Chemical and biological control are regarded as two main methods
of suppressing insects and spider mites. These two methods are
often thought of as alternatives in pest control. This is not necessarily so, for with adequate knowledge they can be made to augment one another.
Biological control is part of the permanent natural control
of population density. Chemical controls involve only immediate
and temporary decimation of localized populations and do not
contribute to natural control. Natural control may keep a pest
species from ever reaching the economic-injury level or it may
permit economic outbreaks. The frequency of these pest outbreaks varies from a regular to an occasional occurrence depending
upon the level of the general equilibrium position in relation to
the economic injury level and the types of fluctuations about the
general equflibrhim position.
Integrated control combines and integrates biological and chemical controls. Chemical control is used as necessary and in a manner
which is least disruptive to biological control. Integrated control
may make use of naturally occurring biological control as well
as modified or introduced biological control. Thought must be
given to the biological control of not only the primary pest under
consideration but also other potential pests.
Integrated control is most successful when sound economic
thresholds have been established, rapid sampling methods have
been devised, and selective insecticides are available. In some situations, the development of integrated control requires the augmentation of biological control through the introduction of
additional natural enemies or modification of the environment.
Integrated control of the spotted alfalfa aphid has been achieved
in California. Economic thresholds were established so that insecticides are applied only when damage is imminent. Native predators, introduced parasites, and entomogenous fungi now keep the
spotted-alfalfa-aphid populations below the economic threshold
for most of the year. When population counts in the individual
field clearly demonstrate that a field is threatened, Systox is applied at low dosages. These chemical treatments give adequate
control, but do not necessarily eradicate the aphids. Most of the
predators and parasites survive and persist on the remaining aphids.
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of the spotted alfalfa aphid, Therioaphis maculât a
(Buckton), in northern California during 1955,1956, and 1957 have revealed
that native predators play significant roles in governing the density of this
a^lr'd (Dickson, Laird, and Pesho, 1955; Stern, van den Bosch, and Born,
1958 ; van den Bosch et al., 19-59&; Smith and Hagen, 1956 ; Hagen and Smith,
1958). Throughout California these predators, along with entomophorous
fungi, imported parasites, and physical factors of the environment, retain
the spotted-alfalfa-aphid populations below the economic threshold during
most of the alfalfa-growing season. At certain times of the year, the physical
factors are the most important; at other times or within the same period
at different localities any one of the biotic agents may be the most significant
controlling factor; on other occasions, any or all combinations may be in
volved. Sometimes, or in certain alfalfa fields, the environmental conditions
may be such that none of the regulating factors operate efficiently, and the
aphid population rapidly increases to economic levels.
This study of the effect of insecticidal treatments on the native predators
was started in the early spring, 1956, and was restricted to the central and
northern parts of California. In 1956 and 1957 the introduced aphid para
sites Praon palitans Muesebeck and Trioxys utilis Muesebeck had not yet
become established over the entire area covered by this study (van den
Bosch, 1956, 1957; van den Bosch et al., 1959α). Thus even though the
population fluctuations of the aphid and its natural predators were followed
throughout the two years (1956-1957) in 40 commercial alfalfa-hay fields,
in only 3 of these fields did the introduced hymenopterous parasites reach
significant abundance during the study period. This paper is therefore essen
tially a report of the effects of insecticidal treatments on natural predators
in a selected group of the 40 fields. A more detailed analysis of natural
control in each of the 40 fields is in preparation.
ECOLOGICAL STUDIES

