95.40 6.11 0.0006 117.86 6.91 0.0003
Injured stems (linear) 1 50.84 3.26 0.0819 75.86 4.45 0.0441
Injured stems � injured stems (quadratic) 1 3.02 0.19 0.6635 1.81 0.11 0.7471

1997 Superior yield experiment, Maryland

Replication 5 89.66 4.97 0.0022 113.08 5.32 0.0015
Injured stems (linear) 1 1.22 0.07 0.7971 0.16 0.01 0.9309
Injured stems � injured stems (quadratic) 1 13.95 0.77 0.3869 20.40 0.96 0.3356

1997 Superior yield experiment, North Carolina

Replication 5 30.95 3.52 0.0135 14.66 2.68 0.0423
Injured stems (linear) 1 8.40 0.96 0.3365 0.62 0.11 0.7399
Injured stems � injured stems (quadratic) 1 0.00 0.00 0.9821 0.00 0.00 0.9877

1997 Atlantic yield experiment, Virginia

Replication 5 6.03 0.65 0.6640 6.73 0.73 0.6073
Injured stems (linear) 1 2.90 0.31 0.5804 4.34 0.47 0.4985
Injured stems � injured stems (quadratic) 1 0.76 0.08 0.7767 1.25 0.14 0.7152

1998 Atlantic yield experiment, Virginia

Replication 5 26.59 2.03 0.1056 38.18 2.89 0.0316
Injured stems (linear) 1 24.71 1.88 0.1809 31.65 2.40 0.1329
Injured stems � injured stems (quadratic) 1 12.94 0.99 0.3293 16.31 1.23 0.2759

1997 Atlantic yield experiment, Maryland

Replication 5 171.83 21.13 0.0001 165.27 21.28 0.0001
Injured stems (linear) 1 265.42 32.65 0.0001 214.85 27.66 0.0001
Injured stems � injured stems (quadratic) 1 7.40 0.91 0.3481 4.16 0.54 0.4705

1997 Atlantic yield experiment, North Carolina

Replication 5 17.17 1.73 0.1599 19.34 2.11 0.0942
Injured stems (linear) 1 60.74 6.13 0.0196 70.65 7.69 0.0097
Injured stems � injured stems (quadratic) 1 0.99 0.10 0.7543 2.02 0.22 0.6430

1997 Snowden yield experiment, Virginia

Replication 5 5.62 1.04 0.4117 4.02 0.63 0.6777
Injured stems (linear) 1 6.09 1.13 0.2964 9.33 1.46 0.2364
Injured stems � injured stems (quadratic) 1 0.91 0.17 0.6844 3.96 0.62 0.4367

1998 Snowden yield experiment, Virginia

Replication 5 20.01 1.52 0.2166 23.89 1.90 0.1268
Injured stems (linear) 1 89.23 6.76 0.0147 60.66 4.82 0.0367
Injured stems � injured stems (quadratic) 1 17.56 1.33 0.2584 25.78 2.05 0.1637

1999 Snowden yield experiment, Virginia

Replication 5 24.38 3.43 0.0152 26.63 4.00 0.0073
Injured stems (linear) 1 1.42 0.20 0.6583 0.82 0.12 0.7282
Injured stems � injured stems (quadratic) 1 16.68 2.35 0.1367 8.21 1.23 0.2761

1997 Snowden yield experiment, Maryland

Replication 5 37.57 6.46 0.0004 27.44 5.08 0.0019
Injured stems (linear) 1 600.44 103.27 0.0001 431.66 79.91 0.0001
Injured stems � injured stems (quadratic) 1 45.30 7.79 0.0093 28.49 5.27 0.0293

1997 Snowden yield experiment, North Carolina

Replication 5 26.46 3.28 0.0188 31.85 4.12 0.0062
Injured stems (linear) 1 20.85 2.58 0.1193 16.71 2.16 0.1526
Injured stems � injured stems (quadratic) 1 4.56 0.56 0.4587 0.61 0.08 0.7799

a Mean square errors (�MSE degrees of freedom) for Superior yield of U.S. no. 1 and marketable tubers were as follows: 1997 (VA) 6.29
(28) and 6.5 (28); 1998 (VA) 8.2 (27) and 8.24 (27); 1999 (VA) 15.61 (28) and 17.06 (28); 1997 (MD) 18.05 (28) and 21.25 (28); 1997 (NC)
8.79 (28) and 5.47 (28), respectively. MSE (�degrees of freedom) for Atlantic yield of U.S. No. 1 and marketable tubers were as follows: 1997
(VA) 9.28 (28) and 9.23 (28); 1998 (VA) 13.12 (28) and 13.21 (28); 1997 (MD) 8.13 (28) and 7.77 (28); 1997 (NC) 9.91 (28) and 9.18 (28),
respectively. MSE (�degrees of freedom) for Snowden yield of U.S. No. 1 and marketable tubers were as follows: 1997 (VA) 5.38 (28) and
6.37 (28); 1998 (VA) 13.18 (28) and 12.63 (28); 1999 (VA) 7.10 (28) and 6.65 (28); 1997 (MD) 5.81 (28) and 5.40 (28); 1997 (NC) 8.08 (28)
and 7.73 (28), respectively.



