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F1024 (Reg. No. GP-272, PI 658654), a sugarbeet (Beta 
vulgaris L.) germplasm with resistance to sugarbeet root 

maggot (Tetanops myopaeformis von Röder), was released by 
the USDA-ARS and the North Dakota Agricultural Experi-
ment Station, North Dakota State University, Fargo, ND 
on 15 Dec. 2009. F1024 will expedite the incorporation of 
resistance to sugarbeet root maggot into elite populations 
and the subsequent production of resistant hybrids that 
are adapted to areas where the root maggot is a relentless 
pest. One advantage of F1024 over previously released root 
maggot–resistant germplasm is its improved resistance to 
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Cercospora leaf spot (CLS; caused by Cercospora beticola 
Sacc.), a destructive foliar disease of sugarbeet that occurs 
in many production areas (Jacobsen and Franc, 2009).

Sugarbeet root maggot is a major insect pest of sugarbeet 
in the central and intermountain regions of the USA and 
in Alberta, Canada. Adult flies emerge from previous year’s 
sugarbeet fields in the late spring or early summer and 
deposit eggs at the base of sugarbeet seedlings. The result-
ing larvae feed on the root surface until late July or early 
August. Reductions in yield (Campbell et al., 1998) may 
be the result of stand loss early in the season, but damage 
occurs primarily from larvae feeding throughout the grow-
ing season. The larvae overwinter in the soil, migrate to 
near the surface in late spring, and form pupae just below 
the surface for a short time before the adults emerge (Hein 
et al., 2009).

Genetic variability for resistance to the root maggot has 
been recognized since the early 1980s (Theurer et al., 1982; 
Campbell, 2005), but only two root maggot–resistant germ-
plasm lines, F1015 (PI 605413) and F1016 (PI 608437), have 
been available to the public (Campbell et al., 2000). In a 
seedling bioassay (Smigocki et al., 2006), second-instar root 
maggot larvae feeding on the roots of susceptible 3-wk-old 
seedlings were more prominent than on resistant seedlings. 
Analysis of root maggot–responsive genes in F1016 yielded 
more than 150 genes, among them a serine protease inhibi-
tor with a potential function in the mechanism of resis-
tance (Puthoff and Smigocki, 2006). Serine proteases have 
a functional role in the gut of root maggot larvae (Wilhite 
et al., 2000).

Published in the Journal of Plant Registrations 5:1–7 (2011). 
doi: 10.3198/jpr2010.05.0290crg
Published online 14 Feb. 2011. 
© Crop Science Society of America 
5585 Guilford Rd., Madison, WI 53711 USA
All rights reserved. No part of this periodical may be reproduced or trans mitted 
in any form or by any means, electronic or mechanical, including photocopying, 
recording, or any information storage and retrieval system, without permission in 
writing from the publisher. Permission for printing and for reprinting the material 
contained herein has been obtained by the publisher.

ABSTRACT
F1024 (Reg. No. GP-272, PI 658654) sugarbeet (Beta vulgaris L.) germplasm with resistance to sugarbeet root maggot 
(Tetanops myopaeformis von Röder) was released by the USDA-ARS and the North Dakota Agricultural Experiment 
Station, North Dakota State University, Fargo, ND on 15 Dec. 2009. F1024 was selected from a population formed by 
crossing F1016, a germplasm line resistant to root maggot, with a breeding line resistant to Cercospora leaf spot (CLS; 
caused by Cercospora beticola Sacc.). The population was subjected to three cycles of mass selection for resistance 
to root maggot followed by three cycles of selection among half-sib families. Under natural root maggot infestations, 
F1024 had a damage rating of 2.1 (on a scale of 1 to 9, where 0 = no maggot feeding, and 9 = >75% of root surface with 
feeding scars), compared with an average of 6.1 for two susceptible commercial hybrids. In a 2009 CLS evaluation, F1024 
had a significantly lower disease rating than the susceptible check, and the difference between F1024 and the resistant 
checks was not significant. The performance of testcross hybrids between the component half-sib families of F1024 and a 
susceptible cytoplasmic-male-sterile line provided additional validation of the potential of root maggot–resistant hybrids 
in areas where root maggot is a perpetual threat.



g e rm p l a sm2 Journal of Plant Registrations, Vol. 5, No. 2, May 2011

In a trial comparing four experimental hybrids with 
root maggot–resistant pollinators and two susceptible 
hybrids with and without applied insecticide at sites with 
substantial root maggot populations, hybrids with the 
maggot-resistant pollinators and no insecticides applied 
had root yields equal to those of the root maggot–suscepti-
ble hybrids with insecticide applied (Campbell et al., 2008). 
Another trial comparing four hybrids with F1015, a root 
maggot–resistant germplasm, as the pollinator and suscep-
tible cytoplasmic-male-sterile (CMS) females also indicated 
that hybrids with a resistant pollinator would have substan-
tial resistance to the root maggot (Campbell and Niehaus, 
2008). These two studies encompassed six environments, 
four maggot-resistant pollinators, and five elite female 
(CMS) parental lines.