INSECTICIDE APPLICATIONS AND
POPULATION COUNTS
The study areas, which were scattered over the central portion of California,
were established to obtain ecological data under the variety of climatic
conditions which prevail there. Each study area was approximately 3 acres
and located in a commercial alfalfa-hay field operated under normal cultural
practices. All decisions concerning irrigation, fertilization, harvesting, and
insect-control procedures were made by the farmer without special reference
to any requirements of the investigation. Thus these study areas were not
controlled experimental plots.
The aphid population trends were followed by the canister-count method
first developed by Gray and Schuh (1941) for pea aphid, Macrosiphum pis1'
(Kaltenbach), on peas. In each study area on each sampling day, 4 to 8
1
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Fig. 1. Spotted-alfalfa-aphid and predator population trends in an alfalfa field near
Cressey, Merced County, 1956. The dated vertical guide lines indicate cutting times. Stippled
area represents the economic threshold for spotted alfalfa aphid. Predators include coc
cinellid adults (solid b a r ) , coccinellid larvae (open b a r ) , and other potential aphid preda
tors (cross-hatched b a r ) .
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samples of 25 stems each were collected. The aphids were shaken from the
stems in the canisters and brought into the laboratory for counting. Although
all species of aphids were counted, only the data for Therioaphis maculata
are presented here.
The predator populations were followed by the sweep-net method. In each
study area on each sampling day ten ten-sweep samples were taken. All preda
tors were identified and tallied in the field as they came from the net.
The chemicals used and the time of application were decisions of the
grower and were, with one exception, applied in a normal commercial man
ner either by the farmer or by commercial operators. The exception was
the Selma field: here, in addition to the grower's commercial practice, a
special schedule of treatments was carried out by the local farm advisor.
A P H I D A N D PREDATOR POPULATIONS
For the graphs in this paper, predators are grouped into three categories,
the first two of which are coccinellid adults and larvae respectively. Hippodamia convergens Guérin and H. quinquesignata punctulata LeConte were
the dominant species. H. sinuata sinuata Mulsant, H. parenthesis (Say),
Coccinella novemnotata franciscana Casey, and, occasionally, other species,
were important in some areas. The third predator category comprises a
complex of species including larvae of Chrysopa plorabunda Fitch, adults
and nymphs of Nabis ferus (Linnaeus), Geocoris pollens Stâl, G. punctipes
(Say), G. atricolor Montandon, and larvae of aphidophagous syrphids. Other
predators and insects were recorded but are not reported here.
In interpreting the aphid population trends, it must be remembered that
occasionally the time intervals between samples were not short enough to
reflect completely the rapid population changes. In general, insecticidal
treatments or the harvesting of the alfalfa hay immediately reduced the
aphid populations to low levels. Where such effects would create confusion
in the interpretation of the graphs, the connecting lines are omitted and
the inferred direction of the population change is indicated by an arrow.
W i t h N o Insecticidal Treatments
Cressey. The usual pattern of relation between the spotted alfalfa aphid
and its coccinellid predators in the San Joaquín Valley is shown by the
situation in a field near Cressey, Merced County, in 1956 (fig. 1). During
the first cutting period, a brood of coccinellid larvae developed on a moderate
population of pea aphids (not shown on the graph). These beetles, in com
bination with Entomophthora fungus disease, reduced the aphid popula
tions to low levels at the end of the first cutting period (May 12). During
the second cutting period the aphid populations were held at low levels
by the newly emerging and immigrating adult Coccinellidae. At this time
