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ABSTRACT

Parasitization of eggs of imported cabbageworm, Pieris
rapae (L.), and cabbage looper, Trichoplusia ni (Hub-
ner) , was studied on successive cabba~e plantings in
Orange County, California, from April 1963 through Octo-
ber 1967 by collecting eggs from field plants and holding
them individually in the laboratory for larval or parasite
emergence. Trichogramma evanescens Westwood, ob-
tained from Europe, was rf'leased in study plots during
1965, 1966, and 1967 for establishment on imported cab-
bageworm eggs. Host eggs were collected during 4 periods,
April 1963 to April 1965; August 24 to October 26, 1965;
August 30 to December 2, 1966; and June 6 to November
14. 1967. The number collected dUting each pcriod varied
from 834 to 3313. Of the imported cabbageworm eggs
collected, 0, 0, 2.9, and 17.8%, respectively, were para-
sitized; ]2.4, 10.2, ]8.9, and 18.9% failed to hatch or pro·
duce parasites; and 87.6, 89.8. 78.8, and 66.7% hatched.
Of the cabbage looper eggs collected 7.8, 15.8, ]8.5, and
40.6%, respectively, were parasitized; 4.8, 4.6, and 4.7% of
eggs collected during the 1st, 3rd, and 4th periods, re-
spectively, failed to hatch or produce parasites; and 87.7,

To be most effective, biological and/or integrated
control programs should be based on extensive studies
of the ecology and natural control of arthropod species
affecting the crop, especially the principal pest species.
Since 1963, such ecological studies have been con-
ducted annually in southern California on several of
the more economically important vegetable crops
which were considered amenable to such control
measures and which appeared to offer the best pos-
sibility of success. Results to date have generally
verified the soundness of this approach (Oatman and
1\1cMurtry 1965, Oatman et al. 1967) .

Early studies of cruciferous crops in 2 coastal areas
revealed that parasitization of eggs of lepidopterous
pests, or lack of it, was an important factor in popu-
lation regulation by natural enemies from April 1963
to April 1965 (Oatman 1966). In the Escondido area
of San Diego County, parasitization of eggs of im-
ported cabbageworm, Pieris rapae (L.), and cabbage
looper, TrichoPlusia ni (Hubner), by Trichogramma
pretiosum Riley" averaged only 0.4 and 0.9% annually,
with peaks of 3 and 60/0, respectively, in August. In
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77.7, and 56.6% of those collected during the same periods
hatched. Only T. evanescens was reared from the im·
ported cabbageworm eggs in 1966 and 1967. Prior to 1967.
only T. pretioSllrn Riley was reared from the cabbage
looper eggs, whereas in 1967 both T. evanescens and T.
prcliosllm was obtained. Parasitization of imported cab·
bageworm eggs by T. evanescens increased from 0 on
September 16 to 21.1% on October 4, 1966. and 73.9%
on August 8, 1967. Cabbage looper eggs were parasitized
by this species in 1967. Parasitization of cabbage looper
eggs (73.8%) by T. pretiosulIl reached its highest peak
on October 10, 1967. The number of T. pretiosurn
averaged 2.3 per cabbage looper egg in ]966 and ]967.
The number of T. evanescells averaged 2.3 and 2.5 per
imported cabbageworm egg in 1966 and 1967, respectively.
and 1.9 per cabbage looper egg in 1967. The male:female
sex ratio for T. preliosllm and T. evanescens reared from
cabbage looper eggs was 1:1.97 and 1:2.27, respectively, in
1967. That for T. ellanescens on imported cabbageworm
eggs was 1:1.96 in 1966 and 1:2.32 in 1967.

the £1 Toro area of Orange County, parasitized im-
ported cabbageworm eggs were never found during a
2-year study (unpublished), although parasitization
of cabbage looper egg's by T. pretiosum averaged 80/0
annually, with peaks of 26 and 35% occurring during
October. Lack of parasitization of imported cabbage-
worm eggs in the El Toro area and low incidence at
Escondido made this species a prime target for the
introduction of T. evanescens Westwood, a common
parasite of Pieris spp. in the Palearctic region, into
southern California.

The results of continued investigations of the para-
sitization of imported cabbageworm and cabbage
looper eggs on cabbage and the progress achieved in
attempts to establish T. evanescens for biological con-
trol of the former pest form the basis of this report.