Methods
F1024 was selected from a population formed by crossing 
F1016, a line with green hypocotyls, and 19961009H2, a 
breeding line developed by the USDA-ARS, Fort Col-
lins, CO. The population was formed by allowing plants 
of F1016 and 19961009H2 plants with red hypocotyls to 
randomly interpollinate. Seed was harvested from only the 
F1016 plants. Forty-nine F1 progeny with red hypocotyls 
were harvested to provide seed for the F2 generation; plants 
with green hypocotyls were rogued as seedlings.

F1016 is a multigerm, diploid line selected almost exclu-
sively for resistance to sugarbeet root maggot (Campbell et 
al., 2000). 19961009H2 is the F1 hybrid of FC709–2 × FC907 
(Panella et al., 2008). FC709–2 (PI 599668) is a multigerm 
germplasm with excellent resistance to Rhizoctonia root 
rot (caused by Rhizoctonia solani J.G. Kühn) and moder-
ate resistance to CLS (Panella, 1999). FC907 is a (FC701 [PI 
590661] × FC607 [PI 590837]) BC4 backcrossed to FC607 to 
enhance the resistance to CLS (Hecker and Gaskill, 1972; 
Smith and Ruppel, 1980). FC907 was an attempt to create a 
multigerm pollinator with resistance to CLS but was never 
released. It had substantial resistance to CLS but little resis-
tance to Rhizoctonia root rot; moreover, it was more than 
90% monogerm.

Between 2000 and 2003, the population from which 
F1024 was selected was subjected to three cycles of mass 
selection. All evaluations were based on natural infesta-
tions of sugarbeet root maggot. For each cycle, approxi-
mately 1000 plants were dug by hand and washed. Between 
50 and 68 plants with the least amount of visible sugarbeet 
root maggot damage were selected and allowed to interpol-
linate to produce seed for the next selection cycle. Fanged 
roots or roots with severed taproots were discarded; all 
selected roots had well-developed taproots with a minimal 
amount of maggot scaring at all depths.

Plants from the third selection cycle were compared 
with the susceptible parent (19961009H2) via an in vitro 
seedling bioassay (Smigocki et al., 2006). Three-week-old 
seedlings were washed to remove residual soil and gently 
blotted to remove excess water. Five to 10 seedlings were 
placed in a 150- × 15-mm Petri plate and kept moist by add-
ing water directly to the plates, or alternatively, seedlings 
were placed on wet nylon membranes. Twenty second-

instar larvae were placed in a clump on the roots, and the 
plates were sealed with paraffin and incubated at 25°C in 
the dark. Dispersion of the larvae was observed 4 h later.

Selected plants from the third cycle were harvested indi-
vidually, and seed from each plant was increased as a half-
sib family. Forty-eight half-sib families were evaluated in 
2005 and 14 were selected for a second cycle of selection in 
2007. Ten of the 14 families were evaluated again in 2008 
and eight of the ten were selected. Selected plants from 
these eight families were allowed to interpollinate, and an 
equal amount of seed from each of the eight lines was com-
bined to form the original seed of F1024.

Half-sib families were evaluated for root maggot resis-
tance in replicated field trials near St. Thomas, ND. Plots 
were two rows wide and 9 m long. In each of two replicates, 
five consecutive roots from the center of each row were 
hand dug, washed, and rated on a scale of 0 (no damage) to 
9 (more than 0.75% of the root surface blackened by scars) 
for root maggot damage (Campbell, 2005), and families 
with relatively low damage ratings were identified. Twelve 
to 27 plants from families with relatively low damage rat-
ings were selected from a third replicate to produce seed 
for the next cycle. All of the plants from the selected fami-
lies, except those on the ends of the rows, were hand dug 
and washed. Roots with well-developed single taproots and 
the least amount of root maggot damage were selected for 
advancement. The 2007 evaluations were confounded by 
moderate wireworm (Hemicrepidius memnonius and Limo-
nius spp.) feeding, making root maggot damage assessment 
more subjective than in 2005 and 2008.

