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LYGUS BUG INJURY AND ITS EFFECT ON
THE GROWTH OF ALFALFA'

LEE R. JEPPSON? AND G. F. MACLEOD?

HISTORY OF THE PROBLEM

THE ¢roUP of hemipterous insects belonging to the genus Lygus, of the family
Miridae, has long been recognized as injurious to many agricultural crops
and ornamental plants. In the past fifteen years two species of this genus—
L. hesperus Knight and L. elisus Van Duzee—have been shown to cause flower
drop and injury to pods and seeds of beans (Shull, 1933) ;* flower drop and
shriveled seed in alfalfa (Sorenson, 1936, 1939 ; Shull, Rice, and Cline, 1934)
and sugar beets (Hills, 1941 ; Hills, 1943) ; and shedding of the squares and
other injury to cotton (McGregor, 1927 ; Ewing, 1929 ; Cassidy and Barber,
1939). As a result of these findings much information has been accumulated
on the biology of these insects in relation to each of these host crops (Shull,
1933 ; Sorenson, 1939; and Smith, 1942).

The relation of lygus bugs to flower drop and shriveled seed of alfalfa has
been the subject of extensive investigations by Sorenson (1932, 1939), Shull,
Rice, and Cline (1934), Carlson (1940), and Stitt (1940), in which they have
shown the importance of these insects in limiting alfalfa seed production.

Shull, Rice, and Cline (1934) were the first to suggest that lygus bugs might
be a factor in alfalfa hay production. In their experiments, they put cages
over four areas, each of which had from 17 to 20 plants. Two of these plots
served as checks; on the others a population of bugs was maintained. An
average of 17.5 per cent less hay was produced in the infested than in the
check cages. Sorenson (1939) confined lygus bugs on alfalfa plants, and
measured the lengths of the stems at various intervals. He found 8 to 35
per cent reduction in the length of the stems as a result of injuries caused
by the bugs.

After the present study was under way, Carlson (1940) published investi-
gations in which he measured the stem lengths of plants which had been grown
in the field and kept free from lygus bugs by being dusted five to seven times
a week with a pyrethrum-sulfur mixture. Upon comparing the stems of pro-
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tected plants with those of naturally infested plants he found an average
difference in length of 6.8 inches in 22 days of growth. He observed, however,
an increase in the number of stems—from 24 on protected plants to 40 on
infested plants—but the number of leaves on the stems were about equal.
This would indicate that the insect injury resulted in more stems but shorter
lengths. Carlson also found that the air-dried forage of plants continuously
infested with lygus bugs weighed significantly more than that from plants
uninfested from the prebud stage until seed harvest.

From this review of earlier work, it is apparent that the investigators are
not agreed on the extent of injury done by this group of insects to the vegeta-
tive growth of alfalfa. Neither is it possible by field observation to determine
whether or not there is definite reduction in yield of forage alfalfa attributable
to lygus bugs. This paper reports the results of greenhouse studies on the
effect of feeding by lygus bugs on the total growth of alfalfa plants, and the
nature of the feeding injury to the plant tissues.

HISTOLOGICAL STUDIES OF LYGUS BUG INJURY
TO ALFALFA PLANT TISSUES

It is well known that lygus bugs usually feed at the growing tips, the inter-
nodes, and on the flowers and seeds of alfalfa plants. Although Carlson (1940)
has adequately studied the effects of lygus bug feeding on flower buds and
seeds, no information was available on the effects of injury by these insects
upon the vegetative growth of alfalfa plants. Accordingly, histological studies
of injured and normal-growth shoots of alfalfa plants were inaugurated.

The alfalfa stems used to study the nature of the damage to the growing
tips were taken from artificially infested plants. The stems of potted alfalfa
plants were cut 215 inches above the crown. The plants were immediately
caged and given opportunity to grow until the stems reached a length of 2
to 10 inches—according to the height desired—at which time 20 to 25 lygus
bugs were introduced into the cages. After the plants had been exposed for
12 hours the bugs were removed and the plants recaged. Two or three terminal
buds were removed after 24, 48, and 96 hours, and fixed in formalin-acetic-
acid-aleohol for histological study. The buds were imbedded in paraffin, sec-
tioned by the ordinary methods, and stained with iron hematoxylin at pH 1.4
according to the technique deseribed by Craig and Wilson (1937).