METHODSANDMATERIALs.-On February 4, 1963, 8
rows about 300 ft long (approx Ys acre) were planted
with Round Dutch cabbage seed on the University of
California's South Coast Field Station near El Toro
in Orange County. About 2 months later, 8 more
rows were planted adjacent to the 1st planting. and
a 3rd planting was similarly established 2 months
later. By this time the 1st planting was mature and
was disced under as soon as seedlings from the 3rd
planting had emerged. By using this method, a con-
tinuous cruciferous environment (about J,4 acre at
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any 1 time) has been maintained with its accompany-
ing biotic community under semi natural conditions
for the area. Planting cultivation, irrigation, and
other cultural practices were done by Station per-
sonnel in accordance with local recommendation for
commercial cabbage production, except that pesti-
cides were never applied.

I~rom April 1963 through March 1965, 25 plants
were examined at weekly intervals by taking plants
at random from each of the 6 inside rows in a diago-
nally criss-crossing pattern extending the length of
the field. Each plant was carefully examined for all
stages of each insect species present by removing and
inspecting 1 leaf at a time from the time the plants
were old enough to sample (primary leaves present)
until maturity of the cabbage heads. By this time
young plants in the next planting were also being
sampled. In this way, 12 successive plantings were
surveyed during the 2-year period. Lepidopterous
eggs, thus collected, were separated to apparent spe-
cies in the laboratory and held for emergence of
larvae and/or parasites.

During 1965, 1966, and 1967, imported cabbage-
worm and cabbage looper eggs were collected pri-
marily during August, September, and October, when
their populations are highest. Random collections of
eggs were made from 1 or both plantings, but never
from a planting where the plants were either too
young or too old. Where possible, at least 100 eggs of
each species were collected at weekly intervals.

The eggs were removed from plants in the field by
taking a small piece of the leaf to which they were
attached and placing them in a pint ice cream carton.
The eggs were transported to the laboratory in a cold
chest, where they wer,e placed in a refrigerator at 40°F
until they could be separated and placed individually
in y.\-dr glass shell vials, usually within a few hours
after arrival. Where possible, a piece of leaf was left
attached to the egg. and the vial was then plugged
with cotton and left at room temperature (approx
72°F) until emergence of a larva or parasite. After

all emergence had occurred, the number of hatched
and unhatched eggs, parasitized eggs, the number of
parasites which emerged from each parasitized egg.
and the sex of each parasite were determined by ex-
amining the contents of each vial under a binocular
microscope.

Stock cultures of T. evanescens were obtained from
Switzerland in July 1965 and from Poland and France
in August] 966 for coloniza tion of eggs of the imported
cabbageworm. Those from Switzerland were received
directly into the Department of Biological Control's
quarantine facility at the University of California at
Riverside. Upon release from quarantine, 51 adult
T. evanescens were released directly in the cabbage
plantings at the South Coast Field Station, with 17
each being released on July 23, August 27, and Sep-
tember 7, 1965. The T. evanescens cultures from
Poland and France were 1st received at the USDA,
Agriculture Research Service, Entomology Research
Division, Insect Identification and Parasite Introduc-
tion Research Branch quarantine facility at Moores-
town, N. J., before being forwarded to Riverside.
Those from France arrived via the same organization's
Biological Control of Insects Research Laboratory at
Columbia, Missouri.

After being released from quarantine in late Au-
gust of 1966, the T. evanescens cultures from Poland
and France were propagated in the insectary on cab-
bage looper eggs. During September, approximately
40,300 adults from the Polish stock were released in
the cabbage plantings at the South Coast Field Station.
The stock from France was maintained in the insect-
ary on cabbage looper eggs until 1967, when approxi-
mately 32,000 were released in June and 34,000 in
July, for a total of about 66,000. Six releases were
made, averaging 1 every 9 days. Releases in 1966 and
1967 were made using sections of paper toweling
bearing parasitized cabbage looper eggs whidl had
turned dark following parasitization by T. evanescens.
These egg sheets were placed inside pint ice cream
cartons covered with a wire-screen mesh. permitting

Table I.-Fate of cabbage looper and imported cabbageworm eggs collected from cabbage plants in southern Cali.
fornia from April 1963 through Mareh 1965.

