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Technical Bulletin No. 74l - November 1940

 UNITED STAYES
BEPARTMENT OF AGRICULTURE
WASHINGTON, D. .

Three Species of the Genus Lygus and
Their Relation to Alfalfa Seed Produc-
tion in Southern Arizona and California’

By Loy T. Brrrr, junior enlomologist, Divisien of Cerenl and Forage Insert
Insestigations, Bureaw of Entomoloqy and Plant Ouarantine ®
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INTRODUCTION

fri the alfalfa seed-producing areas of Arizona and Californiz three
species of Lygus have been present, namely, L. hesperus Knight, L.
elipus ¥Ven Duzee, and L. pratensis oblineaius (Say)? but not until
reéentlEFhave these insects been considered as pesis in alfalfa seed

production.  Damage has occurred in varying desrees in different
fighls every vear since 1934, when the investigations were begun to
dgernpne the injury that Lygus docs to the alialfa seed, to study the
PR Y . u
netivitysof the bugs under field conditions, and te find out what fac-
tgrsifpany, could be used in cultural control. The information
tained indicates certain lines of in vestigation which may lead to
the control of Lysus bugs as pests of the alfalfa seed crop.  The results
presented herein were obtained during the 4 vears ending with 1937,
except where a few items from the work of 1938 were used,

+ Submitred for publication April 15, 1540,

* Thz autlor's theoks are dua o V. L. Wildermuth, senior entemologlsil. fn charge nf the Tempe, Arir.,
laboratory of the Buresu of Entomology antl Plant Queranune, onder whoss mnmrediate supervision the
nrojeck wans condiicted, for his Interest. eonsiruetive suggestions, &l eriticisnis: to Robert 1. Peebles, of
the Bureau of Flant Industry lsboratory st Sacatan, Ariz., for determining the host plants and for the
photograph of the alfalfa seedls: amd to the atinlfa growers who coopergled] in gronting the use of their Nelds

for the investicaticns.
2 Qrder Hemiptern, famity Miridae,
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Alfalfa is one of the main crops grown in southern Arizona and
southern California, and the crop is grown both for Torage and for
seed. These bugs have damaged the floral parts and the young seeds
of the alfalfa plants sufficiently to causc failures of the seed crop in
some of the fields under observation. In the alfalfa seed fields one
o1 two hay crops are harvested before the alfalfs is “turned” to seed,
as the individual grower clects. The first sced crop is usually har-
vested in July and the second late in September and in Qctober,
When only the first seed crop is produced, the alfalfa produces hay or
pasture in the fall, but sometimes a December hay crop is harvested
when a two-sced crop system is practiced, Irrigetion was used in
all the areas covered by this investigation.

The production of seed in the more arid regions of the United
States, such as in the Rocky Mountains and the Great Plains, is more
stable and continuous than in the more humid regions such as the
North Central States. In the humid regions alfalfa usually produces
satisfactory seed crops only during very dry, warm periods.

The fields studied in detail were in the Salt River, Buckeye, Yuma,
and Mohawk Valleys of Arizona, and the Bard area of Culilornia, all
of which are important alfalfa seed-producing areas.

Investizations have been begun recently by workers of the Bureau
of Lntomnlwv and Plant Quamntlno to find out more about the
interrelation of the moverzents of Lygus among sugar beets, cotion,
and alfalfa, but enough progress has not been made thus far for a
report on this stn(ly_ There are indications, however. that con-
stderable movemenis of Lygus from alfalfa to cotlon occur when the
alfalfa is maturing just prior to the harvesting of the seed crop.

Insecticidal control of hemipterous insecis on cotton has given
satisfactory results * according to Cassidy and Barber (f) .8

THE SPECIES OF LYGUS AND THEIR DISTRIBUTION

Species of Lygus have been swept from alfzlfa in all the alfalfa
seed-growing areas as well as the more important hay-producing areas
of the Southwest. The seed areas examined were as follows: Yuma,
Aohawlk, South Gila, Arlington, Buckeye, Salt River Valley, and
Safford in Arizena, and Bard and Hemet in southern Californin.
The main hay-producing areas surveyed were Salt River Valley, 5t.
Johns, and Safford in Arizena, and the Imperial Valley of California.
Laygus hesperua was taken from every area surveved. It is the most
common of the three species found in the alfalfs tields of Arizona and
sputhern California and is well distributed throughout the Rocky
Mountain region, which is also one of the main alfalfa seed-producing
regions of the United States. L. elisus whs captured in the Hemel,
Bard, and Imperial Valley distriets of California and in the Yuma,
Mohawk, and South Gila areas of Arizona. In the Arlington. Buck-
eve, and Salt River Valley arcas of Arizona an oc casional specimen
of L. elisus wns taken by sweeping allalfa. L. pratensis oblineatus
accurved in all the alfalfa areas, except ITemet, Calif., aceording to
the records to date.  This is the common castern spoc-ios of Lygus.

From distributional records in the United States National Muscum,

1 Cass5tny, T P, oand Bareek, T. O, REMIFTERDYS COTTOX INSECTS GF ARIFONA AND THEIR KCONOMIO
IMPORTANCE AXD rONTROL. U. &, Bur. Ent. and Plant Quar, Cir. E-139, 14 pp, s, 1936,

[Mimeopraphe ]
i Italle numbers in parenthezes rafer to Liloratirce Crted, po 10
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the three species of Lygus have been taken from all the Southwestern
and Rocky Mountain States. Lygus hesperus is recorded from New
Mexico, Arizona, California, Utah, Nevada, Colorado, Wyoming,
Washington, and Idaho. L. elisus is recorded from Texas, New
Mexico, Arizeng, California, Colorado, Utah, Wyoming, YWashington,
Tdahe, and South Dakota. L. pratensis oblineatus has been taken
from New Mexice, Arizona, California, Wyoming, and Idahe.

