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Within-Plant Distribution and Sampling of Aphids (Hbmoptera:
Aphididae) on Broccoli in Southern California’
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ABSTRACT '

J. Econ. Entomol. 75; 587-392 {1982}

Within-plant distributions and sampling techniques for aphids were studied in three successive broc-
coli plantings in Orange County, Caiif. Myzus persicae {Sulzer) preferred the oldest teaf per plant, and
Brevicoryne brassicge (L.) the youngest and highest leaves. In plantings where M. persicae was dom-
inant, significantly (£ <" 0.035) more aphids were found on the underside of the leavés. When B.
brassicae predominated, differences in aphid counts between leaf surfaces were not significant. Pop-
ulation density on specific leaves covaried with total aphid populations per plant and may be useful for
deveioping efficient scouting programs for aphids on broecoli.

The physiological development of the host plant has
been shown to influence the pattem of aphid infestations
within a plant (Ibbotson and Kennedy 1950). Kennedy
(1958) stated that the apex leaves, as sites of protein
synthesis, and the oldest leaves which were undergoing
leaf proteolysis, were frequently preferred sites for aphid
attack because of high soluble nitrogen levels. This hy-
pothesis has been supported by observations on the dis-
tribution of the green peach aphid (GPA), Myzus persicae
(Sulzer), and the cabbage aphid, Brevicoryne brassicae
(L.), on a vaziety of host plants. Analysis of the distri-
bution of GPA on sugar beets, spindle trees, and brus-
sels sprouts has determined that GPA prefers the youngest
and oldest leaves {(Kennedy et al. 1950, van Emden
1966, Dunn and Kempton 1971). B. brassicae appar-
ently prefers the young leaves of Brassicae species {(van
Emden 1966, Dunn and Kempton 1971}, However, other
researchers have observed that within-plant distribution
of B. brassicae changes with host age; infestations can
shift to the oldest leaves as plants age (Petherbridge and
Mellor 1936, George 1957).

Therefore, one objective of the research presented here
was to determine the within-plant distributions of GPA
and B. brassicae on their common host, broccoli, Bras-
sicae oleracea L. (Botrytis group), and to document the
influence of host-physiological development on popu-
lation distribution. A second objective was to investigate
sampling procedures suitable for estimation of aphid
populations, Hughes (1963} developed a sampling pro-
gram for B. brassicae on kale based on occurrence of
instars within a population, but this technique required
separation of each instar in the laboratory and would not
be suitable for rapid estimation of field populations, Way
{1968) determined that percentage of apterous B. bras-
sicae was correlated with the log number of aphids in
an individual aggregate but did not relate this informa-
tion to estimates of aphid density per plant. Practical
sampling plans for GPA on sugar beets have been re-
ported (Sylvester and Cox 1961, Tamaki et al. 1973,
Tamaki and Weiss 1979, Whalon and Smilowitz 1979),
but neither these plans nor any of the previous sampling
techniques attempted to estimate field populations of a
complex of aphid species in a series of crops.

‘Received for publication 7 July 1981.

Materials and Methods

Experimental data were collected from three sucees-
sive 0.4-ha plantings of ‘De Cicco’ broccoli at the Uni-
versity of California’s South Coast Field Station, Santa
Ana, during 1980 and 1981. The broccoli crops were
direct-seeded on 22 August 1980 {planting 1), 11 No-
vember 1980 (planting 2), and 20 February 1981 (plant-
ing 3). Bach planting was sprinkle-irrigated until
emergence and was furrow-irrigated thereafter. Row
centers were 0.76 m apart in planting 1, and 1.0 m apant
in plantings 2 and 3. Plants were thirned to 20 to 25
cmon 9 and 10 September, 15 December, and 26 March
for plantings 1, 2, and 3, respectively.