Percent eggs (avg)
Total eggs

Unhatchedb Parasitized.' dcollected" Hatched

Collee- Imported Imported Imported Imported
tion Cabbage cabbage· Cabbage cabbage- Cabbage cabbage- Cabbage cabbage-
month looper worm looper worm looper worm looper worm

January 17 12 94.1 83.3 0 16.7 5.9 0
February 10 30 100.0 86.7 0 13.3 0 0
March 47 62 89.4 87.1 10.6 12.9 0 0
April 23 6 82.6 100.0 17.4 0 0 0
May 15 3 93.3 100.0 6.7 0 0 0
June 26 35 92.3 80.0 7.7 20.0 0 0
July 54 226 87.0 95.6 3.7 4.4 9.6 0
August IlO 808 95.5 86.3 2.7 13.7 1.9 0
September 325 362 92.3 87.1 5.5 12.9 2.3 0
October 353 222 83.8 86.9 3.9 13.1 12.7 ()

November 185 135 81.1 88.1 3.8 11.9 15.7 0
December 66 188 86.4 86.2 4.5 13.8 9.5 0-- - -Totals 1231 2089 Avg 87.7 87.6 4.8 12.4 7.8 0

• From 25 plants sampled at weekly intervals from 12 sucressive plantings during 2-year period.
b Neither larvae nor parasites emerged; egg usually collapsed.
C Parasitized eggs yielded only Trichogramma pretioSt,m.
d Unhatched eggs were not included in total collected when calculating percent parasitization.
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Table 2.-Fate of imported cabbageworm eggs coUected
from cabbage plants in southern California in 1965.

CoUec- Total
Percent eggs

tion eggs Un- Para-
dates coUected Hatched hatched" sitized

Aug. 24 100 97.0 3.0 0
31 100 92.0 8.0 0

Sept. 7 100 97.0 3.0 0
14 94 94.7 5.3 0
21 100 81.0 19.0 0
28 103 88.3 11.7 0

Oct. 5 103 88.3 11.7 0
12 121 90.9 9.1 0
19 113 88.5 11.5 0
26 46 69.6 30.4 0

- -
Totals 980 Avg 89.8 10.2 0

• Neither larvae nOT parasites emerged; egg usually collapsed.

the parasites to escape but preventing predation of
the parasitized eggs. These containers were placed
under cabbage plants in the more mature of the 2
plantings.

RESULTSANDDISCUSSION.-During the 2-year ecologi-
cal study of insect populations affecting cabbage at
El Toro, Calif., between April 1963 and 1965, 1231
cabbage looper and 2089 imported cabbage worm eggs
were collected. Of these, an average of 87.7 and

Table 3.-Fate of cabbage looper eggs collected from
cabbage plants in southern California in 1966.

87.6% hatched; 4.8 and 12.4% were unhatched; and
7.8 and 0.0% were parasitized, respectively (Table 1) .
The highest number of cabbag'e looper eggs were col-
lected in October and the highest number of imported
cabbageworm eggs in August. Mortality of cabba~e
looper eggs caused by natural factors was highest dur-
ing November, when only 8Ll % of the eggs yielded
larvae. Most of the mortality was due to parasitiza-
tion by Trichogramma which reached a peak of
15.7%. None of the eggs collected from February ]
through June were parasitized (Table 1). Percent
mortality of the imported cabbageworm eggs re-
mained relatively constant from August through
March with no mortality occurring in April and May.
None of the eggs were parasitized, although parasiti-
zation of the cabbage looper eggs on the same plants
occurred from July through January (Table 1) . Simi-
lar studies near Escondido in San Diego County re-
vealed parasitization of the eggs of both species on
cabbage by Trichogramma although the percentage
averaged less than I% annually (Oatman 1966) .

Of 980 imported cabbageworm eggs collected from
cabbage at EI Toro between August 24 and October
26, 1965, an average of 89.8% hatched, 10.2% were
unhatched, and none were parasitized (Table 2).
The highest mortality of the eggs (30.4%) occurred
October 26_ Of 834 cabbage looper eggs collected
along with the imported cabbageworm eggs, 15.8%
were parasitized, with parasitization being the highest
September 14 at 39.0%. Although 51 T. evanescens

Table 4.-Fate of imported cabbageworm eggs collected
from cabbage plants in southern California in 1966.