The National Museum records indicate alfalfs, cotton, and sugar
beets as the main cultivated crops from which Lygus hesperus and
L. elisus were taken.

HISTORY OF THE THREE SPECIES

Lygus hesperus was described by Flarry H. Knight in 1917 as
L. elisus var, hesperws (6), The type specimens were collected from
alfalfs ficlds in Califernia.  The variety was later given specific rank
by Shull (9). Since the original deseription by Knight there have
beon several references to the bug as a pest of cotton. Morrill men-
ttoned serious damage by L. elisus var. hesperus to cotton and cslled
the bug the “cotton square dauber” (8). King and Cook (5) found
that feeding by L. pratensis caused lesions on cotton. Ewing (8)
found that it caused voung cotton squares to shed or become blasted.
The damage he reported occurred during the period from 1914 to
1917, inclusive. E. A, McGregor reported on L. elisus as a pest of
cotton in Arizona and Californma (7). From recent collections and a
review of the specimens collected from cotton in past years, it appears
that L. hesperus was the main species present in coton,

Tt was not until Sorenson’s work in Utak, whick was published in
1932 {11), that the damage caused by Lygus spp. to the alfaifa seed
crop was given consideration.  Sorenson’s publication was on Lygus
pratensts but in 2 later publication he referred to the species as L.
hesper:2 and L. elisus. He concluded that the species of Lygus
were responsible for varying amounts of “flower drop’’ depending on
the degree of infestation and time of exposure. In a later publication
(12} he reported a study of the relation of the Zygus bugs to shriveled
seeds.  His work was begun in 1832 and continued for three seasons,
and his results indicated that these bugs inereased the number, but
were not the exclusive cnuse, of shriveled seeds. Shull, Rice, and
Cline (10Y, in 1934, gave evidence by cage work with L. hesperus and
L. elizus of the offect that Lygus had upon ihe seed production of
alfalia.  Information reccived by the author indicated that as early
8s 1930 some of the sced growers in the Mohowk, Ariz., area believed
that Lygus bues were the cause of the “blasted buds" which were a
tota] loss in seed production.

Lugus elisus was deseribed in 1974 by Van Duzee as a variety of
L. pratensis and raised to speeific rank in 1916,  The tvpe specimens
of L. elisus were collected from Chenapodium in Culifornin.  This
species has been recorded (7) as & pest of cotton, Bhull () ceports it as
& pest of beans, and Serenson {121 and Shull (9) have shown that it
was prosent and caused damage in alfalfa-sced fields.  Aeccording to
ohservations by the writer, L. eltsus haa been present in extremely
small numbers |« vhe alfalfa seed ficlds of Arizona and sonthern Cali-
forpia since 1034, These observations indieate that this species pro-
frrs to breed on weeds rather than alfalfa. Dwing May and June




4 TECHXNICAL BULLETINX 741, U. 5. DEPT. OF AGRICULTURE

1037 less than 2 percent of the Zygus captured were L. elisus. The
first seed crop of alfalfn is usually grown during these two months.
Lygus pratensis vav. oblineatus was described in the cighteenth cen-
tury and its name has been changed repeatedly sinee that time accord-
ing to the synonymical table by Crosby and Leonard (2). L. pratensis
oblineatus is the common species found in the eastern part of the United
States and reported many times as a pest of numerous cultivated plants.
Crosby and Leonard gave a full account of its life history, food habits,
and economic importance, and gave & complete bibliography in their
publication. Haseman (4) published on L. pretensis oblineatns and
gave its life history and effect on crops under Missouri conditions.

HOST PLANTS

These species of Lygus have been observed breeding on cultivated
and wild plants and weeds of sevemal different families in Arizona and
southern California. The polyphagous habit of these bugs makes
their range and dissemination widespread even in the semiarid region
of the Southwest, Breeding has been common in this region on alfalfn
(Medicago sativa L.) and sugar beets (Bete sp.) and has been observed
on sourclover (Melilotus indica (1.) AlL) and some of the garden vee-
etables, but the damage to these plants is undetermined.  Sourclover
is used as a cover crop in citrus orchards and also as a green manure
crop. The bugs usually were observed breeding on beets and turnips
when these were going to seed. Lygus populations have been abund-
aut in cotton, especially when the first alfalfn seed crop was maturing
and being harvested.

The host plants here mentioned are those on which definite breeding
records have been obtained, and it is probable thal all the hosts of
Lygus arc not included. Of the weeds, winter mustard (Sisymbrium
irio L.) and sowbane (Chenopodium murale 1), both winter annusls,
are the most important breeding plants of Lygus during January, Feb-
ruary, March, and April.  These two plants are found within and near
cultivated areas. They occurred in the greatest abundance in the Salt
River Valley and the Buckeye area. Bitter rubberweed (etinea
adorate (DC.) Kize. of the family Compositac) is another important
host plant for the breeding bugs. It oceurred in fairly thick stands
along the lower Gila River, in Yuma County, especially in years when
the winter rainfall was heavy or the river was at flood stage. Lygus
elisus breeds abundantly on this plant, as dees L. kesperus, the princi-
pal species found in alfalfa.