there were not sufficient aphids present for the coccinellids to reproduce
significantly. In the absence of significant numbers of aphidophagous pre
dators or other population depressants, the spotted-alfalfa-aphid popula
tions rose rapidly during the latter half of the third cutting period. The
maximum recorded population count during this period was 98 aphids per
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stem immediately before harvest (July 27). When the field was cut the
aphid population dropped to a very low level.
Recovering from the effects of cutting, the spotted-alfalfa-aphid popula
tion in the Cressey study area again rose rapidly, in the absence of sig
nificant number of predators, to a level of 153 aphids per stem immediately
before harvest of the fourth cutting. Again, after this cutting, the popula
tions dropped to a low level.
Centerville. A very similar situation prevailed in the study area on Trim
mer Springs Eoad near Centerville, Fresno County, in 1956 (fig. 2). During
the latter half of March a flight of coccinellid adults entered this study
area when the combined pea aphid and spotted-alfalfa-aphid populations
were approximately 15 per stem. All coccinellid species reproduced and
contributed significantly to the reduction in aphid abundance. During the
second cutting period, the adult coccinellid population averaged over 1 per
sweep and on June 6 the maximum combined aphid population was 1.5
aphids per stem. Hippodamia convergens and H. quinquesignata punctulata
are not able to reproduce on this low population of aphids. On the other
hand, H. parenthesis and H. sinuata sinuata, which together made up about
one fourth of the coccinellids in this field, did reproduce to a limited extent.
The larvae and adults of these two species, the few remaining adults of
H. quinquesignata punctulata and large populations of Nabis ferus and
Geocoris, which had developed on a high Lygus population, combined to
hold the aphid populations at a low level until July 5. Following a reduc
tion in their abundance after the harvest of the previous crop, the spottedalfalfa-aphid population rapidly increased in the fourth cutting period on
the new plant growth, when predators were nearly absent. A level of 104
aphids per stem was reached on August 29. The reduction in the aphid
population in the latter part of this period was the result of a fungus
epizootic combined with prédation by lady beetles and syrphid flies, which
moved into the study area from other fields.
Effects of Cutting. In many instances the effect on the aphid population
of cutting the alfalfa is comparable to a chemical treatment or heavy para
sitism or prédation. Immediately after the mowing, the cut hay dries, rapidly
eliminating the abundant food source; only a scattered number of green
leaves or new alfalfa shoots are available at the base of the plants for the
aphids. Furthermore, soil surface temperatures in harvested alfalfa fields
often exceed the upper limit for aphid survival. The aphids that are able
to find leaves or shade at the base of the plants are concentrated in so small
an area that predator efficiency is markedly increased. But it should be
mentioned that aphid populations often reach damaging numbers many
days prior to the normal cutting date. Therefore, only in special instances
can a cutting be used as a means of economically controlling the populations.
W i t h a Fixed Insecticidal Schedule: Selma
During the 1956 growing season, a study was conducted near Selma to
determine the effects of grower treatments and an indiscriminate fixed spray
schedule on native predators and yields of alfalfa.
In this experiment four plots were treated according to a fixed schedule,
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Fig. 4. Spotted-alfalfa-aphid and predator population trends in an alfalfa field near
Selma, Fresno County, 1956. Insecticidal treatments applied by ground rig on basis of a
fixed schedule. Symbols as in fig. 1.
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All Coccinellidae

