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Alfalfa-Seed Production in

Minnesota'

John H. Hughes

Introduction

IN_ JUNE, 1939, several insect specimens, collected on alfalfa
(Medicago sativa LI) and sweet clover (Melilotus sp.) in Todd

County, Minnesota, were received by the Division of Entomology
and Economic Zoology, University of Minnesota, for identifica-
tion. These insects were identified as the alfalfa plant bug,
Adelphocoris lineolatus (Goeze) , Family Miridae, Order Hemip-
tera.

For several years prior to 1939 the Division of Entomology
and Economic Zoology and the Minnesota State Entomologist's
Office had received complaints from Minnesota alfalfa-seed grow-
ers regarding the reduced alfalfa-seed yields on their farms. A
survey made in August, 1939, showed A. lineolatus to be abundant
in alfalfa fields throughout the state.

Adults and nymphs of this species have long been recognized
as serious crop pests in Europe. Vassiliev (25) stated that this
insect, known as the lucerne leaf bug in Europe, was the most
important pest on alfalfa in Russia for that year. Moroshkina
and Akimova (11) and others have since shown this species to
be an important factor in alfalfa-seed loss in Europe.

Since this insect was known to be a serious alfalfa pest in
Europe, studies were initiated in the fall of 1939 and the spring
of 1940 on the life history and biology of A. lineolatus on alfalfa.

A cooperative project of the State Entomologist of the Minnesota Department
of Agriculture, the .Iron Range Resources and Rehabilitation Commission, and the
Minnesota Agricultural Experiment Station. The State Entomologist made the initial
surveys and contributed a part of the supervision during five seasons. The Iron
Range Resources and Rehabilitation Commission financed the research in the field
for two seasons. The Minnesota Agricultural Experiment Station contributed a part
of the supervision for five seasons, financed the research in the field for one season,
and furnished laboratory space, supplies, and equipment for carrying on the work.
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Preliminary studies soon indicated that this insect primarily, and
at least two others secondarily, was potentially responsible for
the reduction in the alfalfa-seed crop. The problem then resolved
itself into a study of the life history of A. lineolatus in Minnesota,
the exact nature of the injury to the alfalfa plant which resulted
in the reduced seed crop, and the possible methods of control of
the insect in alfalfa fields.

This bulletin is a report of the results of the investigations
concerning A. lineolatus and other plants bugs and their relation
to the culture of alfalfa for seed production.

History and Distribution

ADELPHOCORIS LINEOLATUS (GOEZE)

The alfalfa plant bug, Adelphocoris lineolatus (Goeze) , was
first described by Goeze (5) as Cimex lineolatus. The synonymy
for this species is extensive and is detailed by Reuter ( 14),
Knight (7), and others. It had been placed in at least seven
genera by the close of the 19th century when Reuter ( 14) called
it A. lineolatus (Goeze) . He gave four varieties for the species;
namely, implagiata Westh., typica, binotata Hahn, and bisbipunc-
tata Reut. Knight (7) compared specimens from Nova Scotia
with some A. lineolatus (Goeze) determined by Reuter and
stated "that the specimens are structurally identical but pertain

to variety binotata Hahn." This species, which has been known

in Europe as the "lucerne leaf bug," was called the "alfalfa plant
bug" by Knight (9).

The earliest record of A. lineolatus was from the old world;

it now occurs in. Europe, Asia, Africa, and North America. This
species was reported from Finland, Russia, Syria, India, Persia,
Siberia, Mongolia, China, Japan, Tunisia, and Algeria by Oshanin

( 12). Butler (2) stated that it was also present in the British

Isles. It was in Germany and Sweden more than 100 years ago
according to Hahn (6) who called it Phytocoris binotatus which

Reuter ( 14) gave as a variety.

In North America the first specimens were collected at Cape

Breton Island, Nova Scotia, August, 1917. Knight (7) identified

these insects as A. lineolatus (Goeze) .

Mr. R. P. Gorham, Canadian Department of Agriculture, re-

cently reported that this species is common in parts of New Bruns-

wick. Dr. C. E. Mickel observed it in abundance on alfalfa in

Manitoba, 1941.
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The species was first reported in the United States by
Knight (8) who collected it at Ames, Iowa, June 18, 1929. He
later stated that it may have been imported as eggs in alfalfa
seeds. It is the writer's opinion that eggs may also have been
in tiny pieces of alfalfa stem in the imported seed. During this
study as many as 19 A. lineolatus eggs have been observed
crowded in a piece of alfalfa stem only 5 mm. in length. There
has been a gradual spread of this species to neighboring states
and to Canada. It was in Minnesota as early as 1933 and has since
been reported in Illinois, Missouri, North Dakota, South Dakota,
Wisconsin, Nebraska, Michigan, and Kansas.

A. lineolatus was first collected in Ramsey County, Minnesota,
in 1933 and at St. Paul in 1934. From that time to 1939, when a
study of the species was begun, it became generally distributed
throughout Minnesota on alfalfa and sweet clover. These insects
have also been collected from additional plants including pota-
toes, Solanum tuberosum L.; red clover, Trifo/ium pratense L.;
alsike, T. hybridum L.; buckwheat, Fagopyrum esculentum
Moench.; and golden rod, Solidago spp.