Two Iall weeds, marestail (Erigeron canadensis 1.} and slender
aster (dster exilis ElL), have produced heavy populations of Lygus
uymphs. The majority of the Zygus present on these weads have heen
pratensis oblineatus, which to date has oceurred only in small numbers
ou alfalfa during the stage of seed production. Lygus hesperus breeds
on these plants in small numbers.

Lygus spp. have been found to breed on several other plants, but the
distribution of these plants was spotted and usually in small acreages,
and the numbers of Lygus developed apparently were not sufficient to
influence the bug population in alfalian.  In the Polygonacese, Lygus
have been found breeding on dock (Rumex erispus L.y and knetweod
(Polygonum camporum Neisn. ?). cstragalus diphysus Gray, a lo-
gume, is host to large numbers of nymphs, but the plants are of limited
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numbers and scant distribution in the ares investigated. Wild helio-
trope (Heliotropium ecurassavicum var. oculatum (Heller) Johnston),
of the Boraginaceae, on which large numbers of nymphs are produced,
occurred on a very limited area. The majority of the host plants on
which Lygus spp. breed belong to the Compositae. In addition to
those mentioned above, other Compositac on which they breed suc-
cessfuily are pineapple weed (ddatricaria matricarioides (Less.) Porter}
crownbeard (Verbesina encelivides var. exawriculata Rob. and Greenm.),
Senecio spp., Aplopappus heterophyilus (Gray) Blake, and Heterotheca
subazillaris (Lam.) Britt. and Rusby, although to date nymphal in-
festations on these species have been low,

With the exception of Sisymbrium irio and Chenopodium murale, the
indications are that wild host plants have not to date covered a large
enough acreage or preduced enough nymphs to appear as o factor
in the infestations found in the alfalfa fields. There are indications,
however, that host plants growing on ditchbanks in the alfalfa fields
or fields of host plants adjoining nn alfalfa feld influence the Lygus
infestation in the alfalfa.

All three species of Lygus under consideration have been observed
on several host plants, and to date the observations indicate that both
adults andd nymphs prefer to {requent the buds, flowering parts, and
tender terminal parts of the plants. Few Lygus bugs have heen swept
from mature alfalfn or from alfalfa stubble containing little or no new
growth, whether the stubble resulted from pasturing or from cutting the
alfalfa.

CHARACTER OF LYGUS INJURY TO ALFALFA SEED

The elfect of Lygus bugs on alfalfa seed production is of two types.
mjury to flower buds and injury to seeds. The first iype is caused by
their feeding and egg Jaying in the voung, tender parts of the growing
alfalfa, especially the floral parts.  Wheu they feed on the voung floral
buds before elongation of the rachis, the buds usually tum white and
fail to develop. Such injured buds are a total Ioss in seed production,
and the injury has been termed “blasted bwl.” 1In the field blasted
bud can be distinguished from flower {all, the term “blasted bud”
being applied to racemes that turn white before flower development
has reached the color stage, and the term “flower fall” being used for
the condition in which the flowers fall atter they have opencd. In
examining sample racemes, all basal attachments of Hower pedicels
which do not show evidence of pad development are classed under
flower fall. Some fields containing high Zygus populations have an
extremely high percentage of blasted buds, and the lowers are not the
normal color.  Fignre 1 shows a comparison between fruiting parts of
normal and injured plants. Al the buds on the raceme injured by the
bugs bloomed abnormally and had the characteristic white appearance,
whereas the buds on the other raceme produced normal bloom and
fruiting pads.

Fields having high Lygus populations usually contained extremely
large numbers of blasted buds and failed to produce normal bloom or set
of seed. In the field from which the plant illusteated in figure 1, B,
was taken only 4 pereent of the flowers produced pods, whereas in two
other fields in the same area 41 and 49 percent of the flowers produced
pods.
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When feeding berins after the lower flowers of the racemes statt to
bloom, the Lygus bun'a apparently destroy only a portion (three to
Qe\'en} of the Howers. These are considered to be in the lomlued
aren close to the feeding puncture of the Lygus where the injury
apparently has a toxic effect on the plant tissue. Carlson's reeent
work ® shows that Lygus feeding on the fruiting parts of the alfalfa
causes a break-down of the cells around the Iecdmg area. If 1t s
very voung at the time it is fed upon, the entire raceme may be blasted;

Foivrre lo—Injury by Lygus hugs to allaiin racemes: A, normal Dods, Dlaons,
and podas B, huds blasted by feeding of the bngs.

but il it has enlarged to the point where (lower color i= evident. only a
portion of the flower eluster is damaged.  This damaged portion may
be located unywhere on the ruceme.

The feeding of the nymphs on the individual Howers is one of the
main factors eansing heavy (lower fall.  Both adults and nymphs feed
on the young ovary. which. if damaged, means the loss of a seed pod.

The second type of injury is the formation of hrown seeds enuserd by
the feeding of the bugs on the seeds belore they are mature, The
proportion of brown seeds varies vonsiderably in different <amples.

COARLEON, JOUN WILFORD. LYAY~ #UG AMAGE IN ALFALFA IN RETATION T SEED PRODC £ 170, T hiy sig
fer IR, Taodeiree, 'niv. of Wikeogan, 130
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When these bugs were conlined on alfalia in cages the production of
ool seeds was greatly decreased. and the perventage of hrown seeds
mereased over that found in eages from which they were exeluded.

