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ABSTRACT

Comparisons of sugarbeet (Beta vulgaris) cultivars resistant
and susceptible to the sugarbeet root aphid (Pemphigus betae)
were conducted in furrow irrigated fields for three years at
Bushland, Texas under natural root aphid infestation. Culti-
vars with low root aphid infestation ratings had higher root
yield and sugar content. Higher aphid infestation ratings were
associated with higher Na and lower amino-N in the harvested
root., Thus, a high ratio of Na to amino-N may indicate root
aphid damage. These associations could, however, be con-
founded with the varying genetic background of the cultivars
tested. Using both aphid ratings and the impurity ratio might
be better than using either alone to identify and characterize
those cultivars susceptible to root aphid. Root aphid infesta-
tion ratings of susceptible cultivars increased from 1.34 to 3.57
on a 1 to 5 scale with increasing distance down a furrow irri-
gated field. Resistant cultivar infestation ratings remained
below 1.1 at all field positions. Sugar yield declined 2.12 and
2.93 Mg ha™' (20 and 29 percent) for resistant and susceptible
cultivars, respectively, over a distance of 315 m from top to
bottom of a furrow irrigated field. These declines were not
significantly different perhaps because of late onset of infesta-
tion. Susceptible cultivars sustained a statistically significant
(P > 0.01) 10.4 g kg’ greater loss in sugar content (16.8 g kg
loss vs. 6.4 g kg™ loss) with increasing distance as compared to
resistant cultivars. Resistant cultivars are essential for profit-
able production if soil conditions are dry.
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Su garbeet root aphid (Pemphigus betae Doane) is a common pest

of sugarbeet (Beta vulgaris L.) in the Texas Panhandle. This pest has caused
damage to sugarbeet near Bushland more than half the years since 1979. In
1979 and particularly 1980, a hot dry summer, susceptible cultivars were
completely destroyed (Winter and Patrick, 1997). Aphid infestations in
1980 were made conspicuous by severely wilted tops for 3 months prior to
harvest. Damage to susceptible cultivars in Texas is thought to be several
Mg ha' loss in root yield and 10 or 15 g kg loss in sugar content in a
moderate infestation. Production losses are usually worse when irrigation
and rainfall are limited as compared to continuously moist soil (Summers
and Newton, 1989). The true magnitude of these losses is not well docu-
mented.

Insecticides have been unsuccessful in controlling root aphid in
Texas (Winter and Patrick, 1997). Lack of control is thought to be due to
difficulty in delivering the insecticide to the pest. Root aphids attack pri-
marily the feeder roots that are dispersed throughout the topsoil (Summers
and Newton, 1989). Damage to the tap root also occurs. For chemical
control to be effective, a soil drench or systemic action through the sugarbeet
plant may be necessary.

When sugarbeet tops wilt due to severe root aphid infestation,
yield losses average 30 to 60% compared to adjacent uninfested areas
(Hutchison and Campbell, 1994; Summers and Newton, 1989). Earlier
onset of infestation increases yield losses (Campbell and Hutchison, 1995).
Usually both root yield and sugar content are reduced by severe root aphid
infestation; however, in California only root yield declined (Summers and
Newton, 1989). This observation may be due to severe root dehydration.
Determining sugar and yield losses on a dry weight rather than a fresh
weight basis would be necessary to clarify the situation.

Cultivars resistant to root aphid have been highly successful and
the resistance has been stable for more than 20 years in Texas. Several
seed companies have had trouble developing resistant cultivars and even
those companies with resistant parental lines require evaluation of new
hybrids. The comparisons reported here were designed to test advanced
experimental sugarbeet hybrids for general agronomic performance and
root aphid resistance. During testing, root aphid infestation tended to be
more severe on the lower, drier end of furrow irrigated fields. Thus, an
analysis of linear irrigation effects on root aphid infestation is also pre-
sented in this paper.
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MATERIALS AND METHODS

Sugarbeet cultivar comparisons were conducted during 1993, 1994,
and 1995 at the Bush Research Farm near Bushland, TX. Planting oc-
curred in late March with harvest in late October.  All comparisons were
planted on fields with no history of sugarbeet production. The soil was
Pullman clay loam, with high shrink/swell potential. Large cracks, which
can develop during drying, may aid establishment and spread of the root
aphid.