An examination of the Minnesota Miridae Collection of the
Division of Entomology and Economic Zoology, University of
Minnesota, revealed a total of 148 specimens of A. lineolatus
(1933-1938) . Four specimens were 'recorded from Ramsey and
Washington counties in 1933; two from Houston and Ramsey
counties (St. Paul 1) in 1934; 95 from Big Stone, Cass, Goodhue,
Kandiyohi, Lac qui Parle, Lake., Le Sueur, Lincoln, Lyon, Mille
Lacs, Morrison, Olmsted, Pipestone, Ramsey, Rock, Scott, Tra-
verse, Wadena, Washington, and Wright counties in 1935; 19 from
Brown, Clearwater, Freeborn, Norman, Pennington, Polk, Ram-
sey, Renville, Steele, Todd, and Yellow Medicine counties in 1936;
three from Norman, Rice, and St. Louis counties in 1937; 25 from
Clearwater, Kandiyohi, Pine, Ramsey, Rock, and Yellow Medicine
counties in 1938.

During the years 1939 to 1942, inclusive, A. lineolatus has
been found in all alfalfa and sweet clover fields examined in
Minnesota.

ADELPHOCORIS RAPIDUS (SAY)

The rapid plant bug, Adelphocoris rapidus (Say) , was first
described as Capsus rapidus by Say (16). It occurs in the United
States and Canada, east of the 110th meridian, where it feeds on
many plants including alfalfa and sweet clover.
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LYGUS OBLINEATUS (SAY)

The tarnished plant bug, Lygus oblineatus (Say) , was first
described by Say ( 16) as Capsus oblineatus. Knight ( 10) states
that this species has been confused with the European species,
L. pratensis (Linnaeus) , from which it differs in structure of the
right genital clasper and in coloration. He called it L. oblineatus
(Say) , which name is accepted in this paper. It has also been
known in recent years as L. pratensis oblineatus (Say).

It is commonly found in eastern United States but is also
present in several western states where Stitt (21) found it on
alfalfa. Crosby and Leonard (4) made a detailed study of the
tarnished plant bug and prepared an extensive synonymical list
for the species which they called L. pratensis L.

Decline of Alfalfa-Seed Yields in Minnesota

Minnesota is one of the principal alfalfa hay- and seed-
producing states in the United States (see table 1).2

The average number of acres of alfalfa harvested for seed in
Minnesota from 1930 to 1939 was 68,530 and Minnesota ranked
second among the alfalfa seed-producing states. The acreage har-
vested for seed from 1936 to 1942 increased 190 per cent over the
acreage from 1930 to 1935. More alfalfa (168,000 acres) was har-
vested for seed in 1940 than in any other year of the 11-year
period from 1930 to 1940, inclusiv. e. The acreage was greatly re-
duced in 1941 and 1942 when there were only 72,000 and 48,000
acres, respectively. Minnesota was fourth in average production
from 1930 to 1939, but dropped to seventh place in 1941 and 1942.
Seed yields were checked for the years 1919 to 1929, inclusive,
but are not included in the table. The maximum average per
acre was 1.7 bushels in 1919 and the minimum average was 1.2
bushels in 1927. The. mean average for the period (1919-1929)
was 1.42 bushels. The mean average for the period 1930 to 1942,
inclusive, was 1.26 bushels. The mean average for the United
States for this period (1930-1942) was 1.74 bushels. The yearly
average for Minnesota was less than the mean average for the
United States throughout this 13-year period (table 1) . From
1937 to 1942 there was a definite decline in alfalfa-seed yields as
can be noted in the table.

The yields per acre in some of the northern counties of the
2 Alfalfa hay and seed figures based on reports of the Bureau of Agricultural

Economics, U. S. Department of Agriculture.
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Table 1. Acreage, Yield, and Production of Alfalfa Hay and Seed in Minnesota,

1930-1942

Year

Hay Seed

Acres
harvested

Yield,
tons

Production,
tons

Acres
harvested

Yield,
bushels

Production,
bushels

1930 661,000 1.75 1,157,000 33,000 1.5 49,500
1931 727,000 1.50 1,090,000 33,000 1.3 42,900
1932 800,000 1.90 1,520,000 36,300 L5 54,400
1933 824,000 1.50 1,236,000 54,000 1.5 81,000

1934 671,000 . .85 570,000 29,000 1.3 38,000

1935 ............................................. 872,000 2.10 1,831,000 64,000 1.4 90,000

1936 1,046,000 1.45 1,517,000 108,000 1.5 162,000

1937 1,203,000 1.95 2,346,000 108,000 1.4 151,000

1938 2.00 2,526,000 92,000 1.0 92,000
1939 1.90 2,303,000 128,000 1.3 166,000
1940 1.85 2,264,000 168,000 1.0 168,000
1941 2.10 2,776,000 72,000 0.8 58,000
1942 2.20 3,170,000 48,000 0.9 43,000

state have been higher than these average yields for the entire
state. Information obtained by the writer from sources consid-
ered reliable indicated that many farms in the northern part of
the state averaged 6 to 8 bushels of alfalfa seed per acre until the
early 1930's and a few went as high as 18 bushels per acre. Many
seed growers stated that their seed usually provided a return of
$75.00 to $100.00 per acre for the years preceding 1930.