No definite punctures are visible on the seeds fed upon by Lygux
spp., whereas pentatomid bugs leave delinite punetures. The seeds
en whicl Zygus bugs were observed to feed showed o discotoration
within 24 hours after the feeding.  Examinations made at longer
periods after feeding vesulted. in some casges, in linding profiferntions
on the inside of the pod opposite the daubs left by Zygus on the out-
side.  When LZygus bugs feed on the very voung seeds in the pod,

Frarre 2 Alfalfa seedds: O, Nopmad seeds lurge and phanp: 2, ~mall, wresnlar,
antl darkicned secd- detmgred by the femlineg of Log o o - 0

these herome pupery and shrivel to a very sinall size. The feeding of
Lygus on partindly developed seeds canse~ fos< of viabititv and prodoces
a dizeolored nrea darker than the re~t of the sced.  This condition i<
.-:lm\l\‘n in fienre 2 the compari<on hetween cond <oend< and hrown
goodl=.

ECONOMIC IMPORTANCE OF LYGUS BLGS IN ALFALFA SERD
PRODUCTION

Owing to the number of vaviable Tactors there is no apparent way to
Adetermine the wetnnl pereentaze of damage cansed by Lygas hies,
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Variations in the alfalfa plants, in farming methods, in the time of
growing the seed crop, in soil, m weather, and in moisture all have
some effect on the normal processes of blooming nnd setting of pods.

Losses caused by Lygus spp. have been estimated by comparing
heevily infested alfalfa fields that showed scrious damage with lightly
fested fields that showed no noticeable damage. The difference in
yield between these has been as much as 200 to 300 pounds of seed
per acre in certain fields in the area of heavy seed yield.

Seed production in Arizona amounts to approximately 6,000,000
pounds annually, and at 12 cents per pound, the estimated average
price for alfalfa seed obtained by the growers for the 10-vear period
192837, the seed crop has a value of §720,000. The average loss,
figured from the fields under detailed observation, amounted to over
17 percent, or aver 1,000,000 pounds of seed, which would mean a
loss of over $120,000 annually in Arizena alone.

In cage experiments Lygus damage was evident in flower loss and the
increased numbers of brown seeds. In field observations the pro-
cedure followed was to determine the relation between the Lygus
population and the percentage of flow.e fall, In 1935, 1936, and 1037
detailed observations were made in certain alfalfa fields at intervals of
a week or 10 days to determine the Lygus populations during the
development of the seed crop. These populations were estimated by
counting the adults and nymphs captured in a standard 14-inch
sweeping net. Four sweepiags of 25 sweeps each, or a total of 100
sweeps, were taken in fields where the populations were low. In fields
containing heavy bug povulations 3 sweepings ol 5 sweeps each, or u
total of 25 were made. Just previous to the cutting of the seed erops
samples of alfglfa seed heads were collectod from each field under
observation for microscopic examination at the laboratory, TFrom
ench seed sample 50 racemes were examined, and the number of flowers
that produced pods and the number of flowers that fell without pre-
ducing pods were recorded. An estimate of the percentage of flower
fall was thus secured for eaclt field studied, and correlation coefficients
between Lygus population and flower fall as shown in table 1 were
computed. The population figures used in these correlations were
the maximums observed in the respestive fields during the growth of
the seed crop. These positive corvelations indicute a rather close re-
Iationship between abundanece of Lygus spp. and loss of flowers.

TanLe 1.—Coeflicients of carrelntion betreeen the ninnbiers af Lygus spp, and fallen

alfalfa fowers, Yooma, Ariz., 103730

Fields Cowdlicienl of

Yiar anrd coop eareelation

015 Nrher
First erop - . . A ) L E N i O
Seconrd crop . . . . “+ 4, DR
14
First erop . . _ . e SEI g
Second crop . e R . i CTYR - LET
P B
First zrop e . P . . I jin PRI i3

Secoml eropr . L. L. L L .o K L A L83
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The higher percentages of flower fall accompanying higher Lygus
populations are shown in table 2, in which 110 sets of fisld records
obtained during 1935, 1936, and 1937 are summatized, Although
populations of 0 te 0.50 bug per sweep probably caused some injury,
such 2 population was considered to be low, and was used in the table
as o basis for determining the increase in Injury due to higher pop-
ulations. Observations yielding 9.51 bugs or more per sweep were
consolidated into one group because there were only a few represent-
atives in this class.

TapLe 2.—Relation between Lygus populalions and perceniage of flower faill in
110 sets of field records oblained in Arizone and seuthern California during the
years 1985, 1936, and 1937

I. ; " Pro por-

i tion iost

X X . + of the

Peak Lygus population per sweep Fleis | Arersge s [norease | T, o
- sampled il - il . berceot
: : : { expeoted

’ i tnsget

seed

0.51-5.00... .0 Tl
SO1-8.50 e A .
S emdover ... . ... .0 Il ITIT T

As the Lygus population increased, the flower fall inereased and
the pod set lessened. In fignring the economic importance of the
bugs, the best eriterion was considered to be the percentage of loss
to the part of the crop above the 52.50-percent flower fall in the basic
group, or the 47.50 percent which could be expected to produce pods.
Table 2 shows that the number of flowers produeing seed was reduced
53.89 percent as the Lygus population increased from the 0-0.50 per
sweep to 8.51 or more per sweep. The average loss for all fields was
17.66 percent.