Percent eggs
Total
eggs Un- Parasit-

CoUec- collected Hatched hatched" izedc. d

tion
dates Old" New· Old New Old New Old New

CoUec-
tion
dates

Percent cggs
Total
eggs Un- Parasit-

collected Hatched hatched" izedc, d

Old" New· Old New Old New Old New

Aug. 30
Sept. 6"

13
20
23
27
30"

Oct. 4
7

11
14
18
21
25
28

Nov. 4
11
18

Dec. 2

Sub totals
Total

Sub avg
Avg

100 74.0 9.0 18.7 Aug. 30 100 83.0 17.0 0
100 87.0 2.0 11.2 Sept. 6" 100 97.0 3.0 0
98 54.1 7.1 41.8 13 100 73.0 27.0 0
97 61.9 5.2 34.8 16 96 72.9 27.1 0
96 64.6 4.2 32.6 20 100 80.0 19.0 1.2

109 56.0 5.5 40.8 23 100 70.0 22.0 10.3
106 67.0 4.7 29.7 27 104 65.4 31.7 4.2
110 53 75.5 86.8 0.9 5.7 23.9 8.0 30" 109 63.3 32.1 6.8
109 105 75.2 85.7 3.7 4.8 21.9 10.0 Oct. 4 55 60 54.5 75.0 30.9 18.3 21.1 8.2

108 87.0 2.8 10.5 7 53 117 73.6 89.7 17.0 6.0 11.4 4.5
29 105 58.6 86.7 10.3 4.8 34.6 9.0 11 120 95.0 5.0 0

113 86.7 9.7 3.9 14 39 58 64.1 82.8 35.9 17.2 0 0
99 75.8 8.1 17.6 18 74 73.0 27.0 0
82 89.0 0 11.0 21 58 87.9 ]2.1 0

110 99.1 0 0.9 25 93 83.9 16.1 0
125 87.2 4.0 9.2 28 54 87.0 13.0 0
57 87.7 3.5 9.1 Nov. 11 25 96.0 4.0 0
5 100.0 0 0 18 30 83.3 16.7 0
3 66.7 33.3 0 Dec. 2 17 82.4 17.6 0

-----
954 965 Sub totals 956 706

1919 Total 1662
68.1 87.3 4.8 4.5 28.4 8.7 Sub avg 73.6 85.7 23.2 ]3.0 4.1 1.5

77.7 4.6 18.5 Avg 78.8 18.9 2.9

" Maturity of old planting (planted June 2) necessitated egg sur·
vey changeover to new planting (planted Aug. 18).

b Neither larvae nor parasite emerged; egg usually collapsed.
e Parasitized eggs yielded only Trichogramma pretiosum.
d Unhatched eggs were not mcluded in total collected when cal-

culating percent parasitization.
"Approximately 40,300 T. ""eneSCe'j$ were released in old plant-

ing between Sept. 6 and 30.

• Maturity of old planting (planted June 22) necessitated egg
survey changeover to new planting (planted Aug. ]8).

b Neither larvae nor parasites emerged; egg usually collapsed.
C Parasitized eggs yielded only Trichogramrna ""alleseens.
d Unhatched eggs were not included in total collected when cal-

culating percent parasitization.
• Approximately 40,300 T. eVaneSCenS were released in old plant-

ing between Sept. 6 and 30.
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Table 5.-Fate of cabbage looper eggs collected from cabbage plants in successive plantings in southern California
in 1967.

•
Percent eggs

Total eggs
Hatched Unhatchedb Parasitized •. •Collec- collected

lion
dates Aa B' C' A B C A B C A B C

July 3" 4 100 0 0
6 24 62.5 8.3 31.8

11 II 72.7 9.1 20.0
18 2 100 0 0
25· I 100 0 0

Aug. 8 33 78.8 0 21.2
15 8 48 87.5 43.8 0 4.2 J2.5 54.3
22 68 54.4 5.9 42.2
29 103 44.7 1.9 54.5

Sept. 5 126 55.6 3.2 42.6
]2 122 37.7 6.6 59.7
]9 115 38.2 5.2 59.6
26 137 56.9 8.8 37.6

On. 3 100 130 60.0 63.1 5.0 6.2 36.8 32.8
10 107 127 25.2 49.6 3.7 7.1 73.8 '16.6]7 93 139 64.5 59.7 1.1 2.2 34.8 38.9
24 ]23 76.4 3.2 21.03] 139 82.7 3.6 14.2

Nov. 7 98 59.2 3.1 39.0
14 5] 66.7 13.7 22.7--Total ]909 Avg 56.6 4.7 40.6

• ~Iaturit}' of plantin!(-A (planted Apr. 25) necessitated egg SUTvey chan!(eover to planting-ll (planted June 27) and simi]arly from
II to C (planted AUK. 23).

b Neither larvae nor parasites emerged; eg~s lIsually collapsed.
e Parasitized eggs yielded either T1'ichogramma fJreliosum or T. evaneSCfllS.
d Unhatched CR'gs were not illcluded in total collected when calculating percent parasitization.
r Approximately 66,000 T. evanescell$ were released in planting-A between June 9. and July 25.

adults were released in the plantings between July 23
and September 7, no parasitized imported cabbage-
worm egg's were found, and all the parasites reared
from parasitized cabbage looper eggs were T. pre-
tiosum.