* Three fixed-schedule plots,
t Four grower-treatment plots.

5.0
1.9
2.5

Adults

7.6

0.6
2.5
4.2
11.7

5.6
3.9
1.9

Adults

5.3

2.5
2.5
0.3

Larvae

June 20

1.1

0
0
1.1

Adults

0

0
0
0

Larvae

June 28

12.5

4.6
5.6
1.9

Adults

57.5

12.7
19.2
22.7

3.3

0.4
1.0
1.7

Adults

0
0
0.8
0.8

20.8
17.9
30.4
69.5

11.3
6.7
2.3
20.5

Larvae

Adults

June 28
Larvae

June 20

Areas not treated June 21 f

Larvae

June 13

Coccinellidae per hundred sweeps

A R E A S ; SELMA, 1956

Areas treated on June 21*

Larvae

June 13

Hippodamia convergería
Hippodamia quinquesignata
Hippodamia parenthesis

Coccinellid species
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without regard to the existing insect populations ; three other plots received
the grower's normal treatment program, in which the first appearance of
honeydew was the signal to treat. Each experimental plot was approximately
1.7 acres, and each treatment was applied by a ground sprayer at the rate
of 11 ounces of actual malathion per acre.
Population trends, treatments, and the resultant effects of the sprays on
aphid predators from a plot of each of the two types of schedule are shown
in figures 3 and 4. The grower's program (see table 2) involved no treat
ments in the first two cutting periods, one (June 30) in the third period;
two (July 31 and August 8, grower treatment A in table 2) in some parts
of the field and none (grower treatment B, table 2) in other parts of the
field in the fourth period; and three (August 21, 30, and September 19)
in the fifth. The fixed schedule involved no treatment in the first cutting
period, one in the second period (May 16), two in the third (June 21 and
July 5), three in the fourth (July 23, July 31, and August 7), and three
in the fifth (August 21, August 29, and September 12).
Populations during Second and Third Cutting Period. In the plots sub
jected to the fixed schedule, the lady-beetle population (approximately 0.4
adult and 0.3 larva per sweep) was eliminated by the first treatment on
May 16 (fig. 4). In addition, this treatment appeared to affect the lady-beetle
populations in plots not treated at this time (fig. 3), as there was some
movement of the coccinellids from plot to plot within the field. In the treated
plots, the lady-beetle population started to increase again by immigration
(fig. 4) in the early part of the third cutting period, and apparently had
begun to reduce the aphid infestation when another treatment was applied
on June 21. No lady beetles were taken in this plot for the remainder of
the growing season. The impact of the malathion treatment of June 21 on
coccinellids is shown in table 1. This table is based on the data from the
seven plots in the study area rather than the single plots represented in
figures 3 and 4. Prior to the June 21 treatment there was a much higher ladybeetle population in the grower-treatment plots than in the fixed-schedule
plots. This is a reflection of the May 16 application in the latter plots,
which reduced both aphids and coccinellids (fig. 4). The combined pea-aphid
and spotted-alfalfa-aphid population in the untreated plots averaged 0.6
aphid per stem on May 24, 2.1 on May 30, and 10.0 on June 7. This relatively
low aphid population provided sufficient food for coccinellid reproduction.
By contrast, fixed-schedule plots, which received the May 16 application,
had 0.3 aphid per stem on May 24, 0.9 on May 30, and 4.0 on June 7, and
little coccinellid reproduction. The low numbers of lady-beetle larvae present
in the untreated plots on June 28 resulted largely from pupation.
The first insecticide application by the grower on June 30 eliminated the
moderate population of lady beetles which had up to that time kept the
spotted-alfalfa-aphid population at a low level (fig. 3). In July and August
the only predators remaining in this area in significant numbers were Nabis
and Geocoris, which had developed mainly on a population of Lygus.
Populations during Fourth Cutting Period. During the fourth cutting
period, the aphid populations remained at low levels until the second week
of August, when large numbers of alate spotted alfalfa aphids flew into