Growers in these northern counties reported verbally, and the
reports were checked through several sources, that alfalfa-seed
crops in their counties have been less productive since 1930. From
1930 to 1937, crops were only intermittently good. The writer
talked to a few growers who went out of alfalfa-seed production
as early as 1933 because of seed failures. Some farms had good
crops as late as 1939, but yields were far below those reported for
earlier years. In 1940, the seed crop as a whole in these northern
counties was reported a near failure. In 1941, seed set poorly
in all the northern counties. The best alfalfa observed by the
writer that year averaged about 4 bushels to the acre on one farm.
Some second-cutting alfalfa might have produced more than 4
bushels per acre had it not been severely injured by frost. These
reports are substantiated by the fact that the average yields per
acre over the entire state for 9 of the 13 years from 1930 to 1942,
inclusive,-were below the 1919-1929 mean average.

By 1939 growers had formulated numerous theories to ac-
count for the reduction in seed yields. Some attributed it to
grasshopper damage. During years when these complaints were
'received, grasshoppers were causing damage to other crops in
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some counties. Field men from the Minnesota State Entomolo-
gist's Office made grasshopper surveys and found these insects
insufficiently numerous to be causing the extensive damage to
alfalfa as reported.

Others attributed the reduction to thrips. Thrips commonly
occur on alfalfa in Minnesota and feed on the flowers and stems
by rasping tissues and sucking juices. Sorenson (18) observed
some thrips damage to alfalfa flowers in Utah and suggested
thrips were responsible for at least part of the alfalfa-seed re-
duction in that state. They do not cause more than a minor
amount of the injury in Minnesota.

Some thought the reduced yields were due to conditions of
soil and soil moisture, but experiments by the Agricultural Ex-
periment Station in Beltrami and Koochiching counties indicate
that any deficiency of nutrients is not the cause of the difficulty
except to some extent on fields suffering from a sulphur defici-
ency. When fertilizers were applied to soils deficient in other
nutrients, the vegetative growth was improved tremendously
while the seed setting was apparently but little affected. It is
true that chemically-deficient soils produce inferior alfalfa plants
and these, in turn, yield inferior seed. On some of the best soil
in northern Minnesota seed crops are often failures during the
second or even the first year. .

Weather was credited with the reduction of this crop by many.
Most authors claim that adequate soil moisture, limited summer
rainfall, and warm weather are factors conducive to good seed-set
in alfalfa. The weather during the alfalfa-growing seasons for
the years 1941 and 1942, the two years alfalfa seed-producing
fields in northern Minnesota were under observation by the
writer, was most unfavorable. In 1941 there were frequent rains
and cool weather. The first killing frost was on August 27. In
1942 the last killing frost of late spring was on June 12 and the
first killing frost of late summer was on August 24. The tempera-
tures throughout the growing season were low and rainfall was
abnormally high. In the writer's opinion, weather does lessen
alfalfa-seed yield, but it is not responsible for successive seed
losses over a period of years.

Many farmers placed the blame of seed failure on a scarcity
of bees. They thought most bees were destroyed when peat was
burnt off the land which they are now farming. In one of the
more recent studies of insect tripping and pollination of alfalfa
flowers and their relation to alfalfa-seed setting, Tysdal (22) sug-,
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gests that failure of seed to set is sometimes due to an insufficient
number of pollinating insects. These insects include leaf-cutting
bees, which are also known as solitary or ground bees (Megachile
species) ; honey bees (Apis species) ; bumble bees (Bombui
species) ; and alkali or ground bees (Nomia species) . This may
be true in some sections of the country, but. there is no obvious
lack of tripping and pollinating insects in Minnesota. Bumble
bees, ground bees, and others were numerous in alfalfa fields in
Minnesota, even in fields which were thoroughly burnt-over in
the spring of 1942. At present, the large-scale reduction of alfalfa.
seed yield in this state cannot be explained through lack of
pollination.

Density of plant growth was also given as a reason for the
seed failures. Occasionally growers sowed alfalfa seed thin to
test whether density of plant growth prevented development of
seed. The result was usually disastrous since a rank growth of
weeds soon overran the fields and the seed yield was not im-
proved. It has been observed that dense alfalfa may set seed
unless it lodges badly early in the season.

The occurrence of the alfalfa plant bug (A. lineolatus
[Goeze]) in Minnesota during the early 1930's, with an increase
in population intensity during the intervening years, is closely
correlated with the reduction in the, alfalfa-seed yield during this
period. •

Work initiated in 1939 to substantiate or disprove the opinion
that this insect was causing damage demonstrated conclusively
that A. lineolatus and other closely related minds were respon-
sible for much of the reduction in the alfalfa-seed yields.

Mind Injury to Alfalfa

General field observations and preliminary cage studies re-
vealed the feeding habits of Adelphocoris lineolatus, A. rapidus,
and Lygus spp. These insects, when seeking food, puncture buds,
flowers, and young pods with their piercing and sucking-type
mouth parts. The resultant injury is thought to be mainly phyto-
toxic, which is explained more fully under histological studies,
and usually causes the affected parts to wilt and die. In addition
to injury to the reproductive structures, damage to a less notice-
able degree is done to stems. In early spring, nymphs of A. lineo-
latus and A. rapidus feed on the sap of tender alfalfa stems and
very likely cause some damage to them. These insects also cause
oviposition injury to the stems.
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The investigations discussed on the following pages were made
to determine the extent of injury caused by these insects under
controlled conditions and to confirm conclusions drawn from

' field observations.