Irrigation was by graded furrow with two rows on a 1-m bed.
Cultivar plots were four rows (2 m) wide with the center two rows har-
vested for yield and sugar determination. Two 10 to 15 kg samples were
selected at random from each plot (total plot weight = kg) for determina-
tion of tare, sugar, and impurities on a fresh weight (wet weight) basis.
Impurity components determined were Na and amino-N in the harvested
root. All sugar and quality determinations were made by Holly Sugar Cor-
poration using standard methods (Hutchison and Campbell, 1994). Recov-
erable sugar and loss to molasses were calculated from yield and impurity
data using the methods of Carruthers and Oldfield (1960).

A root aphid infestation rating was made on each plot during har-
vestin October. Each plot was inspected behind the digger for evidence of
root aphid infestation. Rating was based on the presence of the character-
istic white waxy material that the aphid deposits in the soil (Hutchison and
Campbell, 1994). This white material is easily seen immediately after dig-
ging when the soil is still somewhat moist. A rating scale of 1 to 5 was
used. A rating of 1 signified no visible wax. A rating of 2 was given for a
small area of white wax and ratings of 3, 4, or 5 indicated increasing amounts
of white area. A rating of 5 was given only when the entire plot area was
heavily covered with white wax. Other rating systems such as viewing the
roots on the digger and examining roots trimmed from the plot ends were
tried but neither seemed as easy or reliable as rating behind the digger to
quickly assess a large plot area.

Irrigation of these cultivar trials was frequent and heavy by local
standards. Irrigation interval was 10 to 18 days for 18 to 48 hr sets. The
upper field position was wetter than the lower end because only moderate
tail water of 2 to 6 hr was allowed.

Individual plots were 9 m long. Field layout was 6 plots wide by
36 plots long giving a total plot area of 12 m wide by 324 m long. In
addition, an 18 m border was on both the upper (water input) and the lower
end of the field. For linear irrigation effect analysis, the center of the first
plot on the upper end of the field was considered the zero distance starting
point. All distances used in analyses are measured downstream from this
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zero starting point in m. Thus, the last plot was 315 m downstream from
the first plot in relationship to furrow irrigation.

Each year 36 cultivars were compared in six replicates. Repli-
cates were blocked by length of run to give blocks that were six plots wide
by six plots long. This assured that cultivars were uniformily exposed to
spatial effects associated with furrow irrigation. Cultivars were from Holly
Hybrids, Seedex, Betaseed, and Hilleshog-MonoHy. Seven cultivars com-
mon to all 3 years were selected for detailed analysis. ‘Rhizosen’, ‘HH67’,
and ‘HH32' are Holly hybrids. ‘Ranger’ is a Seedex hybrid. Hilleshog
MonoHy provided ‘TX18’, ‘TX36’, and ‘9155’.

Linear Irrigation Effect Analysis

The 36 cultivars tested each year were divided for subsequent
analysis into three categories of 12 cultivars each based on mean root aphid
infestation rating. These categories are called resistant (R), intermediate
(I) and susceptible (S) based on the 12 lowest to 12 highest root aphid
infestation ratings, respectively. The categories were assigned indepen-
dently each year. Some cultivars occurred in the trials only in 1 or 2 years.
Resistant cultivars generally were from Hilleshog or Seedex while suscep-
tible were from Holly or Betaseed. Thus, genetic background of resistant
and susceptible cultivars was different.

Linear and quadratic regressions were performed for aphid infes-
tation rating categories within each year and across years using SAS (SAS
Institute, Inc., 1985). Infestation rating, ratio of Na to amino-N, yield, and
quality parameters were dependent variables for regression analysis with
distance downstream from the midpoint of the first plot as the independent
variable. Slopes of linear regression lines were compared by extended
analysis of covariance (Freese, 1964; Snedecor and Cochran, 1980).

RESULTS AND DISCUSSION

Overall, root aphid infestations were not severe any year. Root
aphid density was moderate to high at harvest in a few plots. Infestation
did not appear to occur until late in the season. Foliar symptoms of aphid -
infestation were not observed prior to harvest. No wilting or discoloration
of the sugarbeet foliage was observed. Each year the presence of aphids
was seen just prior to harvest when the plot ends were trimmed. The high-
est mean root aphid infestation rating by an individual cultivar was 4.2,
2.5, and 2.8 in 1993, 1994, and 1995, respectively. Over the 3 years, 433,
80, 69, 37, and 21 plots had root aphid infestation ratings of 1, 2, 3, 4, and
5, respectively. The infestations appeared light compared to some prior
years in Texas.
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Root Aphid Infestation Ratings and Associations

Root aphid infestation ratings across all 36 cultivars were signifi-
cantly correlated to several yield and quality parameters each year (Table
1). Higher root aphid infestation ratings were associated with lower root
yield, sugar content, and sugar yield. Also, higher infestations correlated
positively with Na in the root at harvest and negatively with amino-N. Thus,
higher root aphid infestation ratings were strongly associated with higher
ratios of Na to amino-N. In Minnesota, root aphid infestations lowered
amino-N but had no consistent effect on Na (Hutchison and Campbell, 1994).