Root yield and sucrose concentration of the half-sib 
families in the absence of root maggot were evaluated 
in replicated yield trials at Fargo, ND in 2007 and 2008. 
Two adapted hybrids, ACH-817 (Crystal Beet Seed, Moor-
head, MN) and Beta-6600 (Betaseed, Shakopee, MN) and 
two root maggot–resistant germplasms, F1015 and F1016, 
were included for comparisons. The experimental design 
was an RCB with four replicates in 2006; because of exces-
sive moisture, only two replicates were harvested in 2008. 
Experimental units were two rows wide and 10 m long with  
56 cm between rows. Weeds were controlled with regis-
tered sugarbeet herbicides, cultivation, and hand weeding 
when needed. The root yield was measured as the weight 
of all roots from a single plot at the time of harvest. The 
sucrose concentration was determined by polarimetry and 
based on a random sample of 10–12 roots from each plot.

The half-sib families also were included in specialized 
nurseries to obtain an initial assessment of disease develop-
ment when exposed to C. beticola and Aphanomyces cochli-
oides Drechs. (the causal organism of Aphanomyces root 
rot). The CLS nursery was located near East Lansing, MI 
(USDA-ARS) in 2006 and near Rosemount, MN (Betaseed, 
Shakopee, MN) in 2007. The nursery for Aphanomyces 
root rot was near Shakopee, MN (Betaseed). F1024 also was 
evaluated for Rhizoctonia root rot in a nursery at Fort Col-
lins, CO in 2009. These nurseries were located and man-
aged with the objective of providing a reliable indication 
of the response to a single disease organism with minimal 
complications due to other diseases (Panella et al., 2008). 
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appeared to be actively feeding 4 h after being placed in 
the Petri dishes (Fig. 1D). A similar differential response 
was observed in an earlier comparison of F1010 (PI 535818), 
a root maggot–susceptible germplasm in the parentage of 
F1016, with F1016, the resistant parent in the cross from 
which F1024 was selected (Smigocki et al., 2006).

The average rating for root maggot damage for all half-
sib families evaluated in 2005 and 2008 was 2.9 and 2.8, 
respectively. The families selected for advancement in 2005 
had an average damage rating of 2.2. In 2008 the average 

Each nursery included entries from other breeding pro-
grams and representative resistant and susceptible cultivars 
selected by nursery managers.

Testcross hybrids were formed by crossing the eight com-
ponent lines of F1024 with a common root maggot–suscep-
tible proprietary CMS line (Betaseed) and were evaluated 
at sites with root maggot near St. Thomas, ND and at sites 
without root maggot at Fargo, ND. Root yield, sucrose con-
centration, and sugar yield were measured at St. Thomas 
in 2007 and 2008 and at Fargo in 2007–2009. The experi-
mental design was an RCB with four replicates. Individual 
experimental units at St. Thomas were four-row, 10-m-long 
plots with rows spaced 56 cm apart. The center two rows 
were harvested for yield and quality determinations, and 
five roots from the center of each of the two outside rows 
were hand dug, washed, and rated for root maggot dam-
age (Campbell, 2005). The experimental units at Fargo were 
two rows wide. Because of adverse conditions at harvest, 
only two replicates were harvested at Fargo in 2008. Two 
adapted, root maggot–susceptible hybrids—ACH-817 and 
Beta-6600—were included in the trials. The root yield was 
measured as the weight of all roots from a single plot at 
harvest. The measurements of sucrose concentration and 
sucrose loss to molasses were based on a random sample 
of 10–12 roots from each plot. Sodium, potassium, and 
amino-nitrogen concentration were used to calculate loss 
to molasses using the formula that American Crystal Sugar 
Co. (Moorhead, MN) uses to determine payments to grow-
ers. Sugar yield was defined as (sucrose concentration − 
sucrose loss to molasses) × root yield.

Data from each environment were analyzed using gen-
eral linear models calculated with SAS statistical software 
(SAS 9.1. SAS Institute, Inc., Cary, NC) with all factors con-
sidered fixed (Littell et al., 2002). The ESTIMATE function 
of the SAS GLM procedure was used to calculate the magni-
tude of the difference between the average of the testcross 
hybrids and the otherwise adapted susceptible hybrid.

Characteristics
F1024 is a multigerm diploid sugarbeet germplasm that seg-
regates for hypocotyl color in an approximate ratio of one 
green to three red. The roots of F1024 are white, tapered 
(narrow triangular), and unbranched with a relative shal-
low groove (Fig. 1A). The roots are larger and longer than 
those of F1016, its root maggot–resistant parent, and F1024 
plants are generally larger and more vigorous than those 
of F1016.