METHODS AND MATERIALS

For the purpose of studying mind injury to alfalfa, cylindrical
cages (6"x10") were constructed from 16-mesh wire screen to
which muslin sleeves were added. These cages were supported
over the alfalfa plants by means of wooden stakes to which they
were attached.

Cage studies were conducted in the field at St. Paul in 1940-
1941 and at Blackduck in 1941-1942 to determine the type and
the extent of feeding injury under controlled conditions.

A. lineolatus was introduced into cages containing buds,
flowers, pods, or vegetative structures of alfalfa. Similar studies
were conducted for A. rapidus and Lygus spp. Also, A. lineolatus,
A. rapidus, and Lygus spp. were caged with buds, flowers, pods,
or vegetative structures of alfalfa to ascertain what their com-
bined injury would be.

Healthy and apparently egg-free alfalfa stems were caged
several days prior to the beginning of injury studies to allow a
sufficient period for any previously injured reproductive parts to
wilt or drop. At the end of the check period, the alfalfa plants
were carefully examined and any wilted or wilting parts that had
not already fallen were removed. The cages were again checked
to be sure they were insect-free. A ratio of bugs to buds, to
flowers, to pods, or to vegetative structures was established by
removing from the cages any flower parts in excess of the ones
needed to make the desired ratio.

Insects were collected from the field by means of a 12-inch
insect-collecting net. They were drawn from the net into a
cushioned aspirator to prevent injury and were introduced into
cages in definite ratios to the number of buds, flowers, pods, or
vegetative structures contained therein.

Various exposure times were used. At the end of these timed
periods, the minds were removed from the plants. It was neces-
sary to remove the cages in order to be sure all the insects were
released. The cages, now insect-free, were replaced over the
alfalfa plants.

The plants were then observed for indications of mind-feeding
injury and records were kept.



THE ALFALFA PLANT BUG 13

The same procedure was used in setting up control cages as
checks on the injury cages except, of course, no insects were ever
introduced. At the end of the timed exposure periods, cages were
removed from the control plants the same as from those with in-
sect injury. This was done to eliminate the factor of possible
mechanical injury to. some plants and not to others. The cages
were replaced and development was noted.

AUTOMATIC AND ARTIFICIAL TRIPPING OF ALFALFA

Untripped alfalfa flowers were caged free from insects at St.
Paul, 1941, and were observed for self-tripping and pod develop-
ment. Self-tripping was evidenced by the formation of seed pods
from 5.4 per cent of the flowers. Results obtained are presented
in table 2.

Although flowers were examined often, an actual count of pod
set was made on the 19th day. All untripped flowers, and very
likely some tripped flowers, had fallen by that time, leaving only
early-stage pods. The number of self-tripped flowers was prob-
ably more than 5.4 per cent. Armstrong and White (1) found a
much greater pod set on automatically tripped, "high pod-setting"
alfalfa, but their figures for "low pod-setting" alfalfa corresponded
closely with those of the writer. They also found that many self-
tripped flowers failed to set seed.

Tripping is, in general, considered an essential prerequisite to
pod-setting. Therefore, all flowers used in the insect-injury cages
and in the control cages were artificially tripped and also cross-
pollinated to insure a maximum of pod formation in all. The
so-called tripping, or releasing of the staminal column from
beneath the keel which encloses it, was accomplished by lightly
pressing the keel with the tip of the handle of a small camel-hair
brush. The staminal column consists of the pistil surrounded by
10 diadelphous stamens and the keel is formed by the fusion of

Table 2. Self-tripping and Pod Formation in Insect-free Cages
St. Paul, Minnesota, July 27 to August 15, 1941

Flowers
caged

Days
observed

• Flowers
dropped

Flower
fall

Pods
formed

Pod
set

Per cent Per cent
127 19 123 96.9 4 3.1
127 19 116 91.3 11 8.7
153 19 146 95.4 7 4.6

407 385 94.6* 22 54*

* Average.
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the two lower petals. Flowers were cross-pollinated by brush-

ing the pistil with pollen from flowers of other plants. Flowers

tripped more readily on warm days than on cool days.

Only the required number of flowers to complete the desired

bug to flower ratio was left on the plants. Ratios of 1 bug to 5

flowers, 1 to 10, and 1 to 15 were used.

FEEDING INJURY TO BUDS

Injury to buds of alfalfa is obvious a few days following feed-

ing by the alfalfa insects. The normal green color fades and the

buds turn yellowish and, from a short distance, appear almost

white. The blasted parts die and usually drop to the ground

within a week or more. Some fields have been observed in

which most buds were dead and very few flowers were formed;

these fields were heavily infested with minds.

This phase of the cage study on mind feeding is limited.

Other cage experiments were begun but, due to unavoidable con-

ditions, were not carried to completion. The extent of bud injury

based on available data is indicated in table 3. Racemes of buds

were taken as units since it was not practical to count the com-

pactly arranged individual buds. There were approximately 30

buds per each raceme.

There was 100 per cent bud blast when buds were exposed as

long as 10 days (240 hours) at different ratios of bugs to racemes.

The per cent of bud blast was still high when the exposure was
reduced to 48 hours at different ratios. The control cage for

these showed a 14 per cent bud blast resulting from factors other

than insects.