To determine the effect of Lygus spp. on the seeds, bugs were caged
on newly set alfalfa pods without removing them from the plants,
At the same time check cages containing no bugs were placed over a
similar number of pods on the same plants. In these tests females,
meles, and nymphs all reduced the number of good seeds. Thirty-
one cages were used, of which 17 inclosed bugs and 14 did not. At
the end of the experiments the cages eontaining no bugs averaged
113.4 good seeds per cage while those containing Lygus averaged only
4.9 good seeds per cage, indicating a destruction of 108.5 seeds per
cage. In this test 23.35 seeds were destroyed per individual bug.
From this cage work it was eoncluded that Lygus bugs were also a
potential factor in reducing the number of good seeds matured as
well as the number originally set. In tiie cages containing Lygus
there were also & number of brown seeds typical of the damage done
to alfalfa seed by these insects.

Samples were also collected from the detailed study fields and
examined to determine the percentages of good seeds, brown seeds,
seeds injured by pentatomids, and seeds injured by Bruchophagus
gibbus (Bol..). The two classes, good seeds and brown seeds, were the
ones especially important in this investigation., It is recognized that

245089 —40—2
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other factors may cause brown seeds to appear in the alfalfa seed pod.
it was therefore decided to check the relationship hetween the per-
centage of brown seeds and Lygus population. In the second crop
of 193¢ a seed sample from a field showing 8.14 Lygus per sweep had
46.67 percent of brown sceds, whereas the seed sample from a field
showing only 8.654 Lygus per sweep had only 2.82 percent. A fleld
with a Lygus population of 2.82 per sweep, which was the only popu-
lation intermediate between the high and low populations, had 2
seed sample with 36.22 percent of brown seeds. The correlntion
coefficients for 8 crops, 1 in 1936 and 2 in 1937, were as follows: 1936,
second seed crop, 14 fields, 0.899+£0.0357; 1937, first seed crop, 27
fields, 0.3059 +0.1654 ; second crop, 18 fields 0.51954+0.1588. These
3 correlations werse all significant and were substantiated by other
field records. These correlations and the observation that the
percentage of brown seeds varies with the different Lygus pepulations
clearly indicate that Lygus bugs ave o real causative {actor in the pro-
polrtion of brown seeds present in the sced samples from the differens
fields.

Two felds wnder detailed observation i 1937 in the same loeality
and season vielded 536 and 165 pounds per acre, respectively. The
peak Lygus population was 0.23 bug per sweep in the high-yielding
field and 7.20 bugs per sweep in the low-ylelding field. The cultural
methods, climate, and soil were similar in both fields and the only
noticeable difference between the two fields was in their Lygus popu-
lation. The difference in vield was 371 pounds, which at the 1937
price of 13 cents per pound meant a reduction of $55.65 per acre in
returng from the field showing high Lygus population. Information
obtained from the felds studied over a period of 3 years has shown
that the low-vielding fields were not always the same from year to
vear, but that when the alinlfa stand was sufficient to produce reason-
able yields the one factor common to low-yielding fields in every case
ohserved was & high Lygus infestation.

SEASONAL ACTIVITY OF LYGUS

The population of Lygus bugs on alfalfa has shown a wide variation
throughout each year observed. Their numbers were relatively low,
usually less than 1 Lygus per sweep, until after May 1, in 1933. 1936,
and 1937. High populations on alfalfa occurred in June, July, August,
and the first half of September. The maximum pepulation of 20.92
Lygus spp. ver sweep was observed In August 1936 on alfaifa in full
bloom. Unless otherwise stated, population records given in this
bulletin include both nymphs and adults.  After the first of October the
bugs, in the main, have been reduced to small numbers in slfalfa. A
faw of the late-fall records on weeds showed L. prafensis oblineulus.
one of the species of minor importance in alfalfa seed! ficlds, to be
abundant on Erigeron canadeunsis and Aster cxilis. A fow individuals
of L. hesperus were also captured from these weeds. The peak fall
population on these weeds. taken on October 27, 1036, was 22.88
Liyqus per sweep.

The adults of Lygus have been swept from alfalin, Chenopodium
murale, or Sisymbrium irio in small numbers during December, Janu-
ary, and February. This indicates that the adults do not truly iber-
nate in the Southwest as they do in the eolder regions of the United
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States. A further indication of winter activity is the fuct that cggs
apparently continugd to develop in the ovaries of the female dwing
the winter months, ; Nine females weve dissected on November 26,
16835, and four conthined eggs. On December 1, nine more females
were captured, and four contained eggs. Only two [zmales were
captured on December 10, but one of these contained eggs. The next
collection of femaleg vecurred on January 25, 1936, when four females
were captured and all four contained eggs which appeared to be fully
developed and ready to be laid. Ten females collected on January 23
and 30 were dissected on January 30 and all contained apparently
fully developed eggs. Four females collected in February contained
fully developed eggs.

On January 24, 1038, the first nymphs were collected and they were
in the first and second instars. Some individual history records swere
planmed for these early nymphs, and on January 25 they were caged
mdividually in the outdoor insectary. One of the nyrphs had molted
and was alveady in the third instar. Thisrecord shows that the earliest
hatching was previous to January 24. The first adult emergence from
the individual caged nymphs was on February 27. Newly emerged
adults were also observed on this date in the Reld.