Three cycles of mass selection decreased the rating for 
sugarbeet root maggot damage of the population under 
selection (Fig. 1A) from 5.3 to 2.9 (Fig. 2). During those 4 yr, 
susceptible adapted hybrids (Fig. 1B) had ratings ranging 
from 5.9 to 6.5, for an average of 6.2 (Fig. 2). The response of 
root maggot larvae in the in vitro seedling bioassay provided 
further evidence of the resistance of the selected population 
(Smigocki et al., 2006). Most larvae on plants from the third 
selection cycle were clustered and not actively feeding; a 
few had moved away from the other larvae and any sug-
arbeet roots (Fig. 1C). In comparison, larvae were aligned 
along the roots of the susceptible parent (19961009H2) and 

Figure 1. Comparison of sugarbeet root maggot damage (A) 
on roots of the population from which F1024 was selected, 
after three cycles of mass selection and (B) on a susceptible 
adapted hybrid, St. Thomas, ND 2005; (C) root maggot 
larvae on seedlings from the population that gave rise 
to F1024 after three cycles of mass selection for maggot 
resistance and (D) on seedlings of 19961009H2, the root 
maggot-susceptible parent in the cross from which F1024 
was selected.
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families (Table 1) was approximately half the root yield of 
the adapted hybrids in the absence of root maggot. The 
average sucrose concentration of the selected families was 
about 20 g kg−1 lower than the average of the two adapted 
hybrids at Fargo.

In the 2006 CLS evaluations (Table 2), the difference 
between the average disease rating of the tolerant checks 
and 13 of the 25 disease ratings (half-sib family by date 
combinations) of the half-sib families recorded between 
9 August and 5 September was not significant. The differ-
ences between 7 disease ratings of the half-sib families and 
the susceptible checks were not significant, and 3 of the 
disease ratings of the half-sib families were between the 
tolerant checks and the susceptible checks. Two half-sib 
families had disease ratings on 5 September that were not 
different (P = 0.05) from either the tolerant or the suscep-
tible check. The average CLS disease rating for all of the 
half-sib families across the four observation dates in 2006 
was 5.4, compared with 8.4 for the susceptible checks and 
3.8 for the tolerant checks. The difference between the dis-
ease ratings of the tolerant checks and 12 of the 32 diseases 
ratings of the half-sib families recorded between 26 July 
and 15 Aug. 2007 was not significant (Table 2). Nineteen of 
the 2007 CLS disease ratings for the half-sib families were 
between those of the tolerant and susceptible checks, and 
one observation on 26 July did not differ from the suscep-
tible check. The average CLS disease rating of the half-sib 
families across the four observation dates in 2007 was 3.1, 
compared with 5.7 for the susceptible checks and 2.0 for 
the tolerant checks. All of the half-sib families had rela-
tively high Aphanomyces root rot ratings at Shakopee in 
2007 (Table 2).

damage rating of the eight selected families was 1.1 (Table 
1). The adapted hybrids had damage ratings of 6.2 in 2005 
and 4.2 in 2008. The average root yield of the eight selected 

Table 1. Root yield, sucrose concentration, and damage ratings for sugarbeet root maggot of the eight component 
lines of F1024, Fargo, ND and St. Thomas, ND, 2005–2008.

Half-sib family

Fargo, ND St. Thomas, ND
Root yield Sucrose Root maggot damage

2007 2008 2007 2008 2005 2008
—————  Mg ha−1 ————— —————  g kg−1 ————— —————  0–9† —————