Table 3. Feeding Injury to Alfalfa Buds by A. lineolatus, A. rapidus, and Lygus spp.,

St. Paul and Blackduck, Minnesota, 1940-1941-1942

Species
of Miridae

Exposure
to bugs

Ratio
Bugs: Buds

Total racemes
of buds

Buds
blasted

Hours Per cent

A. lineolatus 240 2: 1 14 100.0

A. 240 1: 1 19 100.0

Lygus spp . 240 1: 3 45 100.0

48 1 : 1 62 60.0

A. lineolatus 48 1 : 2 196 61.0

Lygus spp 48 1: 2 50 40.0

Combined:
A. lineolatu

A. rapidus 48 1: 2 50 50.0

Lygus spp.

Control None 0 : 125 125 14.0
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FIG. 2. Left: Development of flowers from alfalfa buds in insect-free cage
Right: Development of flowers from alfalfa buds in cage with A. lineolatus

(48-hour exposure)
(White object in each picture is three inches long)

Figure 2, left, shows the extent of flowering 20 days after
early-stage buds were caged free from insects. Forty-five racemes
of buds were used. Figure 2, right, shows the extent of flowering
20 days after early-stage buds were enclosed with A. lineolatus
which were allowed to feed for 48 hours at a ratio of 1 bug to 2
racemes. There were 36 racemes of buds.

FEEDING INJURY TO FLOWERS

Emphasis was placed on the role of minds (A. lineolatus, A.
rapidus, and Lygus spp.) as effectors of flower fall. Cage studies
were supplemented by field observations.

Whenever possible a series of four cages was placed on a single
alfalfa plant in order to prevent any variations which might re-
sult from genetic differences in alfalfa. One of the four cages
was free from these insects and thus served as a check or control

• against the others.
The insects were collected from alfalfa by means of a net and

an aspirator and were introduced into the- cages. Adults and
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late-instar- nymphs were encaged with the flowers; adults num-
bered 75 per cent of the total. The larger percentage of adults
and nymphs encaged for aggregate feeding by A. lineolatus, A.
rapidus, and Lygus spp. was A. lineolatus and Lygus_ spp. since
these were far more numerous under natural field conditions.

Exposures were either 24 or 72 hours. Feeding-injury studies
were carried out at St. Paul in 1941 and at Blackduck in 1942.

Only a single cage study of A. rapidus alone is included in
these data. This species is less important, principally because of
its lower intensity in this state, than either A. lineolatus or Lygus
spp.

Table 4 is a summary of the mind-feeding injury to alfalfa
flowers. There is sufficient evidence to conclude that, in cage
studies in the field, A. lineolatus causes more damage than the
other species considered, either separately or in combination.

The per cent of flower fall was determined when young pods
were developed to a point where they could be seen. This was
usually a week after the bugs were removed from the cages but
was sometimes as much as two weeks, depending on the time
required for pod formation. All of the flowers which had fallen
to the bottom of the cages and a few flowers which were .dead
but still attached to the plants were considered as flower fall.
. When A. lineolatus was caged with flowers for a period of 24
hours at a ratio of 1 bug to 5 flowers, the flower fall noted ap-
proximately 8 days later was 89.67 per cent. When the number
of flowers was increased so as to make ratios of 1 bug to 10
flowers or 1 bug to 15 flowers, the per cent of flower fall was
reduced.

With the exposure period 72 hours instead of 24 hours, where
A. lineolatus was encaged at ratios of 1 bug to 5 flowers and 1
bug to 10 flowers, there were flower drops of 98.22 per cent and
99.44 per cent, respectively.

Flower fall in the study of A. rapidus was 92.50 per cent at
a ratio of 1 bug to 5 flowers exposed for 24 hours.

The flower fall in cages with Lygus bugs was less than with
Adelphocoris bugs. The greatest amount of flower fall, 67.27 per
cent, was at the ratio of 1 bug to 5 flowers when the exposure
was 24 hours.

The cage studies indicate that the combined damage of A.
lineolatus, A. rapidus, and Lygus spp. is less than the amount of
damage caused by A. lineolatus or A. rapidus, but is more than
the amount of damage caused by Lygus spp.



Table 4. Summary of Feeding Injury to Flowers by A. lineolatus, A. rapidus, and Lygus spp., St. Paul and Blackduck, Minnesota, 1941-1942

Species of Exposure
insect to bugs

Hours

24

24

4

24

24

Combined:
A. lineolatus 24

Lygus spp. J 124

{
72
72
72

* Control studies detailed in table 5.

Ratio
Bugs: Flowers

Flowers
caged

(tripped)

Replica-
tions

Flower fall

Total Range Average
Control
cages*

Per cent Per cent Per cent
1: 5 755 151 677 93.60 . 86.21 89.67 42.63
1: 10 610 61 498 99.17 64.12 81.64 41.42
1: 15 600 40 377 72.22 53.33 62.83 36.68

1:2 5 80 16 74 92.50 17.65

1: 5 275 55 185 72.63 63.64 67.27 34.80
1: 10 400 40 254 73.75 55.38 63.50 38.32
1: 15 300 20 166 58.33 50.67 55.33 39.32

1: 5 525 105 385 87.59 64.29 73.33 31.27
1: 10 440 44 308 80.50 52.14 70.00 31.27
1: 15 315 21 175 60.00 51.11 55.56 31.27