Correlations and the degree of significance were nearly the same
all years. The seven selected cultivars gave similar correlations to all 36
cultivars (Table 1). Only amino-N in 1995 was not significantly correlated
to root aphid rating. Neither yield nor root quality associations can be
wholly attributed to root aphid damage because of the different genetic
backgrounds of the cultivars used. In other words, root aphid resistance
effects were difficult to separate from other cultivar attributes.

Root aphid infestation ratings for the seven selected cultivars in-
dicated that 9155, TX36, Ranger, and TX18 were highly resistant (Table
2). HH32 was moderately susceptible while Rhizosen and HH67 were
highly susceptible. Cultivar by year interactions for infestation rating or
the Na/amino-N ratio were not significant according to analysis of vari-
ance. The seven selected cultivars maintained similar ranking for aphid
infestation rating and Na/amino-N ratio over the three years.

As already discussed, the ratio of Na to amino-N was higher for
higher root aphid infestation ratings (Table 1). This effect is easily seen in
Table 2 by comparing cultivar aphid infestation ratings to Na/amino-N ra-
tios. The relationship is further depicted in Figure 1 as a straight-line rela-
tionship with R? = 0.26 and n = 601. The slope is significantly different
from zero at P = 0.0001. The basis for the relationship is debatable. Possi-
bly the aphid susceptible cultivars had a high Na/amino-N ratio whether
infested or not. Plots of Rhizosen (a susceptible cultivar) that were rated
uninfested had a Na/amino-N ratio of 2.7 compared to 1.7 for 9155, a resis-
tant cultivar (Table 3). However, the plots of Rhizosen given a rating of 1.0
may have actually been infested to some degree, and therefore had a higher
Na/amino-N ratio than 9155. In Minnesota, the Na/amino-N ratio tended
to be higher when a given cultivar was infested (Hutchison and Campbell,
1994).



Table 1. Correlations of root aphid infestation ratings (1 to 5, 5 = greatest infestation) with yield and quality parameters for
36 sugarbeet cultivars in 1993, 1994, and 1995 and correlations over 3 years for 36 and for 7 cultivars.

Brei impurities

Year Root Sugar Sugar Ratio of
yield content yield Na Amino-N Na/amino-N
1993 R' -0.553 -0.322 -0.546 0.272 -0.271 0.453
P>R 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
n 216 216 213 213 213 213
1994 R -0.278 -0.566 -0.481 0.520 -0.193 0.529
P>R 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
n 213 213 212 212 212 212
1995 R -0.334 -0.312 -0.433 0.452 -0.031 0.484
P>R 0.0001 0.0001 0.0001 0.0001 NS 0.0001
n 211 214 209 213 213 213
1993-95 R -0.235 -0.341 -0.351 0.352 | -0.238 0.485
36 cultivars  P>R 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
n 639 642 634 638 638 638
1993-95 R -0.293 -0.439 -0.411 0.463 -0.359 0.578
7 cultivars P>R 0.0009 0.0001 0.0001 0.0001 0.0001 0.0001
n 125 125 124 125 125 125

" R = correlation coefficient
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Table 2. Mean root aphid infestation rating and Na/amino-N ratio for
seven selected cultivars during each of 3 years.

Infestation Rating Ratio of Na/amino-N

Cultivar 1993 1994 1995 Mean 1993 1994 1995 Mean
Rhizosen 3.0a' 1.8ab 2.8a 25a 32b 35b 28a 3.2ab
HH67 27a 22a 24ab 24a 41la 34a 25a 34a
HH32 23ab 1.7ab 1.6bc 19b 33b 25ab 2.0b 26b

TX18 1.3bc 1.2b 12c¢ 1.2¢ 21¢ 1.8ab 13cd 1.7c¢
Ranger 1.2¢ 12b 10c llc 1.8c 13b 1.2cd 15¢c
TX36 1.0¢ 12b 1I1lc¢ Ille 1.8¢ L.1b L.1d 13c¢c
9155 1.0¢c 1.0b 1.0c 1.0¢ 1.9¢c 15ab 1.7bc 17¢

' Means in a column followed by the same letter are not significantly
different at P = 0.05 according to Duncan’s multiple range test.