(�17.5) and the model only accounted for 4% of the
total variation in yield, indicating that this estimate is
not too valuable. In the 1997 experiment in Maryland,
a second-order polynomial model and a linear model
described the relationship between U.S. No. 1 yield
and percentage of injured stems. The slopes of these
models were 0.02x Ð0.001x2 and Ð0.11x, respectively,
where the unit of measurement is represented asmet-
ric tons/ha per percentage of stems injured. Both
models accounted for a signiÞcant percentage of the
total variation in yield (68 and 64% for the quadratic
and linear model, respectively).

Discussion

PotatoÕs response to stem injurywas similar for each
cultivar. Potato tolerated high levels of stem injury by
European corn borer larvae without loss in yield in
most experiments. Innineof 14experiments, Superior,
Atlantic and Snowden withstood the maximum stem
injury levels that occurred in our study (�55Ð90%
[four of Þve data sets], �50Ð70% [two of four data
sets], and �55% [three of Þve data sets] of the stems
being injured, respectively). These results are similar
to those reported byNault andKennedy (1996a),who
showed that Atlantic potato grown in North Carolina
could tolerate up to 100% stem injury by corn borer
without loss in yield of U.S. No. 1 grade tubers. Injury
to Atlantic potato began during late bloom to early
postbloom in their study. Inmost years inNorthCaro-
lina commercial potato Þelds, the percentage of stems
injured by corn borer by the end of the season is
unlikely to exceed 50% (Nault and Kennedy 1996c).
Thus, potatoÕs frequent ability to tolerate levels of
stem injury above 50% coupled with the likelihood
that Þelds would not exceed this level suggests that
corn borer control in potato would be rarely needed.
In Þve of our 14 experiments, however, corn borer

injury was shown to negatively affect tuber yield. The
plateau model Þt two of the Þve data sets and the
second-order polynomial model Þt only one of Þve
data sets in which corn borer injury reduced tuber
yield. In four of the Þve cases, these nonlinear regres-
sion models provided little to no improvement over

Fig. 1. Relationship between yield of U. S. No. 1 grade
Superior tubers and potato stems injured by European corn
borer larvae in (A) 1997, (B) 1998 and (C) 1999 near Painter,
VA. Only yield in B signiÞcantly declined as the percentage
of injured stems increased (F � 14.51; df� 1, 33; P � 0.0006).
Both linear (Ñ) and nonlinear regression analyses (- -)were
used to describe this relationship, y � 24.97Ð0.12x (R2 � 0.31;
SE of slope � 0.03), and y � 24.13 if x is �7.0, or y �
24.97Ð0.12x (R2 � 31; SE of slope � 0.03) if x is �7.0, re-
spectively. No relationship (P � 0.05)was detected between
yield and stem injury within the range of data presented in
1997 and 1999 (both 0Ð55% injured stems).

Fig. 2. Lack of association (P � 0.05) between yield of
U. S. No. 1 grade Superior tubers and potato stems injured by
European corn borer larvae within the range of data pre-
sented in (A) Salisbury, MD (0Ð90% injured stems), and in
(B) near Roper, NC (0Ð70% injured stems).
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the linear model because they accounted for nearly
identical amounts of total variation in yield. The linear
model Þt four of the Þve data sets, but the R2 values
were lowfor threeof the four tests (0.1, 0.18, and0.31).
Tuber yield potentials, estimated as the average or

predicted yield in the absence of injury, were similar
between the Þve experiments in which corn borer
injury reduced yield and those inwhich injury did not
reduce yield (see Figures). For example, estimated
yield potentials in the 1997 and 1998 Superior tests in
Virginia were 26 and 25 metric tons/ha, respectively,
but yield loss occurred only in the 1998 test. Estimated
yield potentials in the 1997 Atlantic experiments in
Maryland and North Carolina were 36 and 24 metric
tons/ha, respectively, which were similar to those in
the 1997 and 1998Atlantic experiments in Virginia (29
metric tons/ha and 34 metric tons/ha, respectively).
Atlantic yield loss occurred only in the Maryland and
North Carolina experiments. Estimated Snowden
yield potentials in the 1997 test in Maryland and the
1998 test in Virginia were 26 and 35 metric tons/ha,
respectively, whereas the estimated yield potential of
Snowden in the other experiments were similar
(range, from 14Ð34 metric tons/ha in the 1997 and
1999 Virginia experiments, respectively). Snowden
yield loss occurred only in the 1997Maryland test and
the 1998 Virginia test. Because no differences in yield
potential existed between the experiments in which
cornborer injury signiÞcantly reduced tuberyield and
those in which it did not, a parameter or several pa-

rameters likely exist that interact with corn borer
injury to cause yield reductions.
Potato stems injured by European corn borers pro-