1: 5. 225 45 221 100.00 96.84 98.22 47.06
1: 10 180 18 179 100.00 99.23 99.44 35.54
1: 15 165 11 137 100.00 76.67 83.03 35.54
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Tab!e 5. Summary of Data from Insect-free Cages Run as Controls for Bug Injury

Cages, St. Paul and Blackduck, Minnesota, 1941-1942

Species for which
control run

Ratio for which
control run

Bugs : Flowers
Flowers
caged

Flowers dropped

Number Number Per cent
: 5 441 188, 42.63

A. lineolatus :10 338 140 41.42
1:15 259 95 36.68

A. rapidus 1: 5 68 12 17.65

1: 5 273 95 34.80
1: 10 274 105 38.32

1: 15 295 116 39.32

Combined:
A. lineolatus : 5 307 96 31.27

A.. rapidus : 10 307 96 31.27

Lygus spp. : 15 307 96 31.27

: 5 119 56 47.06

A. lineolatus............................ ...................... 1 : 10
{1

121 43 35.54

1 : 15 121 43 35.54

Data obtained from observations on tripped and cross-pol-

linated flowers in insect-free or control cages are in contrast to

the data on mind-infested flowers. They are presented in table 5.

This table indicates the species of insect and the bug-flower ratio

for which each control was run.

Seventeen control cages were operated, some of which served

as checks on as many as three mind-infested cages. It will be

noted that the flower fall, while comparatively low in relation

to the caged insect injury, is still high. Approximately 35 per

cent (range, from 17.65 to 47.06 per cent) of the flowers dropped

from the alfalfa plants even when the flowers were tripped, cross-

pollinated, and caged free from insects. This being true, not all

flower fall in bug-infested cages is attributable to mind injury.

It would seem then that the difference between the flower fall in

bug-infested cages and the flower fall in control cages (mind-

free) would more nearly represent the actual damage resulting

from mind feeding (table 6) .

When considered in this manner, A. lineolatus at a ratio of

1 bug to 5 flowers was responsible, after 24 hours' feeding oppor-

tunity, for 47.04 per cent flower fall. The per cent of damage

decreased, though not proportionately, when there was a reduc-

tion in the number of bugs per flowers. This is similarly true

of Lygus spp. and of A. lineolatus, A. rapidus, and Lygus spp.

when considered together. Although the per cent of total flowers

injured decreased when the exposure period was 24 hours, there

was actually an increase in the number of flowers damaged by
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Table 6. Probable Extent of Flower Fall Caused by Mind Feeding

Expo-
Species sure

Ratio
Bugs: Flowers

Flower fall in Probable
flower
fall by
minds

Flower
fall
per
bug

Mind
cages

Control
cages

Hours Per cent Per cent Per cent
24 1: 5 89.67 42.63 47.04 4.48

A. lineolatus........................... .................. 24 1 : 10 81.64 41.42 40.22 8.16
24 1 : 15 62.83 36.68 26.15 9.42

1: 5 92.50 17.65 74.85 4.62

24 1: 5 67.27 34.80 32.47 3.36
1:24  10 63.50 38.32 25.18 6.35

24 1: 15 55.33 39.32 16.01 8.30

Combined:
A. lineolatus 24 1: 5 73.33 31.27 42.06 3.36
A. rapidus _....................................24 1: 10 70.00 31.27 38.73 7.00
Lygus spp. J 124 1: 15 55.56 31.27 24.29 8.33

72 1: 5 98.22 47.06 51.16 4.91
A. lineolatus.............................72 1: 10 99.44 35.54 63.90 9.94

72 1: 15 83.03 35.54 47.49 12.45

each insect (table 6) when the number of flowers was doubled
or tripled and the number of bugs remained unchanged. At a
ratio of 1 bug to 5 flowers all the flowers were likely visited and
some were revisited by the minds. When the ratio was 1 bug to
10 or to 15 flowers, the possibility of more flowers being visited
and the amount of injury being substantially increased was
amplified. The number of revisitations was probably reduced.

Lygus spp., at a ratio of 1 bug to 5 flowers, were responsible
for approximately 70 per cent as much flower fall in cages as
A. lineolatus at the same ratio; at a ratio of 1 bug to 10 flowers,
for 63 per cent; and at a ratio of 1 bug to 15 flowers, for 61 per
cent. A. rapidus cage studies indicate a high flower fall.

FEEDING INJURY TO ALFALFA-SEED PODS

In observation cages and in pod-injury cages, mind adults and
nymphs were seen feeding on young alfalfa-seed pods, especially
when there were few buds and blossoms. The injured pods
shriveled, turned brown, and usually dropped to the ground
within a few days following the injury. When 55 young pods
were subjected to A. lineolatus at a ratio of 1 bug to 5 pods for
120 hours, pod mortality was 94.6 per cent.

INSECT INJURY TO VEGETATIVE STRUCTURES

It would-seem that insects capable of killing buds, flowers, and
pods in the course of their feeding could also inflict severe dam-
age to other parts of the plant.

•
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Table 7. Effects of Mind Feeding on Growth of Alfalfa, St. Paul, 1941

Species Bugs
caged

Stems
caged

Expo-
sure .