Carlson (1940) found a collarlike area of discoloration surrounding a
small perforation at the point where the insect’s stylets had penetrated.
Complete disintegration had followed, and this had resulted in the death
of the injured buds. Carlson observed that dead buds frequently remained
attached to the floral axis, more or less retaining the size and shape they
had at the time of injury.

In these studies disintegration and complete breakdown of the young ovary
were indicated in sections made of injured alfalfa flower buds. Plate 1, A4,
shows a raceme with several young ovaries that were completely disinte-
grated. An uninjured raceme is shown in B. Sections made of apical growing
regions, axillary stems, and leaf primordia show a similar disorganization
of the tissue surrounding the puncture made by the inseect’s stylets, and a
complete disintegration of a relatively large area of meristematic tissue at
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the growing regions—terminal and lateral buds (plates 2 and 3). Observa-
tions made of injured stems indicate that stem elongation continues, though
somewhat retarded, unless the new growth is impaired by continued insect
feeding. This increase in stem length appears to take place either by a substi-
tution of lateral bud primordia for the normal growing tip or by the regenera-
tion of a new growing region from uninjured meristematic cells near the area
of injury. Pilkington (1929) found that a regeneration took place in Vicia
Faba and Lupinus albus after a considerable portion of the terminal meristem
was injured. She states, “It is probable that not only that part of the growing
point which lies above the youngest primordia is capable of giving rise to a
new apex, but any undamaged superficial area of the meristem either above
or between the youngest leaf primordia.”

In the limited number of cases of lygus bug injury observed by the writers,
the terminal meristem appeared to be completely destroyed. The lateral bud
primordia were stimulated into activity and later developed into the growing
apex of the stem. Plate 3 shows a longitudinal section through an injured
stem tip 4 days after the bugs were removed from the plant. The well-
developed, uninjured axillary bud at the right has reached the same trans-
verse plane as the terminal growing region which had been destroyed by the
feeding of the insects. In normal alfalfa tips (plate 4) the axillary buds first
appear as small groups of dark-stained meristematic cells at the axils of the
leaf primordia. As these develop, the growth at the apical meristem increases
the stem length to such extent that when the lateral buds reach the stage of
development shown in plate 3 they are a considerable distance below the
terminal growing region. The presence of a lateral bud on the same plane as
an injured terminal indicates that it is in the process of being substituted
for the normal growing tip. In plate 2, B, a new terminal apex has been formed
at a after the terminal region at b had disintegrated as a result of feeding.

One of the characteristic symptoms accompanying an infestation of lygus
bugs on alfalfa stems is the erinkled and misshapen leaves. Inasmuch as the
bugs do not normally feed upon the leaves and as attempts to produce these
symptoms artificially by confining bugs to the leaves have failed, it appears
that these deformities are initiated in the leaf primordia. Disintegrated areas
may be seen in plate 2, A, at @, surrounding the punctures made by the bug
stylets in the young leaves which enclose the growing tip of the stem. When-
ever these damaged areas occur in a young leaf, growth appears to be retarded
in the area of the injury and the leaf develops unsymmetrically. This type of
growth results in an irregular or deformed leaf. When the young leaves that
surround the apical tips of alfalfa stems are examined several days after
injury has occurred (plate 2, A at b and B at ¢), the beginning of such irregu-
larities may be observed.

The histological studies of injury by lygus bugs to the growing points of
alfalfa plants make it apparent that definite, measurable decreases in growth
and in yield of forage should oceur. To test this theory under field conditions
would be difficult, if not impossible, because of the many complex factors in-
volved. It was therefore considered desirable to conduct experimental studies
under greenhouse conditions where both insects and plants could be subjected
to some degree of control.
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GREENHOUSE STUDIES ON THE EFFECTS OF LYGUS BUG
INJURIES UPON THE GROWTH OF ALFALFA PLANTS

At the beginning of these studies it was recognized that success in measur-
ing the effects of injury by an insect species on the growth increment of a
plant depended upon the degree to which the environmental conditions and
the genetic constitution of both the plant and the insects were controlled with-
out greatly changing the growth characteristics of the plant. Special effort,
therefore, was made to control growing conditions by selecting plants which
showed similarity in native vigor of growth; by growing plants in water cul-
tures with controlled nutrient solutions ; and by confining the bugs within the
type of cage that would influence to the least possible degree the growth rate
of the alfalfa plants.