In 1966, 1919 cabbage looper and 1662 imported
cabbageworm eggs were collected from 2 successive
cabbage plantings between August 30 and December
2, of which an average of 77.7 and 78.870 hatched, 4.6
and 18.9% were unhatched, and 18.5 and 2.970 were
parasitized, respectively (Tables 3 and 4). The per-
centage of eggs hatching for both species was higher
when collected from the young plants in the new
(later) planting when a changeover from the old to
the new planting was dictated because of maturity of
the cabbage heads in the old planting. The number
of unhatched imported cabbageworm eggs decreased
considerably following the dlangeover, whereas with
cabbag'e looper the difference was not so great (Tables
3, 4). Parasitization of cabbage looper eggs averaged
18.5% with 1 peak of 41.870 occurring on Septem-
ber 13 and a 2nd of 40.870 on the 27th, decreasing
thereafter to 070 by November 18 (Table 3). The
changeover from the old to new planting revealed
that a considerably lower percentage of cabbage
looper eggs were parasitized thereon at the time of
tlIe change. All parasites reared were T. pretiosum.

Three weeks after the 1st T. evanescens were re-
leased in 1966, the 1st parasitized imported cabbage-
worm eg'g was collected (Table 4). By October 4,
21.1')'0 of the eggs were parasitized, with parasitization
decreasing thereafter to 070 3 weeks after the last T.
cvanescens adults were released, remaining at 070 for
the rest of the study. The data thus indicate that the

T. evanescens released in 1966 did not continue to
reproduce in the field. As with the cabbage looper
the percentage of parasitization was less on the new
planting when the dlange was made. All parasites
emerging from the imported cabbageworm eggs were
T. evan escens.

In 1967, 1909 cabbage looper and 3313 imported
cabbageworm eggs were collected from successive cab-
bag'e plantings between June 6 and November 14.
Of these, an average of 56.6 and 66.770 hatched, 4.7
and 18.970 were unhatched, and 40.6 and 17.8% were
parasitized, respectively (Tables 5, 6). As in 1966,
the changeover in sampling eggs from the old to the
new planting was accompanied by an increase in the
number of eggs hatching, concurrently with a de-
crease in the number of unhatched and parasitized
eggs. Ag"ain this was most evident for imported cab-
bageworm.

Parasitization of the cabbage looper eggs reached
59.7 and 59.6% on September 12 and 19, respectively,
then declined to 36.870 by October 3 before reaching
a peak of 73.870 on October 10 (Table 5) . The data
indicate that discrete generations of Trichogramma
occurred during late fall compared with overlapping
generations earlier since the October 10 and Novem-
ber 7 peaks were well defined. When the study was
discontinued November 14, the number of parasitized
cabbage looper eggs was still relatively high at 22.770,
with a rather substantial increase in the percentage
of unhatched eggs. Both T. pretiosurn and T. evanes-
cens were reared from the cabbage looper eg~"s.

'Vi thin II days after the 1st release of T. evanes-
cens adults was made, imported cabbageworm eggs
were being parasitized, reaching a peak of 73.970 on
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Table 6.-Fate of imported cabbageworm eggs collected from cabbage plants in successive plantings in southern
California in 1967.

.
Percent eggs

Total eggs -------~-
Collec- collected Hatched Unhatchedb Parasitized" d

lion -.--- ..--
dates A' B" C, A B C A B C A B C

June 6" 125 91.2 8.8 0
13 118 79.7 20.3 0
20 156 82.7 16.7 0.8
27 218 74.3 20.2 6.9

July 3 194 65.5 14.4 23.5
II 214 76.6 14.0 10.9
18 216 44.4 25.9 40.0
25" 102 112 72.5 92.9 19.6 7.1 9.8 0

Aug. I 108 112 38.0 88.4 13.9 1I.6 55.9 0
8 102 110 23.5 87.3 9.8 10.9 73.9 2.0

15 91 108 27.5 74.1 13.2 5.6 68.4 21.6
22 128 69.5 11.7 21.2
29 149 56.4 21.5 28.2

Sept. 5 135 56.3 23.0 26.9
12 175 48.6 37.1 22.7
19 125 46.4 40.8 21.6
26 93 65.6 26.9 10.3