TABLE 2

Grower treatment A
Grower treatment B
Fixed schedule

Treatment

June 30, July 31, Aug. 8, 21, 30, Sept. 19
June 30, Aug. 21, 30, Sept. 19
May 16, June 21, July 5, 23, 31, Aug. 7, 21, 29, Sept. 12

Treatment dates

2.18
2.31
2.19

II

1.84
1.93
1.68

III

1.46
1.71
1.56

IV
1.18
1.20
1.17

Yield, tons per acre, in
cuttings II to V

132
102
82

154
200
72

III

348
197
84

IV
935
562
352

Total aphid-days in cutting
periods II to V

Y I E L D P E E ACEE AND TOTAL A P H I D - D A Y S ON T H E SECOND TO F I F T H C U T T I N G S ; SELMA, 1956
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the study area. The outside margins were infested first and in some plots
aphid-infestation levels were as high as 134 aphids per stem on August 7.
The two marginal plots were treated on August 8, for there were no preda
tors to check further population increase. The plot represented in figure 3
was in the interior of the study area and received no treatments during
the fourth cutting period. Due to the differential flight into the field, in this
untreated plot the aphid population level did not reach its peak (57.7 aphids
per stem) until August 14. In the plots receiving three treatments (fig. 4)
in the fourth cutting period, the aphid population averaged 21.3 per stem
on August 14.
Populations during Fifth Cutting Period. After the cutting of the fourth
crop on August 15, the study area could not be treated again until the
bales of alfalfa had been removed. During this period the aphid popula
tions increased rapidly in the absence of predators. In the plots which were
not treated in the fourth cutting period, the spotted-alfalfa-aphid infestation
level rose as high as 166 aphids per stem. In these plots, the growth of
the fifth crop was markedly delayed.
By the end of the fifth cutting period, heavy spider-mite infestations had
developed in all plots receiving the fixed-schedule treatment. In some parts
of these plots the mite infestations caused serious defoliation or heavy leaf
damage on the lower halves of the plants. In other parts of the study area,
mites, though present, did not occur in damaging numbers.
Insect Injury. The small difference in aphid populations as a result of the
two types of treatments during the second and third cutting periods did
not affect yields. This emphasizes the futility of "insurance" treatments not
based on insect populations or of treatments applied according to a fixed
schedule not based on aphid abundance. In the second cutting period, the
cumulated aphid-days (one aphid-day equals one aphid per stem per day)
were 117 in the plots with no treatment and 82 in the plots receiving the
May 16 treatment. The yield was 2.24 tons per acre in the former and 2.19
in the latter. In the third period the cumulated aphid-days were 177 in
the plots with no treatment and 72 in the plots receiving the June 21 and
July 5 treatments. The yield was 1.88 tons per acre in the untreated plots
and 1.68 tons per acre in the plots receiving two treatments of malathion in
the third cutting period.
At the time of harvest, alfalfa in the plots treated once during the fourth
cutting period on August 8 (grower treatment A, table 2) was slightly sticky
with honeydew and there was slight sooty mold on the bottom 10 inches of
growth. Alfalfa in the plots receiving no treatment during the fourth cut
ting (grower treatment B, table 2) had light honeydew on the lower leaves
and some leaf injury from lepidopterous larvae [Prodenia praefica Grote
and Loxostege sticticalis (Linnaeus)]. The fixed-schedule plots showed no
spotted alfalfa-aphid honeydew or caterpillar injury, but light spider-mite
damage was appearing in some plots. These pest levels were not correlated
with yields (table 2) or protein content of the cured hay.
In summary, the aphid-population differences between plots receiving
excessive treatments and those receiving the grower's treatment schedule
were not of economic significance.
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With Nonselective Insecticides
Selma. As has been demonstrated in a companion paper (Stern and van
den Bosch, 1959) when nonselective insecticides, such as malathion or parathion, are used to lower threatening aphid populations, most of the enemies
of the aphids are also eliminated. The work of Stern and van den Bosch
is supported by the evidence in the Selma study area, where the use of
malathion eliminated practically all lady beetles from the field (table 1,
figs. 3 and 4). The surviving predators were almost entirely Geocoris and
Nabis. These predaceous bugs had developed on a heavy lygus-bug popu
lation and when the alfalfa growth was short they were significant in
helping to keep the aphid population low. When a large number of aphids
flew into the field about the second week of August, however, they were
not able to prevent the increase of the aphids to economic levels. In spite of
three malathion treatments in the fourth cutting period, the aphid popu
lation increased rapidly in mid-August.
Treatment with a nonselective insecticide does not necessarily provoke
an immediate resurgence of the aphid population. If the insecticidal treat
ment has been thorough and adequate and the aphid population is nonresistant, resurgence may not occur until the population has had an op
portunity to complete two or three generations. More often resurgence
occurs when there is a heavy immigration of winged aphids into the field
from neighboring fields. These adults, in the absence of biotic checks, can
quickly increase the aphid population to economic levels.
Oxalis. Under certain environmental conditions, resurgence may not occur