Ezperimental Methods.—The plants used in these experiments were started
from selected common alfalfa seed. The seeds were sprouted and grown in
sand culture until they reached an average height of about 3 inches. The
young plants were then transferred to tanks containing water culture solution.
The cultural methods were adapted from those used by Hoagland and Arnon
(1938).

Shull (1933), Sorenson (1939), and others who have made studies on the
life history of Lygus hesperus and L. elisus have reported difficulty in main-
taining populations under artificial conditions. Attempts made by the present
writers to build up a population in the laboratory failed to supply sufficient
insects for the greenhouse studies; therefore the bugs used in these studies
were collected from alfalfa fields with an insect net, and transferred by means
of an aspirator.

It was recognized that the growth rate of a plant may be greatly influenced
by the type of cage needed to confine small insects. For this reason special
attempts were made to minimize and to measure the influence of the cage upon
the plant growth rate.

Cages were constructed of a cellophane which was permeable to moisture.
They were 114 feet high and somewhat conical in shape. The smaller end was
glued to the metal ring of a fruit jar lid and placed over the cork used to sup-
port the plant in the tank. Air was forced into each cage in order to increase
ventilation and circulation so that excessively high temperatures might be
avoided. The air was supplied from the laboratory air-pressure system, and
led from the outlet to the cages through rubber tubing. In order to maintain
uniform pressure, and to equalize the air to the various cages, a glass tube
having a small terminal diameter was connected to the end of each rubber
tube and inserted through a perforated cork fixed in the wall of the cage. A
thermometer was placed in one of the cages in order to check the temperature
at various times of the day.

At the close of the sixth growth period these cages were discarded because
it appeared that the size of the cage near the base was of insufficient diameter
to permit adequate air circulation at the crown of the plant. This defeet had
resulted in the condensation of moisture at the base of the cage, and the devel-
opment of mold on some of the largest and apparently most healthy plants.
This factor was thought to be responsible for the early death of some of the
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plants. New cages, 11 x 9 inches and 2 feet high, were constructed. These were
of sufficient size at the base to cover four plants. The frames were made of
wood and were covered, except at the base, with transparent, moisture-
permeable cellophane. A strip of cotton was glued around the bottom of each
cage to prevent the bugs from crawling under the edge. Air was forced into
each cage, as it had been in the others, but the air flow was increased to allow
for the increased volume of the new cages. These were used during the seventh
and eighth growth periods of experiment A, and during the sixth and eighth
periods of experiment B.

Even though a continuous air stream was introduced into these cages, the
changes in environmental conditions, caused by enclosure, were sufficient to
reduce materially the growth rate of the caged plants. A few plants in experi-
ment A, which were not caged until 131 days after they had been placed in
tanks, grew from six to nine times as rapidly as those which had been caged
during the entire period. The weights of plant tops taken at each cutting
after the plants were 131 days old showed that uncaged plants had produced
two to three times as much growth as those caged. Weights of uncaged plant
tops are not included in the tables of this paper. The controls refer to caged
plants which were free from bugs.

The reduction in growth rate caused by the cages did not appear to be due
to any one factor. The plants enclosed unquestionably were shaded somewhat
by the cages themselves, as the cellophane cast a definite shadow ; however, the
majority of the uncaged plants were also partially shaded by the cages of
surrounding plants. Another factor which may have contributed to the redue-
tion in growth was the constricting effect of the base of the cage. An attempt
to eliminate this factor by increasing the size of the cages failed to increase
the growth increment of the plants. A third factor which may have retarded
growth within the cages was the quantity of air reaching the plant. It is pos-
sible that insufficient air was supplied to the plant to permit normal exchange
of gases at the leaf surfaces. Plant physiologists have shown that the amount
of carbon dioxide may be the limiting factor in plant growth. Meyer and
Anderson (1939) state that “Under natural conditions during the summer
months in temperate regions the carbon dioxide concentration of the atmos-
phere is most frequently the limiting factor in photosynthesis for all photo-
synthetic tissues which are well exposed to light.” No ready explanation is
available of the limitation in growth of these alfalfa plants as a result of
enclosure. .