Oct. 3 19 78 36.8 70.5 57.9 28.2 12.5 1.8
10 29 93 65.5 75.3 34.5 24.7 0 0
17 9 100 66.7 83.0 33.3 17.0 0 0
24 53 94.3 5.7 0
31 7 71.4 28.6 0

Nov. 7 6 83.3 16.7 0
14 28 96.4 3.6 0-- -TOlal 3313 Avg 66.7 18.9 17.8

"Maturity of planting-A (planted Apr. 25), necessitated egg survey changeover to planting.B (planted June 27) and similarly fromB to C (planted Aug. 23).
b Neither larvae nor parasites emerged; eggs usually collapsed.
C J'arasitized eggs yielded only J·richogramma evanescens.
d Unhatched eggs were not included in total (oUectedwhen calculating percent parasitization.
• Approximately66,000 T. evanescells were released in planting-A betweenJune 9, and July 25.

Aug'ust 8 and then steadily declining thereafter to 0%
by October 10 (Table 6). Since the last T. evanescens
were released on July 27, the species was apparently
temporarily established and parasitizing the eggs of
both pest species through September. Only T. eva-
nescens was recovered from parasitized imported cab-
bageworm eggs. As in 1966, the last parasitized eggs
were collected during the 1st week in October.

The number of unhatched cabbage looper and im-
ported cabbageworm eggs in the 1967 study closely
paralleled that recorded during 1966, averaging 4.6%
for cabbage looper in 1966 and 4.7% in 1967, with
the highest percentage of unhatched eggs occurring
in the last sample collected for both years (Tables 3,
5) . The number of imported cabbageworm unhatched
eggs averaged 18.9% for both years, with the highest
percentage being recorded at 35.9 on October 14 and
57.9 on October 3 in 1966 and 1967, respectively
(Tables 4, 6) .

To determine if handling of the imported cabbage-
worm eggs during experimental procedures resulted
in appreciable mortality, in September of 1967, 25
eggs were carefully collected in the field, with each
egg attached to a section of leaf ~nd then placed i?-
dividually in vials without touchmg the egg and III

such a way that the eggs could not come in contact
with the container. When the eggs were examined I
week later, 40% were unhatched, having collapsed in-
wardly in an upright position. Forty-one percent of
100 imported cabbageworm eggs collected and han-

dIed normally on the same date were unhatched, of
which 80.5% had collapsed inwardly in an upright
position still attached to the leaf. The results indi-
cate that mortality of the eggs caused by handling
was insignificant. Therefore, the unhatdled eggs
were probably either infertile or were destroyed by
predators with piercing-sucking-type mouth parts. If
the former were the principal cause, approximately
equal numbers of unhatdled eggs would be expected
to occur in samples collected from both old and new
plantings on any 1 given date, but such was not the
case (Tables 4, 6). Since the number of unhatched
eggs was always highest in the older planting, espe-
cially toward maturity of the cabbage heads when the
arthropod fauna is highest, predators were probably
primarily responsible. Also, since the fauna in new
plantings is low early, increasing with growth of the
plants, egg predation there would be correspondingly
low and would increase similarly. Although preda-
tion of the cabbage looper eggs probably does occur,
especially during late September and early October,
it apparently was not a major factor in egg mortality
(Tables 3, 5). The rather abrupt increase in the
number of unhatched cabbage looper eggs late in the
year was probably due to factors related to the in-
creasingly cold, rainy weather which occurs in the
area during this time.

In 1966, 686 T. pretiosum adults emerged from 295
parasi tized cabbage looper eggs collected from cab-
bage between September 6 and November 11 for an
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Table '.-Number and sex ratio of Trichogramma spp. reared from parasitized cabbage looper and imported cabbage·
worm eggs collected from cabbage plants in southern California.

No. host eggs with
Host indicated no. Trichogramma

Trichogramlllajegg
Sex ratioNo. Avgno.

Species eggs Parasite 2 3 4 5 6 Total host egg d':'i?

1966 study
Cabbage looper 295 T. pretiosum 23 158 III 2 0 I 686 2.3
Imported cabbageworm 29 T. evanescens 4 13 10 2 0 0 68 2.3 1:1.96

1967 study
Cabbage looper 524 T. pretiosum 33 290 198 3 0 0 1219 2.3 I: 1.97

IlO T. evanescens 22 80 8 0 0 0 206 1.9 1:2.27
Imported cabbageworm 200 T. evanescens 15 71 105 9 0 0 508 2.5 1:2.32

a\'erag-e of 2.3jegg (Table 7). In 1967, 1219 adults
emerged from 524 parasitized eggs collected between
August 15 and October 31 for an average of 2.3{egg.
During this same period, 110 cabbage looper eggs
yielded 206 T. evanescens adults for an average of
1.9{egg. The male:female sex ratio was I: 1.97 and
I :2.27 for T. pretiosum and T. evanescens, respectively.