HS1024–1 38.5 bc‡ 43.3 cd 121 bc 127 c 2.3 b 1.1 bc

HS1024–2 30.7 cd 25.2 ef 124 b 135 c 2.0 b 1.0 bc

HS1024–3 31.4 c 32.1 e 119 bc 134 c 2.2 b 1.0 bc

HS1024–4 40.1 b 28.8 ef 126 b 139 bc 2.3 b 0.9 c

HS1024–5 33.3 bc 33.9 de 123 bc 131 c 1.9 b 1.2 bc

HS1024–6 33.1 bc 18.8 f 121 bc 129 c 2.2 b 1.3 bc

HS1024–7 33.6 bc 23.4 ef 124 bc 137 bc 2.3 b 1.2 bc

HS1024–8 22.5 d 19.2 f 122 bc 125 c 2.4 b 0.9 c

Mean 32.9 28.1 123 132 2.2 1.1

ACH-817 60.2 a 52.4 bc 144 a 157 a — 4.2 a

Beta-6600 60.5 a 63.7 a 147 a 153 ab 6.2 a —

F1015 61.3 a 55.6 ab 127 b 126 c — —

F1016 34.6 bc 27.6 ef 114 c 133 c — 1.6 b

LSD0.05 8.4 11.1 10 17 1.2 0.7
†Damage rating: 0, no feeding scars; 1, one to four small scars; 2, five to ten small scars; 3, up to three large scars or numerous small scars; 4, a few large scars or 
considerable feeding on lateral roots; 5 several large scars and/or extensive feeding on lateral roots; 6, numerous scars, up to 25% of root surface blackened; 7, 25–50% 
of root blackened with scars; 8, 50–75% of root surface blackened; 9, >75% of root blackened.

‡Differences among means within a column followed by the same letter are not significant according to Fisher’s protected LSD (P = 0.05).

Figure 2. Damage ratings of an adapted susceptible hybrid 
for sugarbeet root maggot (shaded bars) and the response 
to three cycles of mass selection for sugarbeet root maggot–
resistance in the population that produced F1024 (light-
colored bars), St. Thomas, ND, 2000–2003. The difference 
between the susceptible hybrid and the population was 
significant (P = 0.05) in all years. Root maggot damage was 
rated on a scale of 0 (no damage) to 9 (more that 0.75% of 
the root surface blackened by scars).
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F1024 had a root maggot damage rating of 2.1 at  
St. Thomas in 2009, compared with ratings of 2.5 for 
F1016, 3.4 for F1015, 6.0 for Beta-2084, and 6.1 for ACH-
820 (LSD0.05 = 1.0). The sucrose concentration of F1024 at 
Fargo in 2009 was 137 g kg−1, compared with three adapted 
hybrids that ranged from 147 to 152 g kg−1 (LSD0.05 = 14). 
The root yield of F1024 (26.5 Mg ha−1) was less than half 
of the average of the three adapted hybrids (60.8 Mg ha−1). 
In the 2009 CLS evaluations at East Lansing, F1024 had a 
disease rating of 2.2, the tolerant checks had disease ratings 
of 1.5 and 1.9, the susceptible check a rating of 5.5, and 
F1016 a rating of 3.6 (LSD0.05 = 0.8). The difference between 
the Rhizoctonia root rot disease rating for F1024 (6.3) and 
FC-709, the resistant check, (3.0) in the 2009 evaluation 
nursery at Ft. Collins was significant (LSD0.05 = 0.9); the sus-
ceptible check, FC901/C817, had a disease rating of 5.0.

Testcross Hybrids
All differences between the root maggot damage ratings 
of the testcross hybrids and the susceptible commercial 
hybrids (ACH-817 and Beta-6600) were significant in 2007 
and 2008 (Table 3). In 2007, the average damage rating of 
the eight testcross hybrids was 3.4, compared with a dam-
age rating of 6.0 for Beta-6600. The average damage rating 
of the testcross hybrids in 2008 was 2.7; the two commer-
cial hybrids had an average damage rating of 4.6. Differ-
ences in stand reduction between the time the larvae began 
feeding and harvest may have increased the root-yield dif-
ferences between the susceptible hybrid and the testcross 
hybrids at St. Thomas in 2007 (Table 4). Stand losses for the 
testcross hybrids ranged from 7 to 15%, compared with a 
stand loss of 27% for Beta-6600 (LSD0.05 = 9%). Stand reduc-
tions were lower at St. Thomas in 2008 than in 2007, and 

in some cases, differences between the commercial hybrids 
and the testcross hybrids were not significant.

The relative root yields at St. Thomas followed a pattern 
similar to that observed for root maggot damage ratings. 
In both 2007 and 2008, the root yields of the susceptible 
adapted hybrids were lower than those of all of the testcross 
hybrids (Table 3). In 2007, the average root yield of the test-
cross hybrids was 10.7 Mg ha−1 (SE = 1.7) greater than the 
root yield of Beta-6600 (Table 4). The difference between the 
average yield of the testcross hybrids and the average yield 
of the two commercial hybrids in 2008 was 12.3 Mg ha−1

(SE = 1.5). At Fargo, in the absence of root maggot, there 
were no significant differences in root yield among the 
hybrids in 2007 or 2008 (Tables 3 and 4); in 2009, the 
differences between six of the eight testcross hybrids and 
the commercial hybrids were not significant (Table 3). In 
all environments except St. Thomas in 2007, the sucrose 
concentration of the adapted hybrid or hybrids was greater 
than the sucrose concentration of all the testcross hybrids; 
however, significant differences were observed only at  
St. Thomas in 2008 and Fargo in 2007 (Table 3).