The winter months of 1936-37 were colder than those of 1935-36,
and the first nymphal development was not observed until February
18. This was 24 days later than the earliest recorded for 1935--36.
December of 1937 was 5.1° F. above the normal mean at Yumn,
Ariz, Nvmphs of the first, second, and third instars were found in this
area onJanuary 12,1938, Observations in the Yums aren indicate that
the Lygus bugs were breeding throughout December, January, and
February of 1937-38. Some nymphs must have hatehed befare
January 1, 1938, as there were nymphs in the third instar by January
12, A few were i the fourth instar when the field observations were
made on January 26, when nymphs of the first, seeond, and third
mstars were alse captured. Qs February 10 and 11 at Yuma, Aviz,, a
few Lygus nymphs had advanced to the fifth instar, and nymphs in
the first, secondl, third, fourth, and fifth instars were swept from
alfalfa and Sisymbriwm iria.

LYGUS POPULATIONS IN RELATION TO PLANT
DEVELOPMENT

In the course of the observations in Arizona and southern California
Lygus sbundance has varied a great deal in alfalfa during the season
and also at the same time in flelds in the same aren where the plant
development was different. Lygus bugs, in the main, were always more
sbundant in the surmumer than at other seasons of the vear, and popule-
tions usually have been the highest when the alfalfa was blooming.
Vory few have been captured in any of the sweepings on alfalfa hay
stubble, seed stubble, or pasture stubble. The heaviest infestation
usually ocourred in a developing seed erop. as would he expected in
view of the fact that n seed crop requires coniderably longer to develop
than does a hay crop. The hay crops were usually cut before the
alfalfa reached the full-bloom stage of development. To correlate
Lygus populations with plant development. the stage of alfalfa growth
was noted at the time each population record was made. by use of the
fellowing classification: New growth, budding and starting to bloom,
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full bloom, late full bloom, alfalia maturing, aifalfa mature, and
gtubble.

The young growth of alfalfa usually harbored mostly adults and
sometimes & few nymphs. As the plant developed through the young
growth, budding and starting to bloom, and into the full bloom, the
Lygus population usually increased as shown in table 3. The aver-
age population per sweep was the highest in the full-bloom stage of
alfelfa development in every case studied except one, the average
peak population in that case occurring when the alfalfa was budding
and starting to bloom. The population during the late-full-bloom
stage of development was less than that during the full-bloom stage

TaprLe 3.—Populations of Lygus spp. on alfelfa in different slages of growth as
indicated by net sweepings from flelds in Arizena and southern California pro-
Aucing seed crops

FIRST AND SECOND SEED CROPS OF 10335, FROM 2% FIELDS

: ; : T
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inevery case. In some individual cases the peak population occurred
in s different stage of plant development from that shown by the
average of all the fields studied. The increasing population which
followed plact development up to and icluding the full-bloom stage
apperently was largely due to the hatching of nymphs from the eggs
laid by adults present during the earlier stages of plant development.

As the plant development passed from the late full-bloom into the
maturing stage, there was o rapid decrease in the Lygus population,
which was extremely low in the seed-crop stubble. An ocensional bug
was swept from the seed-crop stubble when the sweepings were made
immediately after seed cutting, but not 2 single Lygus was eaptured
In sweepings made on the dry stubble several days after the seed
crop was ent.

The Lygus populations were estimated in 1935 from several selected
fields which were swept at fairly regular intervals. As only g few
sets of observations were made on the second crop, they were included
with those made on the first crop in summarizing the data as presented
in table 3,

The procedure followed in 1936 was similar to that used in 1035
excepl that the sweepings in each field were made at weekly Intervals
during the development of the seed erop. Enou gh fields were selected
in 1936 to provide for a separntion of the records of the first and
second sced crops. The Lygus population i relation to the stage of
alfalfa development was very similar to that observed in 1935. The
full-bloom stage of development had the peak population. No bugs
were caught In the sweepings from the seed-crop stubble in 1933,
whereas 4 bugs were captured in 2,200 sweeps in the stubble of the
first seed crop of 1936, and 3 were taken in 1,500 sweeps in the stubble
of the second seed crop. The average population per sweep was
slightly different for the different stages of plant development, but all
3 summaries show similar frends in the Lygus populations in relation
to the stages of plant development.

The records of Lygus population in relation to alfalia plant develop-
ment in 1937 were obtained by the same procedure as was used in
1935 and 1936.

Lygus population trends in relation to plant development were the
same for the first crop of 1937 as those found for 1935 and 1936. In
the second crop of 1937, however, the boadding-and-starting-to-bloom
stage had the highest average population of any of the different stages
of plant development. This was apparently due to an early infestation
of the second crop by bugs held in the fields by the growth of new
shoots from the plant crowns before the first seedd crop was harvested
and by additional adults attracted to the fields in luree numbers by
unusually early new growth after the harvesting of the first seed crop.
Many first-instar nymphs were present within 2 weeks after the
migration of the new adults into the second crop. In one field the
nymphal population alone amounted to 13.76 per sweep. which is a
very high infestation. Lygus populations on the plants in the other
stages of development followed the trends recorded for the other
crops and yvears,

The population in the mature first crop for 1937 averaged 0.325 bug
per sweep. which was the highest ohserved in any crep of mature
alfelfa during the 3-year period, and was apparently due to the early
growth of new shoots before the first seed crop wes harvested. The
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population in the second crop of 1937 at time of maturity, foilowing
the high population of 0.325 bug per sweep in the mature stage of
the first erop, was only 0.085 Lygus per sweep.

PERCENTAGE OF EACH SPECIES OF LYGUS IN THE FIRST
SEED CROP

Observational records during the development of the seed crops in
1935, 1936, and 1937 indicated that Lygus hesperus constituted a high
percentage of the Lygus bugs talken, While no definite counts were
made, L. hesperus was observed in the field studies of 1935 and 1936
to be the predominant species of Lygus in the alfaifa fields during the
production of the first, or main, seed crop.