Stem
height
at start

Stem
height
at end

Growth

Days Inches Inches Inches

A. hheolatus ____________ 24 3 24 12 12 None

A. Lheolalus ________ 15 3 24 12 12 None

Control (no bugs) 0 3 24 12 26 14

A. hheolalus ____________ 24 3 22 12 18 6
A. Lheololus _________ 15 3 22 12 18 . 6
Control (no bugs) 0 3 22 12 22 10

Nymphs of A. lineolatu,s, A. rapidus, and Lygus spp. feed on
the early growth stage of alfalfa with apparently little effect on
the vegetative parts.

It was observed that alfalfa in several fields that were heavily
infested with Miridae failed to bloom and the alfalfa stems grew
tall and slender, assuming a "stringy" appearance. •

When alfalfa plant bug (A. lineolatus) adults and some nymphs
were caged with alfalfa at the ratio of 8 bugs to 1 stem or 5 bugs
to 1 stem, the growth rate of the stems was obviously retarded.
Some stems failed to grow in height over a period of 24 days of
continual exposure to these insects, which decreased in number
during the period since they were not replenished. Others at-

tained a limited height in 22 days while stems in control cages

free from insects developed best, as shown in table 7.

Some mechanical injury to plant tissue naturally results from
oviposition in alfalfa stems. In addition to individual punctures
made for each egg, the stem occasionally splits for several inches
extending beyond the limits of the eggs. However, this injury

to the plants in general seems of little importance as such, but
could serve as a port of entry for possible plant pathogens.

ALFALFA FLOWER FALL UNDER NATURAL FIELD CONDITIONS

Alfalfa flowers were observed under natural field conditions
(St. Paul, 1940-1941) to determine the approximate extent of
flower fall. Alfalfa plants were selected at random and the
mature, untripped flowers thereon were used. Buds, pods, and
immature and wilted flowers were removed. Thirteen plants,
having a total of 1,125 flowers (table 8) , were examined at various
times during this phase of the study.

Of the total flowers, 91.82 per cent dropped to the ground or
shriveled without forming pods. It is probable that this high
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Table 8. Fall of Alfalfa Flowers under Natural Field Conditions, St. Paul, 1940-1941

Untripped Date Days Flowers Flower
flowers begun observed dropped fall

44 9/ 2/40 13 44
92 9/ 4/40 17 88
315 9/ 4/40 17 294
28 9/15/40 6 26
12 9/15/40 6 12
32 9/15/40 6 30
53 9/15/40 6 52
50 9/15/40 6 50
28 6/28/41 31 24
158 6/28/41 9 141
70 6/28/41 13 68
116 6/29/41 12 83
127 7/27/41 18 121

Per cent
100.00
95.65
93.33
92.86
100.00
93.75
98.11
100.00
85.71
89.24
97.14
71.55
95.28

1,033 91.82*

*Average is total flowers dropped divided by total untripped flowers.

mortality is due to several factors of which mind-feeding injury
is foremost. A. lineolatus and Lygus spp. were abundant in the
alfalfa fields; A. rapidus was found in small numbers.

Histological Studies of Alfalfa Flowers Injured by
A. lineolatus, A. rapidus, and L. Oblineatus

Histological studies were made on mind-injured flowers to
determine the nature of the injury.

PROCEDURE AND OBSERVATIONS

The initial stages of this investigation were conducted at
Blackduck, Minnesota (Beltrami County) , during the summers
of 1941 and 1942. Alfalfa flowers in the field were enclosed in
small insect-free celluloid cages several days prior to the time
known species of Miridae were introduced. The flowers were
checked at the end of this period to see that they were still de-
veloping normally.

Nymphs and/or adults of A. lineolatus (Goeze) , A. rapidus
(Say) , and L. oblineatus (Say) were then introduced into thQ
cages, usually with one to five of the injury-free flowers. They
were allowed to remain in the cages for different periods of time.
Observations were made to determine the extent of feeding. and
to ascertain what parts of the flowers were attacked.

The feeding was centered mostly on the basal area of the
- flower and particularly in the region of the ovary. The insects
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often fed from the sides of the flower, either through the calyx

or just above it. Sometimes they fed at the base of the receptacle

and occasionally they crawled to the open end of the corolla and

extended the mouth parts downward into the region of the ovary.

The act of piercing the flower required only a few seconds.

The head of the insect moved back and forth as the mandibular

stylets pierced the plant tissues. The mandibles and the enclosed

maxillae could be forced deep into the flower when the labium,

which does not puncture the plant tissues, was pushed back.

Liquid food could be extracted in this way. There was usually

a slight movement of the head as feeding progressed. This move-

ment was probably associated with a movement of the stylet tips

as new food sources were being tapped. The insects sometimes

fed for five or ten minutes without completely withdrawing the

mouth parts from the plant tissues and sometimes they moved

from one flower to another during the course of a few minutes.

In cages and in the open field, adults and nymphs of one or

more species of Miridae often fed simultaneously on the same

flower.
After the insects had been caged with the alfalfa for a known

number of hours or after they were known to have fed on

flowers, they were removed from the cages. Some of these

flowers were preserved immediately; others were left to develop

further injury and were then preserved.

Similar cages were placed over alfalfa reproductive parts

which were never subjected to mind injury. These served as

controls.
PREPARATION OF FLOWERS

Plant tissues were fixed in Randolph (13) "Craf" fluid, F. A. A.

(Formalin acetic alcohol) , and Bouin's solution. The Craf schedule

was used for the most part and was quite satisfactory. The tis-

sues were left in Craf 24 hours, then washed and stored in 70

per cent ethyl alcohol until needed for sectioning and staining.