Availability
F1024 will be maintained by the USDA-ARS, Fargo, ND and 
freely distributed in quantities sufficient for reproduction. 
Requests for seed should be directed to the Sugarbeet and 
Potato Research Unit, USDA-AS, Fargo, ND. A seed sample 
also has been deposited with the USDA National Plant 
Germplasm Center, where it will be available for research 
purposes, including the development of commercial lines 
and cultivars. U.S. Plant Variety Protection will not be pur-
sued for F1024. It is requested that appropriate recognition 
be made when this germplasm contributes to the develop-
ment of an improved breeding line, cultivar, or hybrid.

Table 2. Disease indices of the eight component lines of F1024 in nurseries to evaluate response to Cercospora leaf 
spot and Aphanomyces root rot.

Half-sib family

Disease index
Cercospora leaf spot

Aphanomyces2006 2007
9 Aug. 15 Aug. 22 Aug. 5 Sept. 26 July 2 Aug. 8 Aug. 15 Aug. 2007

————— 1–10† ————— —————— 1–9 —————— ———————————— 1–10 ————————————— 1–9

HS1024–1 5.3+‡ 6.7− 6.3− 5.5± 1.4+ 2.0+ 3.7 4.4 5.6−

HS1024–2 7.3– 7.0− 7.0− 5.7± 2.0− 3.0 4.8 5.7 4.6

HS1024–3 3.0+ 5.0+ 4.5+ — 1.0+ 2.6 3.0+ 4.1+ 5.1

HS1024–4 6.0+ 7.0− 6.3− 4.0+ 1.7+ 2.6 3.7 4.7 5.7−

HS1024–5 5.5+ — 5.5 — 1.7+ 3.0 4.4 5.9 4.5

HS1024–6 4.0+ 5.5+ 5.5 5.0+ 1.7+ 2.7 3.7 5.1 5.2

HS1024–7 4.0+ 4.7+ 5.3 4.5+ 1.0+ 2.4 3.1+ 3.7+ 6.3−

HS1024–8 — — — — 1.4+ 2.4 3.4 4.4 6.2−

Mean 5.0 6.0 5.8 4.9 1.5 2.6 3.7 4.8 5.4

Susceptible checks 9.7 8.7 8.0 7.0 2.7 5.0 7.1 7.8 6.4

Tolerant checks 3.7 3.3 3.3 4.7 1.0 1.0 2.4 3.4 2.3

LSD 0.05 3.1 2.2 1.9 1.5 0.7 1.0 0.8 0.8 0.9
†Higher disease indices are indicative of increased severity in all cases (1 = no visible symptoms).
‡Disease indices within a column followed by a plus sign (+) do not differ from the tolerant checks, according to Fisher’s protected LSD (P = 0.05); disease indices 
followed by a negative sign (−) are not different from the susceptible checks.
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Table 3. Root yield, sucrose concentration, sugar yield, 
and damage ratings for sugarbeet root maggot 
of testcross hybrids formed by pollinating a root 
maggot–susceptible, cytoplasmic-male-sterile line 
with the eight component lines of F1024 and two 
susceptible adapted hybrids, St. Thomas and Fargo, 
ND, 2007–2009.