Y = 1.38 + 0.47X
R?=0.26

n =601
1 ] 1

i

Ratio (Na/Amino-N)
N
1

1 2 3 4 5
Aphid Rating (1-5)

Figure 1. The Relationship of Na/amino-N ratio to root aphid infestation
rating. Slope is greater than 0 at P=0.0001 over 3 years with n=601.
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Table 3. Individual plot data for aphid infestation rating and
Na/amino-N ratio for Rhizosen and 9155.

Replicates’
Cultivar Year Factor 1 7 3 4 5 6 Mean

Rhizosen 1993 rating 1 4 1 4 3 5 30
ratio 3.6 39 34 32 26 24 32

1994  rating 1 2 3 1 1 3 18
ratio 3.1 1.5 57 27 21 58 35

1995 rating 1 4 1 5 3 3 28
ratio 22 27 18 36 30 31 27

9155 1993 rating 1 1 1 1 1 I 1.0
ratio 1.6 24 17 21 18 16 19

1994 rating 1 1 | 1 1 1.0

ratio 1.7 1.5 18 1.1 19 L1 15

1995 rating 1 1 1 1 1 1 1.0
ratio 1.5 1.7 18 1.0 21 20 17

" Replicates are in order down the field with 1 the most upstream

Can the Na/amino-N ratio of roots be used to indicate presence of
infestation or root aphid resistance in different cultivars? Inspection of
individual plot data of susceptible cultivars indicates that either some plots
escaped infestation or that aphids were present but undetected by the rating
system (Table 3). In 1993, aphid infestation ratings indicated two uninfested
plots of Rhizosen (replicates 1 and 3) while the Na/amino-N ratio would
indicate all plots were infested. In 1994 and 1995, the highest aphid ratings
for Rhizosen did have higher ratios. In this case, some plots probably were
escapes, i.e., uninfested. Perhaps an evaluation considering both aphid
infestation rating and the Na/amino-N ratio would be more effective than
using either parameter alone to characterize root aphid resistance and the
degree and uniformity of infestation.

Linear Irrigation Effects on Root Aphid Infestations

Because the genetic background of resistant and susceptible culti-
vars differs, the presence of significant correlations can not be considered
cause and effect. Root aphids clearly affect both root yield and quality but
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the extent of damage has been difficult to quantify (Hutchison and Campbell,
1994). An analysis of the pattern of root aphid infestations in furrow
irrigated sugarbeet would be interesting in itself and might help quantify
aphid damage. The patterns observed were linear in all cases. Adding the
quadratic term did not improve the fit of the observed trends.

Distance downstream in a furrow irrigated sugarbeet field had no
effect on root aphid infestation rating of resistant cultivars (Fig. 2). The
mean rating was nearly 1.0 (i.e. no aphids) for these cultivars irrespective
of field position. Resistant cultivars had almost no aphids even in a very
dry, cracked soil that favors the pest. Susceptible cultivars on the other
hand increased in mean aphid infestation rating from 1.34 at zero distance
to 3.57 at 315 m (Table 4). The infestation rating of these cultivars went
from minor infestation to moderate or severe, as the soil received less irri-
gation. This supports the idea that wet soil can limit infestation, whereas,
dry soil and susceptible cultivars can be a costly combination (Summers
and Newton, 1989). Since resistant cultivars were virtually aphid free un-
der all test conditions, the agronomic response of resistant cultivars to field
position may be due to soil water and nitrogen effects (Winter, 1986, 1990).
Interactions of cultivar categories with distance may define aphid effects.

Susceptible cultivars generally had higher Na/amino-N ratio than
resistant cultivars at all field positions (Fig. 2). The Na/amino-N ratio of
resistant cultivars was somewhat less with increasing distance whereas other
categories were unaffected by field position. Increasing N with distance
(Winter, 1986) would lower the ratio of resistant cultivars. Whereas with
susceptible cultivars, increasing N is offset by increasing root aphid result-
ing in little net change in ratio as distance increases.