In the field observations during May and June 1937, when the
first seed crop was developing, adults were captured for determination
of species and calculation of percentages. During May, 763 adults
were captured from the alfalfa fields examined in the Salt River
Vualley, Buckeye, Arlington, Mohawk, Yuma, and Bard districts of
Arizona. Of this number 93.18 percent were Lygus hesperus, 5.9
percent L. pratensis oblineatus, and 0.92 percent Z. elisus. During
June, 928 adults were taken, of which 88.15 percent were L. hesperus,
9.91 percent L. prafensis oblinealus, and 1.94 percent L. eltsus.

LIFE HISTORY

No extensive, detailed life-history work on the different species of
Lygus was sttempted in these studies, as the life histories are already
available in the liferature. Shull investigated the life histories of
L. hesperus and L. elisus (9}, and Crosby and Leonard {2) and Hase-
man (4) have published on the life history of L, prafensis oblineaius.

The life-history work at the Tempe, Ariz,, laboratory consisted in
checking the general effect of the locally prevalent high temperatures
on the mecubation period of the eggs and the duration of the instars
of Lygus hesperus. These two phases of the life history showed a
similarity to the same phases as observed by thie other authors. The
high temperatures served to decrease the length of the developmental
pericds. The incubation period of the egg was relatively long in
compearison with that of instar development. Of the five instars, the
fifth required the longest timme, the first instar was next in length,
andl the second instar was the shortest. The second, third, and
fourth instars all averaged about the same length of time,

IxcumaTioNn PERIOD OF E¢6s oF LYGUS HESPERUS

Incubs: -1 records were obtained from epgs deposited in growing
alfalfa plants. Plants in the field were caged several days prior to
the introduction of the females in order to allow for the hatching of
any eggs that might have been previously deposited in them, and any
nymphs so hatehed ou$ were removed. Females of Lygus hesperus
were caged on the plants for 24 hours for egg deposition. Records
of the incubation periods were calculated o the nearest day. The
tests were continued during July and Auvgust 1935, and 52 incubation
records wers obtained. Four eges hatched in 7 days, 28 in § days,
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16 in ¢ days, 2 in 10 days, and 1 each in 11 and 12 days; the average
being 8.44 days. Temperature readings were obtained from instru-
ments in o standard Weather Bureau shelter. The average mean
temperature during the period covered by the incuba*ion records
was 85.5° F, The range in the daily mean temperature was from
a low of 78° to & high of 92°, This range apparently had no effect
on the length of the incubation period.

InsTarR DEVELOPMENT OF THE N¥YMPHS oF LYCUS HESPERUS

The nymphal records for certain instars of Lygus hesperus were
obtained throughout rmost of the year. During August and the
first week in September 1935, complete records of all instars were
obtained for 35 individuals caged on alfalfa in an outdoor insectary
near the standard weather instrument shelter. These records are
given in table 4. Many of the nymphs in other cages died before
completion of all five instars, and the records of these specimens are
not included in the summary given in the table. The average mean
temperature during these observations was 83° F.

TanLr 4.—Lenglh in days of nymphal instars of Lygus hesperus renred from egg to
adull during August and early part of September 1935, Tempe, Aris.
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Records were also obtained for many individuals that had been
collected in the field and had completed one instar or more in the
outdoor insectary cages. These records are summarized in table 3,
together with the average mean temperatures prevailing during the
respective Instars,

Table 5 shows that the rate of nymphsal development generally
varies directly with the temperatures. When the average mean
temperature was below 60° F. the nymphal development was very
prolonged. The small number of records at the lower temiperatures
was due to the fact that observatiors at these temperatures were
made during the winter when the ny: apbs were scarce. This scarcity
of specimens also would account for the fact that no very uniform rate
of nymphal development at the lower temperatures was evident.
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TapLe 5,—The number of deys for nymphel developmen! of Lygus hesperus and the
average mean lemperalure of each period, Tempe, Ariz.
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Location oF Lycus EGGSs IN THE ALFALFA PLANT

It was reslized that the location of the egg punctures in the alfalfa
plant might have & bearing on the setting of seed. Considerable
attention was therefore given to the location of the eggs under field
conditions. They were always found in the younger, more tender
growth of the terminal part of the alfalfa stems and were most fre-
quently located in the bud clusters and internodes. Alfalfa stems
were selected for examination in the detailed studies from screen cages
in which Lygus adulés were fairly abundant. All dissections were
made under the binocular microscope, and the numbers of eggs were
recorded as found in the following parts of the alfalfs plant: Flower
buds, internodes, nodes and near nodes of the stems, leaf axils, and
tachises. No eggs were found in the leaves or leaf petioles. Of 138
egas dissected out 44.9 percent were found in the flower buds, which
were the preferred location for oviposition as well as the potential
source of the alfalfa seed. The nymphs hatching from these egps
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were thus In immediate proximity to the seed-producing organs of
the plant, on which part they normally feed. The numbers of eggs
and percentages found in different parts of the plant are summarized
in tahle 6.