Pollinator or 
adapted hybrid

St. Thomas, ND Fargo, ND
2007 2008 2007 2008 2009

Root yield (Mg ha−1)
HS1024–1 44.3 bc† 54.6 ab 71.5 a 64.4 a 49.2 b-e

HS1024–2 45.0 a-c 50.1 b 58.0 a 64.5 a 59.2 a

HS1024–3 48.7 a 57.1 a 66.7 a 67.0 a 53.0 b

HS1024–4 41.6 c 52.4 b 65.9 a 66.0 a 44.4 de

HS1024–5 44.4 bc 52.4 b 62.2 a 63.5 a 45.0 de

HS1024–6 45.9 ab 57.3 a 64.5 a 64.4 a 43.2 e

HS1024–7 42.3 bc 54.4 ab 59.1 a 63.0 a 51.7 bc

HS1024–8 41.7 c 51.4 b 59.3 a 61.7 a 49.9 b-d

ACH-817 — 39.9 c 60.2 a 52.4 a 45.7 c-e

Beta-6600 33.5 d 42.9 c 60.5 a 63.7 a 45.8 c-e

Sucrose (g kg−1)
HS1024–1 130 a 144 de 125 e 140 a 139 a

HS1024–2 131 a 145 d 136 b-d 142 a 138 a

HS1024–3 137 a 147 cd 136 b-d 144 a 144 a

HS1024–4 134 a 138 e 134 c-e 142 a 140 a

HS1024–5 132 a 147 cd 127 de 137 a 140 a

HS1024–6 136 a 145 d 135 b-d 145 a 140 a

HS1024–7 134 a 151 bc 141 a-c 149 a 141 a

HS1024–8 134 a 142 de 133 c-e 143 a 140 a

ACH-817 — 153 ab 144 ab 157 a 147 a

Beta-6600 131 a 158 a 147 a 153 a 147 a

Sugar yield (kg ha−1)
HS1024–1 4881 c 6824 ab 6412 a 7876 a 6023 b-d

HS1024–2 5050 bc 6303 bc 6329 a 8171 a 7297 a

HS1024–3 5743 a 7363 a 7264 a 8735 a 6916 ab

HS1024–4 4809 c 6185 bc 6903 a 8231 a 5516 d

HS1024–5 5064 bc 6760 a-c 6232 a 7678 a 5430 d

HS1024–6 5431 ab 7207 a 6617 a 8128 a 5276 d

HS1024–7 4888 c 7305 a 6564 a 8411 a 6505 a-c

HS1024–8 4803 c 6303 bc 5696 a 8020 a 6055 b-d

ACH-817 — 5478 d 6763 a 7408 a 5890 cd

Beta-6600 3772 d 6172 c 6584 a 8738 a 5841 cd

Sugarbeet root maggot damage (0–9)‡

HS1024–1 3.6 b 3.2 b — — —

HS1024–2 3.2 b 2.5 bc — — —

HS1024–3 3.1 b 2.7 bc — — —

HS1024–4 3.5 b 2.8 bc — — —

HS1024–5 3.5 b 3.0 bc — — —

HS1024–6 3.6 b 2.4 bc — — —

HS1024–7 3.4 b 2.2 c — — —

HS1024–8 3.4 b 2.8 bc — — —

ACH-817 — 4.7 a — — —

Beta-6600 6.0 a 4.6 a — — —
†Differences among means within a column followed by the same letter are not 
significant, according to Fisher’s protected LSD (P = 0.05).

‡Damage rating: 0, no feeding scars; 1, one to four small scars; 2, five to ten small 
scars; 3, up to three large scars or numerous small scars; 4, a few large scars or 
considerable feeding on lateral roots; 5 several large scars and/or extensive 
feed on lateral roots; 6, numerous scars, up to 25% of root surface blackened; 
7, 25–50% of root blackened with scars; 8, 50–75%of root surface blackened; 9, 
>75% of root blackened.

Acknowledgments
The technical support of Joe Thompson and Nyle Jonason is grate-
fully acknowledged. Linda Hanson, Mitch McGrath, Jay Miller, and 
Margaret Rekoske, along with their respective support staffs, man-
aged the disease-evaluation nurseries. The sugarbeet entomology and 
extension staffs at North Dakota State University provided valuable 
assistance with seedbed preparation and harvest. Sugar and quality 
data for the testcross hybrid trials at St. Thomas were ably provided 
by C. Hotvedt and his staff at the Quality Laboratory of the American 
Crystal Sugar Co. in East Grand Forks, MN. The use of trade, firm, or 
corporate names is for the information and convenience of the reader. 
Such use does not constitute an endorsement or approval by the Agri-
cultural Research Service of any product or service to the exclusion of 
others that may be suitable.

References
Campbell, L.G. 2005. Sugar beet root maggot. p. 113–114. In E. Bian-

cardi, L.G. Campbell, G.N. Skaracis, and M. Biaggi (ed.) Genetics 
and breeding of sugar beet. Science Publishers, Enfield, NH.

Campbell, L.G., A.W. Anderson, and R.J. Dregseth. 2000. Registration 
of F1015 and F1016 sugarbeet germplasms with resistance to the 
sugarbeet root maggot. Crop Sci. 40:867–868.

Campbell, L.G., A.W. Anderson, R.J. Dregseth, and L.J. Smith. 1998. 
Association between sugarbeet root yield and sugarbeet root mag-
got (Diptera: Otitidae) damage. J. Econ. Entomol. 91:522–527.

Campbell, L.G., J. Miller, M. Rekoske, and L.J. Smith. 2008. Perfor-
mance of sugarbeet hybrids with sugarbeet root maggot resistant 
pollinators. Plant Breed. 127:43–48.

Campbell, L.G., and W. Niehaus. 2008. Sugarbeet root maggot resis-
tance of hybrids with a maggot resistant pollinator. J. Sugar Beet 
Res. 45:85–97.