The laboratory phases of the histological study were completed

in the technique laboratory of the Botany Department, Univer-

sity of Minnesota, where• equipment and materials for this work

were made available.

Ordinary methods were used in the infiltration with paraffin

and in embedding the tissues.

Microtome sections 12 kt thick were prepared using a Spencer

rotary microtome and were placed on slides serially and in chrono-

logical order. Sections, mostly sagittal and parasagittal and num-
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bering from 4 to 20 depending on the cover slip size, were mounted
on each slide.
A staining procedure, based on that described by Sass ( 15),

was employed in running the slides through the final stages. It
was necessary to vary the time required for several of the solu-
tions since not all tissues absorbed and retained the stains equally.

INSECT INJURY TO FLOWERS

Mind injury to flowers is thought to be partly mechanical
caused by the piercing mandibular stylets of the insects, but
primarily due to a phytotoxic or toxiniferous substance which is
secreted with saliva and which breaks down the cells.

Smith ( 17) showed rather conclusively that two "capsid bugs,"
(Plesiocoris rugicollis and Lygus pabulinus) of the family Miri-
dae, related to the insects included in the present study, produced
a chemical substance which damaged plant tissues. When salivary
substance from these capsids was artificially introduced into apple
leaN'Tes and fruit, the resulting injury was similar to that caused
by the direct feeding of these insects.

Mind injury to alfalfa flowers is localized. It spreads to cells
surrounding the feeding punctures made by these insects and
eventually to other parts of the injured flower, but it does not
affect the raceme of flowers as a whole since abscission of the
single flower occurs within a few days.

The cells around the feeding punctures die and disintegrate.
In some flower-section series, the disintegrating areas, which
stained deeply, could be traced microscopically through the ovary
wall to the ovules.

The path taken by the mandibular stylets was not determined.,
but it is thought, from the appearance of the injury and consider-
ing the relatively large size of the insects with their strong mouth
parts, that feeding is both inter- and intracellular.

Feeding punctures could not be seen but cells in the injured
area absorbed stain more readily than others. The disintegrating
cells were discernible in 18-hour injury where the necrotic tissue
stained deeply. In sections made from flowers taken from control
or mind-free cages, no such injury appeared.

An injury-free section is shown in figure 3. Progress of injury
is shown in figures 4, 5, 6, and 7 which are A. lineolatus injury
within 2, 18, 48, and 84hours, respectively.

A. lineolatus injury of two hours' duration appeared 'in the
ovary wall of an alfalfa flower as shown in figure 4. The feeding
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FIG. 3. Photomicrograph of alfalfa flower without mind injury (X 32)



FIG. 4. Two-hour injury to alfalfa flower caused by A. lineolatus feeding
(photomicrograph X 120)
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punctures could not be distinguished but several cells in the im-
mediate area of the injury reacted positively. These cells ab-
sorbed safranin to a much greater degree than those nearby and
were apparently obstructed.

After 18 hours, injury initiated by A. lineolatus was in an
advanced stage. Many cells of the ovary wall and of the ovules
in the vicinity of the feeding punctures had disintegrated and
others had collapsed, leaving the affected areas in a shriveled
condition as shown by the dark-stained areas in figure 5.

Ovules had completely deteriorated in 48-hour A. lineolatus
injury and the cells of the apical half of the ovary wall were
necrotic and disorganized (figure 6) . Vascular tissues in the base
of the flower absorbed safranin to a large extent which suggests
a corresponding spread of injury. In 84-hour A. lineolatus injury
(figure 7) , necrosis was still more advanced.

L. oblineatus causes damage to the ovary and ovules of alfalfa
flowers in much the same way as A. lineolatus. Lygus damage, 6
hours after the insects fed on flowers, was in an early stage. There
was a general. necrosis of the affected cells of the ovary wall
(figure 8) with shrinkage. •

Eighteen-hour cell disintegration caused by L. oblineatus is
pronounced in the ovary wall and in the ovules (figure 9) .

Figure 10 shows 18-hour A. rapidus injury to the ovary and
ovules of an alfalfa flower. Numerous openings in the ovary wall
resulted from a breakdown of the cells in the proximity of the
feeding punctures.

The breaking-down of the cells of the ovary and ovules re-
sulting from mind-feeding, as shown, causes many of the flowers
to fall and thus contributes to the reduction in seed.

Carlson (3) published his findings on the relationship of Lygus
hesperus Knight and L. elisus Van Duzee (Miridae) to alfalfa-
seed production in Utah. He reported that the damage caused
by these Lygus bugs to alfalfa buds and flowers is an important
factor affecting alfalfa-seed production in that state.

Description of Miridae Studied with Special Reference
to Adelphocoris lineolatus (Goeze)

The alfalfa plant bug, Adelphocoris lineolatus (Goeze)

MALE-Green or greenish-yellow tinged with brown; pre-
served specimens yellowish tinged with brown. Body elongate,
sides nearly parallel, clothed with simple yellow pubescence.



FIG. 5. Appearance of extensive necrosis of alfalfa ovary and ovules 18
hours after A. lineolatus feeding (photomicrograph X 55)



FIG. 6. Injury to alfalfa flower 48 hours after A. lineolatus feeding
(photomicrograph X 55)