Tarue 6,—Location, number, and percenlage of eggs of Lygus spp. found in
differeni parls of the elfalfa plant, Tempe, Ariz,
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NATURAL ENEMIES

No parasite of the adult, nympls, or ege of Lygus has been noted to
date. Predators observed feeding on Lygus nymphis were the Hemip-
tera Geocoris spp. and Nabis ferus (L.}, the ant Formiea perpilosa
VWhir, and two species of spiders. Formica perpilosa, which was
observed near Hemet, Calif., in the survey of 1937, was the only
predator found to date which has noticeably reduced the numbers of
Lygus nymphs In any area. It was noted that nymphs of Geocoris
spp., especially G. pallens var. decorutus Uhl., markedly inereased in
numbers where the Lygus nymphs were abundant. -

CONTROL

Promising clues obtained from the detailed field studies are being
followed to determine whether or not they may lead to s practical
means of control of Lygus bugs. One of the most practical appears
to be that of uniformity throughout whole districts in times of starting
and harvesting the seed crop. In the areas studied. the fields with
the highest iufestations of Lygus bugs usually were those producing a
seedd crop at a different time during the growing season from the
majority of fiekls in the neighborhoed. Not only do these “out-of-
time” fields themselves become severely infested, but as they mature
they usually become sources of dispersal of Lygus to other felds.
Lack of uniformity in time of cutiing both hay and seed crops appears
to be by far the most important factor in the development of serious
Lygus mmfestations in seed-producing districts.

In some fields where it was kanown that very few nymphs were
present, adults have been known to increase fivelold to sevenfold m n
period of 10 days or less by influx from other fields. Apparently
these were heavy migrations of adults into fields of alfalfs from 6 to
12 inches tall, because of reduction in their food supply by the cutting
of alfalfa hay in nearby flelds. It appears that if ali the fields in a
neighborhond could be cut at approximately the same time, Lygus
damage to the seed crop throughout the area would be materally
lessened. In the Mohawk area there was a remarkably uniform cut-
ting program in 1936 and 1937, and few fields suffered her,vy losses.
In 1938, on the other liand, the seed crop in different fields was started
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at different times between April 1 and May 15, and the yield per acre
that year was approximately 50 percent less, and the Lygus popula-
tion was over four times as great as in the previous two seasons.
Several practical difficulties interfere with & uniform cutting program,
however, and to date no other generally applicable control measure
has been worked out; hence, no report can yet be made on this part
of the investigation. .

SUMMARY

Three species of Eygus are distributed throughout the main alfalfa-
seed-producing areas of Arizona and California, where they seriously
reduce seed yields, The chief damage has been to the floral parts of
the alfaifa plant prior to the formation of the seeds, and to the imma-
ture seeds.

Lygus bugs breed on a number of different cultivated and wild
plants, and weeds. Alfalfa, cotton, and sugar bects are three of the
cultivated plants on which large numbers of Lygus have been captured.
Sisymbrium irio and Cheropodium murale are two important host
plants for spring breeding. With the exception of these two, the
native plants on which Lygus bugs breed apparently have not influ-
enced the population of Lygus in the alfalfa seed fields.

The preferred habitat of Lygus is the tender terminal part of the
alfalfa plant, particularly among the buds and flowers.

Significant or highly significant positive correlations hetween esti-
mates of Lygus populations and flower fall in the six alfalfa seed crops
produced i southern Arizona and southern Cahfornia during 1935,
1936, and 1937 indicate that Lygus bugs seriously injure the flowering
parts of the alfalfa plants.

Cage experiments have proved that Lyqgus bugs affect the seeds by
causing them to turn brown and in many cases fo sbrivel up and
hecome papery. The average destruction per individual Lygus in
the cages was 23.35 seeds. Samples from 3 seed crops in 1936 and 1937
showed significant positive correlations between the percentage of
brown seeds and the Lygus populations.

Hich Lygus populations on alfalfa occurred in June, July, August,
and part of September. Adults were swept from allalfa during cvery
meonth of the year, although the numbers were low in November,
December, January, and February. Dissection of the female ovaries
during the winter months showed that in January the eggs appeared
to be fully developed and ready for oviposttion.

Population counts during 1935, 1936, and 1937 showed that Lygus
populations averaged highest in the full-bloom stage of plant develop-
ment with the exception of the second crop in 1937, when the high
population occurred in the budding-and-starting-to-bloom stage of
plant development. The stages of new growth, maturing, mature,
and seed-crop stubble have on the average harbored relatively low
populations of L¥gus.

According to observations, Lygus hesperus was the miin species of
Lygus present on alfalfa producing seed. In the records for May and
June, the period during which the first sced crop is usually grown,
L. hesperus constituted 93.18 percent and 88.15 percent, respectively,
of the total numbers captured.

The average incubation period of eggs of Lygus hesperus in July
and August 1935 was 8.44 days. The average nymphal development
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for each instar when the average mean temperatire was 85° F. was
as follows: First instar, 2.69 days: second imstar, 1.69; third instar,
1.74; fourth instar, 1.91; and fifth Instar, 3.37 davs.

The eggs were always found in the younger, more tender growths
of the terminal parts of the alfzlfs stems, aud were most frequently
located in the flower buds and internodes of the stems.

The only natural enemies observed attacking Lygus bugs were the
predatory Hemipiera Geocoris spp. and Nabis Jerus, the ant Formica
perpilosa, snd two species of spiders. These have been observed
attacking only the nymphs of Lygus. Little reduction in the numbers
of Lygus bugs by their predacious enemies has been observed.

Lack of uniformity in the time of cutting the alfalfa appears to be
a factor favoring heavy infestations of the bugs, and if all the fields
in & neighborhood could be cut at one time the damage might be
materially lessened. This was demonstrated in the Mohawls ares in

1936 and 1937.
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