Hecker, R.J., and J.O. Gaskill. 1972. Registration of FC 701 and FC 702 
sugarbeet germplasm. Crop Sci. 12:400.

Hein, G.L., M.A. Boetel, and L.D. Godfrey. 2009. Sugarbeet root mag-
got. p. 95–97. In R.M. Harveson, L.E. Hanson, and G.L. Hein (ed.) 
Compendium of beet diseases and pests. American Phytopatho-
logical Society, St. Paul, MN.

Jacobsen, B.J., and G.D. Franc. 2009. Cercospora leaf spot. p. 7–10. In 
R.M. Harveson, L.E. Hanson, and G.L. Hein (ed.) Compendium of 
beet diseases and pests. American Phytopathological Society, St. 
Paul, MN.

Table 4. Differences in root yield, sucrose concentration, 
sugar yield, damage ratings for sugarbeet root 
maggot, and stand loss between the average of 
eight testcross hybrids with root maggot resistant 
pollinators and susceptible adapted hybrids, St. 
Thomas and Fargo, ND, 2007–2009.

St. Thomas, ND Fargo, ND
Characteristic 2007 2008 2007 2008 2009 
Root yield (Mg ha−1) 10.7† (1.7) 12.3 (1.5) 3.1 (ns) 6.2 (ns) 3.7 (ns)

Sucrose (g kg−1) 3 (ns) −10 (2) −12 (2) −12 (4) −6 (3)

Sugar yield (kg ha−1) 1311 (191) 956 (210) 170 (ns) 83 (ns) 261 (ns)

Root maggot 
damage (0–9)‡ −2.6 (0.2) −1.9 (0.3) — — —

Stand loss (%)§ −16 (3) −8 (2) — — —
†The difference is equal to the average of the eight testcross hybrids minus the 
average of the root maggot–susceptible hybrids. Values in parenthesis are 
standard errors; “ns” indicates that the difference was not significant; all others 
were significant (P = 0.05).

‡Damage rating: 0, no feeding scars; 1, one to four small scars; 2, five to ten small 
scars; 3, up to three large scars or numerous small scars; 4, a few large scars or 
extensive feeding on lateral roots; 5 several large scars or extensive feed on 
lateral roots; 6, numerous scars, up to 25% of root surface blackened; 7, 25–50% 
of root blackened with scars; 8, 50–75%of root surface blackened; 9, >75% of root 
blackened.

§Stand loss is one minus the number of plants at harvest divided by the number 
of plants before arrival of the root maggots (i.e., depositing of eggs by females; 
late May or early June).



g e rm p l a smJournal of Plant Registrations, Vol. 5, No. 2, May 2011 7

Littell, R.C., W.W. Stroup, and R.J. Freund. 2002. SAS for linear mod-
els. 4th ed. SAS Institute, Inc., Cary, NC.

Panella, L. 1999. Registration of FC709–2 and FC727 sugarbeet germ-
plasms resistant to Rhizoctonia root rot and Cercospora leaf spot. 
Crop Sci. 39:298–299.

Panella, L., R.T. Lewellen, and L.E. Hanson. 2008. Breeding for mul-
tiple disease resistance in sugarbeet: Registration of FC220 and 
FC221. J. Plant Reg. 2:146–155.

Puthoff, D.P., and A.C. Smigocki. 2006. Insect feeding-induced dif-
ferential expression of Beta vulgaris root genes and their regulation 
by defense associated signals. Plant Cell Rep. 26:71–84.

Smigocki, A.C., S.D. Ivic-Haymes, L.G. Campbell, and M.A. Boetel. 
2006. A sugarbeet root maggot (Tetanops myopaeformis Roder) bio-
assay using Beta vulgaris L. seedlings and in vitro propagated trans-
formed hairy roots. J. Sugar Beet Res. 43:1–14.

Smith, G.A., and E.G. Ruppel. 1980. Registration of FC 607 and FC 607 
CMS Sugarbeet germplasm. Crop Sci. 20:419.

Theurer, J.C., C.C. Blickenstaff, G.C. Mahrt, and D.L. Doney. 1982. 
Breeding for resistance to the sugarbeet root maggot. Crop Sci. 
22:641–645.

Wilhite, S.E., T.C. Eldon, V. Puizdar, S. Armstrong, and A.C. Smigocki. 
2000. Inhibition of aspartyl and serine proteinases in the midgut 
of sugarbeet root maggot with proteinase inhibitors. Entomol. Exp. 
Appl. 97:229–233.