vide invasion sites for the bacterial aerial stem rot and
blackleg pathogens, Erwinia carotovora subsp. caroto-
vora (Jones) Dye and E. carotovora subsp. atroseptica
(Van Hall) Dye, which have been shown to reduce
tuber yield (Anderson et al. 1981, Kennedy 1983).
Although there are multiple factors that affect the
incidence of aerial stem rot and blackleg (Gudmestad
and Secor 1993), aweak positive relationship between
cornborer damage and the incidence of these diseases
has been reported (Kennedy 1983). In the Þve exper-
iments in which corn borer injurywas shown to affect
yield, virtually no aerial stem rot or blackleg infected
stems were observed.
There was no indication that a difference in either

temperature or rainfall between the time stems be-
came injured by corn borers and harvest was respon-
sible for interactingwith injury to reduce tuber yields.
For example in Virginia, average temperatures and
total rainfall from the onset of injury through harvest
ofSuperior andSnowdenpotatoeswere similar in1998
and 1999, but yield loss was observed only in the 1998
tests (average temperature in 1998 and 1999: 23.7 �
0.5�C and 23.9 � 0.7�C, respectively; total rainfall in-
cluding irrigation in 1998 and 1999: 15.5 cm and 13.5

Fig. 3. Lack of relationship (P � 0.05) between yield of
U. S.No. 1 gradeAtlantic tubers and stem injurybyEuropean
corn borer larvae within the range of data presented in (A)
1997 (0Ð50% injured stems) and in (B) 1998 (10Ð70% injured
stems) near Painter, VA.

Fig. 4. Correlation between yield of U. S. No. 1 grade
Atlantic tubers and stems injured by European corn borer
larvae in (A)Salisbury,MD, and in(B)nearRoper,NC.Only
linear (Ñ) regression analysis described the relationship.
Yield decreased signiÞcantly as the percentage of injured
stems increased in A (F � 7.32; df � 1, 34; P � 0.0106), y �
36.12Ð0.09x (R2 � 0.18; SE of slope � 0.03), and approached
signiÞcance in B (F � 3.88; df � 1, 34; P � 0.0572), y �
23.67Ð0.05x (R2 � 0.10; SE of slope � 0.03).
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cm, respectively). No weather data were available at
the Maryland or North Carolina sites for making sim-
ilar comparisons; however, weather conditions were
similar throughout the Mid-Atlantic region in 1997.
Tuber yield losses were observed in Atlantic potato in
Maryland and North Carolina, but not in Virginia.
Similarly, yield loss was observed in Snowden potato
in Maryland and Virginia, but not in North Carolina.
The response of potato to defoliation varies con-

siderably with the phenological stage of the crop.
Potato is more tolerant of defoliation very early and
late in the season (Hare 1980 and Zehnder and Eva-
nylo 1989) than it is during bloom (Cranshaw and
Radcliffe 1980, Ferro et al. 1983, Shields and Wyman

1984, Dripps and Smilowitz 1989). Perhaps, potato
tuber yield responds to stem injury in a similarmanner
(i.e., a phenological stage � corn borer injury inter-
action). For each potato cultivar in our study, the
phenological stage at which time signiÞcant injury
began was similar across years and locations (see Ta-
ble 1). Because tuber yield reductions occurred in
some years and not in others, phenology was not an
important factor affecting tuber yields, at least within
the range of phenological stages examined in this
study. The parameter or parameters that interact with
corn borer injury to reduce potato yield need to be
identiÞed and then modeled for use in developing
economic injury levels and thresholds.
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Fig. 5. Relationship between yield of U. S. No. 1 grade
Snowden tubers and potato stems injured by European corn
borer larvae in(A)1997, (B)1998, and(C)1999nearPainter,
VA. Only yield in B was affected by the percentage of corn
borer injured stems and only a nonlinear regression analysis
(- -) signiÞcantly described this relationship, y � 34.55 if x is
�40.3% injured stems or y � 45.21Ð0.26x (R2 � 04; SE of
slope � 0.34) if x is �40.3% injured stems. No relationship
(P � 0.05) was detected between yield and stem injury
within the range of data presented in 1997 and 1999 (both
0Ð55% injured stems).

Fig. 6. Relationship between yield of U. S. No. 1 grade
Snowden tubers and stems injured by European corn borer
larvae in (A) Salisbury, MD, and in (B) Roper, NC. Only
tuber yield in A declined as stem injury increased (F � 60.74;
df � 1, 34; P � 0.0001). Nonlinear (Ñ) regression analysis
described the relationship as a second-order polynomial, y �
24.71�0.02xÐ0.001x2(R2�0.68; SEof slope�0.07and0.001,
respectively); whereas, linear (Ñ) regression described the
relationshipasy�25.94Ð0.11x(R2�0.64; SEof slope�0.01).
No association (P � 0.05) between yield and stem injurywas
found inBwithin the range of data presented (0Ð55% injured
stems).
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