In 1966, 68 T. evanescens adults emerged from 29
parasitized imported cabbageworm eggs collected from
cabbage between September 27 and October 7 for an
average of 2.3jegg, compared with an average of 2.5
T. evanescens which emerged from 200 eggs collected
between June 20 and August 15 in 1967 (Table 7).
The male:female sex ratio was I: 1.96 in 1966 com-
pared with I :2.32 in the 1967 study.

Except for I egg collected in 1966, which yielded 6
adults, the number of T. pretiosurn emerging from
parasitized cabbage looper eggs ranged from I to 4.
The number of T. evanescens emerging from para-
sitized imported cabbageworm eggs also ranged from
I to 4-. However, the range in the number of T. eva-
nescens emerging from parasitized cabbage looper
eggs in 1967 was only from I to 3, accounting for the
low average of 1.9{egg (Table 7) .

Although released primarily for parasitization of
imported cabbageworm eggs, the T. evanescens adults
also started parasitizing cabbage looper eggs early in
the summer of 1967, so by the time the egg popula-
tion was sufficiently high to obtain adequate samples,
65% of the cabbage looper eggs were being parasitized
by T. evanescens (Table 8). By August 29, 79.2% of
the parasitized eggs yielded T. evanescens (43.6%
parasitization) decreasing thereafter to October 3,
when 100% of the parasitized eggs yielded only T.
pretiost/m. During this time, the average number of
T. evanescens emerging from each cabbage looper egg
decreased from 2.1 on August 15 to 1.6 by September
26, when the last T. evanescens was recorded. Concur-
rently, the male:female sex ratio dropped from 1:3.50
to 1:0.60. AltllOugh replaced by T. pretiosum on cab-
bage looper eggs, competition between the 2 species
of Trichogramma apparently was not solely respon-
sible, since T. evanescens also disappeared almost
simultaneously from the imported cabbageworm popu-
lation, and T. pretiosum has never been reared from
P. rapae eggs in the El Toro area.

Although the reason (s) for the disappearance of
T. evanescens from the cabbage plantings after hav-
ing colonized on both the imported cabbageworm and
cabbage looper egg populations are not known, the

increase in parasitism of eggs of the former pest spe-
cies from 0 to 73.9% indicates me possibility of sup-
pressing imported cabbageworm populations on cab·
bage by weekly mass releases of T. evanescens from
June through August. Whether T. evanescens has
been established on imported cabbageworm in soum-
ern California will be determined in next year's stud-
ies in the absence of additional releases.

In addition to increasing the percent parasitization
of imported cabbageworm eggs from 0 to 74%, para-
sitization of me cabbage looper eggs was increased
from former highs of 41.8 and 40.80/0 on September
13 and 27, respectively, in 1966 to 59.7 and 59.60/0 on
September 19 and 26, respectively, by the T. evanes-
cens released in 1967. Although there is no immedi-
ate apparent correlation wim the fact mat 2 species
of Trichogramma were involved instead of I, the high
of 73.8% parasitization of cabbage looper eggs by T.
pretiosum on October 10 was the highest and latest
peak ever recorded by the senior author for this pest
on cabbage in southern California. Prior to release,
field populations of cabbage looper eggs were foreign
to T. evanescens, since it does not occur in Europe
where the parasite is native. Acceptance of this host

Table 8.-Percentage of cabbage looper eggs parasitized
by T. pretiosum and T. evanescens on cabbage in southern
California in 1967.