Root yield of all cultivar categories was significantly less as dis-
tance down the field increased (Fig 2). A major factor in this decline can
be assumed to be a response to less water. The interaction of cultivar cat-
egory with distance for root yield was not significant. Thus, the aphid
infestation levels and late-season onset observed in these tests did not de-
press root yield by a measurable amount. Most of the yield decline with
distance down the field appears to be water related.

Sugar content declined with distance for all cultivar categories
but, unlike root yield, the category by distance interaction was significant
(Fig 2). Sugar content decline from top to bottom of the field was 6.4, 13.8,
and 16.8 g kg for resistant, intermediate, and susceptible cultivars, re-
spectively. Thus, assumihg 6.4 g kg loss to agronomic factors, the inter-
mediate and susceptible cultivars lost 7.4 and 10.4 g kg sugar content with
distance that can be attributed to root aphid damage (Table 4).

Loss to molasses was greater with distance for all cultivar catego-
ries (Fig. 2). Susceptibility to root aphids had less effect on loss to molas-
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Figure 2, Trends of root aphid infestation ratings, root yield, and root
quality in relationship to distance downstream in a furrow irrigated field.
Three year means at Bushland, TX with n = 216 for each line.



Table 4. Aphid infestation rating, Na/amino-N ratio, root yield, and quality of cultivars grouped for three categories of root
aphid resistance with distance down a furrow irrigated sugarbeet field. Mean of 1993, 1994, and 1995 at Bushland, TX.

Distance, (m)
Parameter Resistance ".::.1tt':goryJr 0 315 Slope Slope comparison P>F
Infestation rating R 1.00 1.09 +0.09 RvsS 0.01
(1-5) I 1.08 2.12 +1.04 Rvsl 0.01
S 1.34 3.57 +2.23 IvsS 0.01
Na/amino-N R 1.96 1.42 -0.54 Rvs S 0.01
(ratio) I 1.93 2.11 +0.18 RuvslI 0.01
S 2.52 2.63 +0.11 IvsS NS
Root yield R 87.3 76.9 -10.4 RvsS NS
(Mg ha) I 81.9 73.9 - 80 Rvsl NS
S 82.2 70.2 -12.0 IvsS NS
Sugar R 143.8 137.4 - 64 RvsS 0.01
(gkeg™ I 145.8 1320 -13.8 Ruvsl 0.01
S 143.6 126.8 -16.8 IvsS NS
Molasses R 14.7 19.1 +44 RvsS NS
(gke™ I 15.3 18.8 +35 Ryvsl NS
S 14.7 18.9 +42 IvsS NS
Sugar yield R 10.72 8.60 -2.12 RvsS NS
(Mg ha') I 10.17 7.90 -2.27 Rvsl NS
S 10.06 7.13 -2.93 Ivs$S NS

"R = resistant, I = intermediate, S = Susceptible.
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ses than some other characteristics because it lowered amino-N, the worst
impurity in sugarbeet, while increasing Na. Hutchison and Campbell (1994)
also concluded that root aphid had minimal effect on loss to molasses.

Recoverable sugar yield declined with distance for all cultivars
(Fig. 2). Losses were 2.12, 2.27, and 2.93 Mg ha'! with distance for resis-
tant, intermediate, and susceptible cultivars, respectively (Table 4). These
are all large losses and are in agreement with earlier observations (Winter,
1986). Excess loss to root aphid above agronomic losses can be calculated
to be 0.15 and 0.81 Mg ha' for intermediate and susceptible cultivars, re-
spectively. The calculated excess loss, even for the susceptible cultivars,
was not statistically significant. However, it seems likely that root aphid
susceptible cultivars would frequently contribute to poor sugarbeet pro-
duction on the lower end of furrow irrigated fields. The severe decline in
yield and sugar content on the lower end of furrow irrigated fields is a
serious problem in Texas (Winter, 1986) and probably in other production
areas.

Losses with sugarbeet root aphid infestation noted in these stud-
ies are much less than reported in Minnesota and California (Hutchison
and Campbell, 1994; Summers and Newton, 1989). However, those earlier
studies were comparing damage from severely infested loci, where wilting
and damage were severe, to nearby uninfested areas. The late onset of
infestation in these studies limited losses. A significant loss in sugar con-
tent was measured with susceptible cultivars on the lower end of furrow
irrigated fields; however, no measurable loss in root yield could be attrib-
uted to root aphids. This result differs from that seen in California where
severe root dehydration probably masked loss in sugar content. In future
studies, determination of yield, sugar content, and impurities on both fresh
and dry weight basis would help define losses and responses to sugarbeet
root aphid.
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