Aphid counts were made on broccoli plants from thin-
ning until head formation. This time period is critical,
because aphid populations must be controlled before head
formation, since low-volume pesticide application from
airplanes will rot penetrate broccoli heads and insect
contamination of the harvested commedity will result.
Table 1 gives sample numbers and dates. Weekly counts
of alatae and apterae were made from the upper and
lower surfaces of ali leaves. Total aphids on the young-
est (>1.0 cm® leaf area), highest (mature), and oldest
leaves were recorded separately. Plants were selected by
using a stratified-randorn techaique from untreated plots
located randomly throughout the field. Each plot was 6
rows wide and 20 m long; counts were made from the
inside four rows. At least 5 m of untreated broccoli
separated each plot, and a buffer of at least 7 m of
broceoli and 10 m of bare earth surrounded the entire
test area to help reduce any *‘edge effect”’ or influence
of wind breaks as reported by Lewis (1969). On each
sampling date, except 9 September, aphid species were
recorded separately from six plots (n = 60 plants) to
determine the within-plant distribution of key aphid spe-
cies. On 9 September, only 45 plants from three repli-
cates were examined.

Bacillus thuringiensis Berliner (Dipel, 16.03 BUT/
kg) was applied at 1.12 kg/ha as required to reduce
damage caused by lepidopteran larvae during the pre-
heading stage. Applications were made on 12, 19, and
26 September, 2 January, and 3, 10, and 30 March.
Treatments were applied with a tractor-mounted row crop
sprayer with 1 to 5 hollow cone nozzles per row, de-
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Statistical Analysis

Means and SD listed in Table 1 were calculated bj
the Proc Means procedure of Statistical Analysis Sys-
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FiG. 2. —Effect of plant development on the colonization of
the youngest, highest, and oldest leaves of broccoli plants by
B. brassicae in three successive plantiags in Orange County,
Calif. Ordinate values are based on total aphid population per
plant. A, B, and C refer to fail, winter, and spring plantings,
respectively. (Asterisks refer to sampling dates where fewer
than 25 B. brassicae were found.)

wems (SAS) (Helwig and Council 1979). Comparisons
of aphid counts from upper and lower leaf surfaces were
made by Student’s ¢ test at the P < 0.05 level. Coef-
ficients of deterrnination (R®) shown in Table 2 were
computed with the Proc GLM procedure of SAS; whole
plants were independent variables, and leaf subsample
counts were dependent variables.

Results and Discussion
Distribution of Key Aphid Species

GPA and B. brassicae were the primary aphid species
ccewrring on broceoli throughout this study. Hyadaphis
erysimi (Kaltenbach) and Macrosiphum euphorbiae
{Thomas) were occasionally fourd at low population
levels but were of minor importance. Alatae of M. am-
brosiae (Thomas), Schizaphis graminum (Rondani), and
Aphis spiraecola Patch were infrequently encountered,
and since broccoli is not a host for these species, they
were not inciuded in the analysis.
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Figure 1 shows the distribution of GPA on broccoli
at different stages of physiological development. The
separation of aphids by leaf choice was minimal on the
first samnple dates in plantings 1 and 2 when plants had
fewer than five leaves (X = 4.9 + 0.1 and 4.6 = 0.2,
respectively), and developmental differences between
leaves were minor. Planting 3 was thinned when plants
had ca. 6 leaves (x == 5.8 % 0.1) and GPA had already
begun to segregate by leaf preference. In all plantings,
a greater proportion of the population was located on
the oldest leaf as compared to the highest and youngest
leaves. This information concurs with that of Dunn and
Kempton (1971) on the colonization of brussels sprouts
by GPA in England, However, when attacking broceoli,
GPA generally preferred the highest leaves over the
youngest leaves. This is in contrast to the observations
of Kennedy et al. (1950) where GPA colonized the young
leaves of spindle trees and sugar beets in preference to
the mature leaves.

The distributior of 8. brassicae was substantially dif-
ferentfrom that of GPA (Fig. 2). B. brassicae preferred
the youngest and highest leaves over the oldest leaf,
which was frequently uncolonized. As plant height in-
creased, the proportion of the population found on the
youngest, highest, and oldest leaf per plant decreased
rapidly for B. brassicae and more slowly for GPA. A
comparison of Fig. | and 2 shows that GPA colonized
broccoli faster than B. brassicae in two of the three
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plantings, Similar cbservations were reported by Dunn
and Kempton {1971).