Percent yielding

Collection No. T. T.
date eggs· pretiosum evanescens"

Aug. 15 20 35.0 65.0
22 20 40.0 60.0
29 48 20.8 79.2

Sept. 5 47 51.1 48.9
12 66 89.4 10.6
19 62 80.6 ]9.4
26 45 88.9 Il.l

Oct. 3 72 100.0 0.0
10 130 100.0 0.0
17 82 100.0 0.0
24 25 100.0 0.0
31 19 100.0 0.0

Total 636
Avg 82.7 17.3

• Collectedfrom cabbage.
b Approximately66,000 releasedbetweenJune I and July 31.
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was probably due to its having been reared and mass
produced on cabbage looper eggs in the insectary
since receiving it from France in August 1966. Never-
theless, the presence of the eggs of 2 host species in-
creases the possibility of eventual successful establish-
ment of T. evanescens, especially since high popula-
tions of cabbage looper occur on cabbage later in the
year than imported cabbageworm. However, even if
T. evanescens does not become established, the 1967
data indicate that mass releases of the parasite might
also result in suppression of cabbage looper popula-
tions, thus reducing 2 of the major pest problems on
cruciferous crops in southern California.
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Relationship of the Green Peach Aphidl to Incidence and Severity
of Lettuce Mosaic2

,3

R. W. BRUBAKER; D. L. COUDRIET; and P_ D. KEENER'

ABSTRACT
Lettuce plants in large field cages were infested at 5

different stages of growth with green peaeh aphids, Myzus
persicae (Sulzer), that were viruliferous from feeding on
lettuee plants infected with lettuce mosaic virus. Infesta-

By spreading lettuce mosaic virus, the green peach
aphid, J\lIyzus jJe1'Sicae (Su]zer), can be an important
deterrent in the production of the spring crop of
head lettuce in the southwestern United States. Losses
can occur throughout the growing season, and dis-
eased shipments are rejected at market terminals. Al-
though the virus can be seed borne, the signicant
spread through a field is presently caused by aphids
(Aphididae), because seed dealers can now furnish a
mosaic-tested or indexed product guaranteed to have
less than 0.1 % infected seed. SUdl disease-free seed
has helped greatly by preventing numerous centers of
infection from which the aphids can spread the virus.
However, the green peach aphid is still a problem be-
cause a few mosaic-infected plants are usually found
in lettuce fields, and weed hosts of both the aphid
and the virus exist in and adjacent to the fields.

Dickson and Laird (1959) tested 10 species of
aphids that commonly br~ed on .lett~ce or on plants
dose]y related to lettuce III Cahforma. They found
that the green peach aphid; the lettuce seed stem
aphid ACYl'thosiphon barri ~ssig; and the potato
-aphid, Macl'osiphum euphol:bwe (Thoma.s), were the
3 most efficient vectors. SlIlce heavy {lights of the
green peach aphid frequently infest spring'-crop ]et-
tuce in the Salt River Valley of Arizona, data show-
ing the actual effect of mosaic-infective aphids on the
crop at different stages of growth were con~idere~
desirable. After unsuccessful attempts to obtam thiS
information in open field plots, tests were conducted

1 Hemiptera: Aphididae.. . _.
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tions on young plants (with as many as 3-4 true leaves)
produced severe symptoms of disease and marked reduc-
tion in yield, but injury was progressively less when the
plants were infested at later stages of development.

inside large cages. Results of the 1961 experiment
with field cages and other improved techniques are
reported here, to emphasize the necessity for the
grower to use the best seed obtainable and to control
both weeds and aphids, especially while the lettuce
crop is young and most vulnerable to damage from
mosaic.

PROCEDURES.- The source of the lettuce mosaic virus
used in our study was a field-grown lettuce plant.
The virus was isolated and identified in the plant
pathology laboratory at the University of Arizona,
and the supply of virus was maintained by transfer-
ring viruliferous apterous aphids from time to time
to a succession of new lettuce plants grown from
mosaic-free or indexed seed. At first, the viruliferous
aphids were taken from the field-grown source plant;
later they were obtained from potted plants showing
definit~ symptoms of mosaic virus. Thus, a supply of
fresh 1Il0CUlUIll was always available. The gTeen
peach aphids used for acquisition and transmission of
the virus came from virus-free colonies maintained on
caged radish plants in the laboratory.

Five larg'e cages (10X24X6 ft) screened with
Saran® were placed over plots on the :Mesa Experi-
mental Farm of the University of Arizona after the
lettuce was planted, but before it came up. Plantings
were arranged in six 2-row beds of lettuce 10ft long,
and eadl bed was considered a plot. The 6 treat-
ments were replicated 5 times in randomized blocks,
and each block or replication was covered by ] of
the large cages (Fig. I). For treatments ]-5, plants
at 5 different stages of growth were infested by a
g"il'en number of the infective aphids. Treatment 6
was an uninfested check.

The lettuce under the large cages was thinned to
15 plants/plot, and the 1st treatment was applied
when most plants were in the late cotyledon to the
1st true-leaf stage. The day before the 1st treatment,
large numbers of apterous green peach aphids were