because the plant growth in such alfalfa fields is unsatisfactory for the
aphids. The situation illustrated in figure 5 is an example of such a field.
During late July, 1956, the populations of Therioaphis in this field had been
reduced to low levels by hot, dry conditions. Irrigation had been delayed
and on 8 out of 15 days from July 11 to July 25 the maximum air tem
perature was 95°F or higher. The alfalfa was cut early on August 17 to
reduce a threatening infestation of lepidopterous larvae (Colias philodice
eurytheme Boisduval and Prodenia praefica). The first irrigation of the fifth
cutting period was delayed until September 3. With the renewal of growth
following irrigation, and the arrival of a moderate flight of aphids into the
field the aphid population started to increase. A treatment for Colias and
Therioaphis with 4 ounces of parathion per acre on September 20 eliminated
the moderate population of predators which had started to develop. The
aphid population did not rebound because of the lack of a significant flight
into the field and the unfavorable plant conditions. In late September and
early October the plants were woody and overmature, with most of the
lower leaves gone. The length of this cutting period was 62 days.
The following year, in this same field, two malathion treatments were
applied during July and August (fig. 6). During the third cutting period
the spotted-alfalfa-aphid population rose to a level of 80 per stem on July
3. During the previous 2 weeks a population of approximately one coccinellid adult per sweep had been present. This population of beetles was not
large enough to cope with a flight of approximately 0.8 alate per stem into
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Fig. 6. Spotted-alfalfa-aphid and predator population trends in an alfalfa field near
Oxalis, Fresno County, 1957, before and after treatments with a nonseleetive insecticide
(malathion). Symbols as in fig. 1.
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the field. The coccinellids were able to reproduce and on July 4, 97 per
cent of the females were gravid. A treatment with malathion on July 8,
eliminated all of these coccinellid adults and any larvae which hatched
later.
In the following cutting period, the field was not irrigated until July 31.
New growth followed this irrigation, after which a flight of alate aphids
averaging about 1 per stem moved into the field and in the presence of very
few predators rapidly produced an economic infestation; thus, another
treatment was necessary in mid-August. In September the aphid popula
tion again rose rapidly.
Additional effects of nonselective treatments are shown in figure 12.
W i t h Selective Insecticides
Patterson. Up to August 5, 1957, the spotted-alfalfa-aphid population
had remained low in the Patterson field (fig. 7). The maximum count had
been 15.5 spotted alfalfa aphids per stem on July 3. These low infestation
levels largely resulted from the activity of coccinellids. During the third
cutting period, in late July and early August, the coccinellid populations
dropped to very low levels, ranging from 0 to 3 adults per 100 sweeps.
In early August a large flight of alate Therioaphis moved into the field
and, with predators nearly absent, the aphid population increased to high
levels. However, as the time of harvest was near, the crop was mowed. The
high aphid population that developed late in the third cutting period and
on the new growth of the fourth crop caused moderate damage and some
stickiness from the honeydew. The population was eliminated by a treat
ment with 1 ounce of Systox per acre on August 20. This treatment did
not seriously affect a small population of Coccinellidae which were present
in the field after the August 12 cutting. This population of coccinellids
reproduced and were able to keep the spotted-alfalfa-aphid population
from causing economic damage during the entire fourth cutting period. In
combination with the effects of the September 18 cutting and a moderate
population of Chrysopa larvae (0.2 per sweep), these lady beetles reduced
the aphid population to low levels and it remained low for the rest of the
year.
Hanford. In a Hanford field during the growth of the crop which was
harvested on July 20, 1957, the spotted-alfalfa-aphid population reached
a high level of 291 aphids per stem in the study area. A population of
Hippodamia convergens and H. quinqué signât a punctulata of approxi
mately 1.8 larvae per sweep reduced this high population of aphids to 14
per stem on July 24 and to 1.6 per stem on July 30 (fig. 8). After the
pupation of the very even brood of coccinellid larvae and a moderate
flight of alate spotted alfalfa aphids into the area, the aphid population
again began to increase. On the basis of higher populations in other por
tions of the field, the grower treated the entire field with 2 ounces of Systox
per acre. This selective treatment did not upset the natural control in the
study area, and the aphid population was held low for the remainder of
the year by a combination of predators and the aphidiine parasite, Praon
palitans Muesebeck. On September 18, the estimated parasitization was 43
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Fig. 7. Spotted-alfalfa-aphid and predator population trends in an alfalfa field near
Patterson, Stanislaus County, 1957. Insecticida! treatment applied by air by commercial
pest-control operator. Symbols as in fig. 1.
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Fig. 8. Spotted-alfalfa-aphid and predator population trends in an alfalfa field near
Hanford, Kings County, 1957. Insecticidal treatment applied by air by commercial pestcontrol operator. Symbols as in fig. ] .