Distribution of the Aphid Complex

The distribution of all aphids, regardless of species,
on upper and lower surfaces of broceoli leaves for plant-
ings 1 to 3 have been presented in Table 1. In plantings
 and 3, the total numbers of aphids on the lower leaf
surface were significantly greater {P << 0.05) than the
numbers observed on the upper leaf surfaces. The only
exception occurred on 26 March, when aphid counts
were low, and statistical separation was not possible. in
both of these crops, GPA was the most abundant spe-
cies, except on 26 March, when B. brassicae predom-
inated. Aphid densities were generally low and sample
variation was high from 15 to 29 December in planting
2, and significant differences were not apparent between
upper and lower leaf surfaces. On sampling dates in
planting 2 where total aphids per plant were highest (5
to 19 January), B. brassicae was the dominant species;
no significant differences in ieaf surface preference were
found. These observations suggest a preference for the
lower leaf surfaces by GPA and either a nonpreference
for leaf surface or an upper surface preference by B.
brassicae.

Comparisons of leaf choice between the youngest,
highest, and oldest leaves in all plantings indicated that,
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when GPA was dominant, the majority of aphids cc-
curred on the oldest leaf. When B. brassicae was prev-
alent, this distribution was not as clear; during the last
three samples in planting 2, the youngest leaf contained
a higher proportion of the total aphid population than
either the oidest or highest leaves. Aphid density on the
highest leaf was variable but was generally intermediate
between the youngest and oldest leaves. These data sup-
port the observations of Dunn and Kempton (1971) and
van Emden (1966) on distributions of GPA and B. bras-
sicae but do not substantiate the records of Petherbridge
and Mellor (1936) and George (1957) regarding B. bras-
sicae distributions changing with host age. However,
the latter authors were observing a system with a single
aphid species, and the presence of GPA in this study
may have altered B. brassicae distributions in relation
to host 4ge through competition or behavioral responses.
Mutual avoidance was not apparent in this study, since
both B. brassicae and GPA readily colonized young,
axial leaves and the leaves of new shoots at the bage of
the broceoli plant.

Sampling Aphid Populations

Aphid population estimates in broccoli and other cole
crops are useful for several purposes. Estimates of aphid
density per plant can be related-to yield to establish
economic injury levels or to determine the need for im-
plementing control procedures. Information presented in
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Table 2 indicates that aphid density per plant in broccoli
can be sampled efficiently by using leaf subsamples as
compared with time-consuming whole-plant counts. In
plantings 1 and 3, when GPA was the dominant species,
aphid counts from the oldest leaf per plant were predic-
tive indicators of total aphid populations per plant (©* =
0.95 to 0.97). Aphid counts from the highest leaf per
plant also appeared to have predictive value in planting
3 (1* = 0.93), but since this relationship was not as clear
in planting 1, the usefulness may vary with the ratio of
B. brassicae to GPA.. Therefore, the oldest leaf per plant
would be the preferred subsample for estimating total
aphid populations when GPA is the dominant species,
During planting 2, when B. brassicae predominated,
aphid numbers on the youngest leaf per plant covaried
with aphid density per plant and could be used to predict
aphid infestation (r* = 0.91).

Population estimates of the two key species of aphids
occurring on broccoli are desirable, because GPA is a
major vector for many viral diseases of plants in the
genus Brassica (Broadbent 1954, van Emden et al. 1969)
and B. brassicae is the primary insect contaminant of
broceoli heads (Kennedy and Oatman 1976). The values
presented in Table 2 may be predictively useful, since
either B. brassicae or GPA predominated in ¢ach plant-
ing, but estimates would be biased because all aphid
species were included in the analysis.
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Although no atternpt was made in this study to predict
field populations of specific species, the information
presented in Fig. 3 to 8 provides the basis for species
specific sampling plans. In all plantings, a higher per-
centage of plants had GPA infestations on the oldest leaf
rather than on the highest or youngest leaves (Fig. 3 to
5). Thus, when oldest leaves are sampled, fewer plants
need to be examined to determine the extent of an in-
festation within a reasonable error. Similarly, estimation
of B. brassicae populations would be facilitated by mon-
itoring the youngest or highest leaves on broccoli (Fig.
6 to 8). A lack of physiological differentiation between
leaves when broccoli plants were small (four to five
leaves) was probably responsible for the reduced leaf
preference exhibited by GPA and B. brassicae when
infesting young plants. Therefore, whole-plant surveys
for aphid species on small plants wounld be more accurate
and only stightly more tirme-consuming than subsam-
pling specific leaves,
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