[Vol. 29, No. 2

Hilgardia

148

SEP1

OCT1

NOV1

Fig. 9. Spotted-alfalfa-aphid and predator population trends 1 in an alfalfa field near
Westley, Stanislaus County, 1957. Insecticidal treatment applied by air by commercial
pest-control operator. Symbols as in fig. 1.

October, 1959]

Smith-Hagen:

Impact of Commercial Insecticide

Treatments

149

SHANDON

Π »

AUG1

SEP1

I

OCTi

Fig. 10. Spotted-alfalfa-aphid and predator population trends in an alfalfa field near
Shandon, San Luis Obispo County, 1957. Delayed insecticida! treatment applied by air by
commercial pest-control operator. Symbols as in fig. 1.
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Fig. 12. Spotted-alfalfa-aphid and predator population trends in an alfalfa field near
Dos Palos, Merced County, 1957. Symbols as in fig. 1.

152

Hilgardia

[Vol. 29, No. 2

per cent. On the same date the predators were represented by 6 lady-beetle
adults, 112 Nabis ferns, and 2 Geocoris per 100 sweeps.
Westley. In mid-August, 1957, a large number of alate spotted alfalfa
aphids moved into a Westley field. The moderate predator population re
sponded to this invasion but was not able to cope with the rapid rate of
increase of the aphid. A selective treatment with 1 ounce of Systox per acre
on August 27 reduced the population of 42 aphids per stem to low levels
(fig. 9). The number of predators sampled in the study area declined tem
porarily because of the low number of aphids and pupation of larvae. The
predators increased slightly during the remainder of the cutting period.
General observation in the field indicated that Chrysopa larvae were espe
cially important here, but this was not adequately shown by the sweep
counts. Apparently these larvae were more abundant in the lower parts of
the plants, which were not sampled by the sweeps. Although predators were
not high in September they were able to slow the rate of increase of the
aphids and to increase themselves so that by October they dominated the
situation and prevented the Therioaphis population from causing serious
economic damage.
Shandon. In mid-August, 1957, after movement of alates into the study
area, the spotted-alfalfa-aphid population started to increase (fig. 10). The
moderate lady-beetle population responded to this increase and on August
28 reached a level of 21 adults and 47 larvae per 100 sweeps. These coccinellids were not able to prevent the aphid increase to a level of 121 per
stem at harvest time (August 30). However, combined with the effects of
the mowing of the crop, the coccinellid larvae, with the searching area
reduced to the alfalfa stubble, were able to bring about a rapid decline in
the aphid population. Unfortunately the grower, not realizing that the
aphids were being eliminated in the stubble, made an unnecessary insecticidal treatment. Systox at 2 ounces per acre was applied by air on Sep
tember 13. It is of special significance that this treatment did not disrupt
the natural enemies present. Lady-beetle populations present in the field
after the treatment held the aphid population low for the remainder of
the season.
Dos Palos. During the fifth cutting period (fig. 11) this field was treated
on September 8 by air with 10 ounces of malathion. This treatment was
applied to eliminate a population of 19.5 spotted alfalfa aphids per stem;
but it also eliminated a coccinellid population of 0.2 adult and 1.1 larvae
per sweep. The adult coccinellids shown in the September 12 count were
newly emerged beetles which soon disappeared, probably because the aphids
had been eliminated.
After the harvest on September 19, the spotted-alfalfa-aphid population
rose rapidly to treatment levels. In contrast to the malathion treatment in
the previous cutting period, the use of 1 ounce of Systox favored biological
control. Soon after the treatment, lady beetles moved into the area from other
fields and held the population at a low level for the remainder of the season.
The use of a selective insecticide will not be as spectacular in its effects
on the aphid population as in the cases cited above if biotic agents are not
present to continue the suppression of the pest population. The situation
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in this field during July, August, and September, 1957 (fig. 12) illustrates
this point. In this field on July 23, a nonselective treatment with malathion
eliminated a coccinellid population of 2.4 adults and 0.5 larva per sweep.
The other predators were largely Ndbis and were not seriously affected.
In mid-August the spotted-alfalfa-aphid population again rose rapidly, and
on August 21 the field was treated with 1% ounces of Systox per acre. A
population of 0.1 lady-beetle adult per sweep was able to survive and re
produce after this treatment. However, the resultant brood of coccinellid
larvae of about 1 per sweep was not able to cope with the large flight of
alates which moved into the field on about September 1. The field was treated
with malathion and again the coccinellids were eliminated. In the follow
ing cutting period the aphid population rose rapidly after the harvest of
the crop. (Compare with figs. 7, 8, and 9).

CONCLUSIONS
In the Central Valley of California, native aphid predators are significant
factors in holding populations of the spotted alfalfa aphid below economic
levels for much of the growing season (figs. 1 and 2). In other alfalfagrowing areas they are capable of holding the aphid populations below eco
nomic levels throughout the year. The Coccinellidae, especially the genus
Hippodamia, are the most important of these predators, although species
of Chrysopa, Ndbis, Geocoris, and larvae of certain syrphid species may be
important at certain times in some fields.
Insecticidal treatments are necessary to keep the spotted-alfalfa-aphid
populations below economic levels during the times of the year when biologi
cal control is inadequate. Such necessary insecticidal treatments should be
designed to throw the balance back in favor of the biological control. Insecti
cides if used unwisely will eliminate the predators present in a field and
thus will often produce a situation which requires repeated treatments.
Treatment by schedule without reference to the insect populations (fig.
4) is particularly hazardous. Such treatment schedules bring on the de
velopment of resistant strains of insects and can cause increases in other
pests. At the same time there is no evidence that such attempts to hold the
spotted alfalfa aphid at very low population levels produce profitable in
creases in the yield or quality of hay.
Treatments with nonselective materials such as malathion and parathion
eliminate or drastically inhibit the natural control, but this use does not
always result in an immediate resurgence of the spotted-alfalfa-aphid
populations. Where such treatments have been properly applied and the
aphid populations reduced to low levels, the populations, in the absence of
heavy flights of alates, recover slowly. If, on the other hand, there are heavy
flights of alates into the field, the population will, in the absence of natural
control, increase rapidly to high levels. In some instances where plant growth
conditions are unsatisfactory, rapid resurgence will not occur under any
circumstances.
Treatments with selective insecticides such as Systox will, in general,
by preserving natural enemies, have the effect of throwing the balance
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back in favor of the natural enemies. Such selective treatments should be
applied whenever the aphid population reaches the economic threshold,
regardless of the existing status of natural enemies in the fields. The use
of a selective insecticide will not, however, insure any longer-lasting con
trol of the aphids than a nonselective material if no natural enemies are
present.
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