Ezperiment A.—In experiment A, 96 alfalfa plants were selected on the
basis of uniformity of size, and placed in the tanks. These plants were per-
mitted to grow for 60 days; at the end of that period they were rearranged
so that the largest plants were placed in tank A and the smallest in tank H.
Case histories were kept. of each plant through nine growth periods. At the
close of each period the plant stems were cut 214 inches above the crown,
weighed, and placed in sacks. They were then dried at 60° C for 24 hours,
after which time they were stored at room temperatures until their weight
became constant. The dry weight was then recorded.

In the first three growth periods the plants were left unexposed to insects
so that they might become established. However, in each tank all plants, with
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the exception of two, were caged during the second and third periods. The
fourth, sixth, seventh, and eighth periods were used to determine the influence
of various numbers of bugs on each plant; during the fifth and ninth periods
the plants were permitted to develop without injury in order to ascertain the
influence of feeding, by the various bug concentrations, upon the following
growth period. By the close of the ninth period some of the plants had died.
It was also observed that differences in growth increment, due to the treat-
ment the plant previously had received, were gaining magnitude ; therefore,
it was decided to discontinue the case histories.

Six treatments were made in each of the fourth, sixth, seventh, and eighth
cuttings. During every growth period, each treatment was replicated twice

TABLE 1

MEAN DAILY DRY-WEIGHT GROWTH INCREMENT OF PLANTS DURING THE
FirsT 111 DAYS IN EXPERIMENT A*

Mean daily growth increment, in milligrams,
Age according to tank number A;eyf.ge
Cutting of plant, al yh
days . growt
1 2 3 4 5 6 7 8 increments
First.............. 73 10.9 7.5 12.2 13.3 8.8 1.7 7.9 5.8 9.7
Second............ 97 40.0 29.8 37.4 33.8 16.1 33.0 24.7 26.6 30.2
Third.............. 111 120.6 96.5 | 110.0 89.8 | 128.0 98.7 93.3 91.1 103.5
Average growth in-
crement per tank 57.2 4.6 53.2 45.6 50.9 47.8 41.9 41.2

* Each mean based on 12 plants in each tank. No significant differences.

in each of the 8 tanks. Because of the difficulty in determining the exact
number of bugs alive in each cage, no attempt was made to maintain the origi-
nal population throughout the experiment; no additional bugs were intro-
duced -after the original infestation.

Ezxperiment B.—In experiment B, 108 plants were placed in 9 tanks and
cultured as those of experiment A. During the first 42 days of growth, which
comprised two growth periods, no cages or bugs were placed on the plants.
During the third and fourth periods, single plants were caged and the treat-
ments were replicated twice in each tank and randomized on a tank basis.
Cages sufficiently large to cover four plants were used for the sixth and eighth
periods, and only three treatments were made in each tank. The treatments
were then randomized among the 9 tanks. Cages were removed from the plants
for the fifth, seventh, and ninth periods in order to ascertain the influence
of injury received by the plants as a result of bug feeding, on the subsequent
growth of the plants.

Results—The results were compiled on the basis of the daily growth incre-
ment of each plant. This was obtained by dividing the weight of each plant
when harvested, at the end of the period of growth, by the number of days
in the period. This will be referred to as growth rate, or increment, in the
tables'and the discussion.

A steady increase in growth inerement was apparent in the 111 days that
were allowed for the plants to become established in experiment A (table 1).
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Analysis of the weight samples taken three times during this period shows
that the growth rate of each plant within a single tank was proportional to the
other plants in the same tank, and that the plants of one tank increased in
growth increment in proportion to the plants of the other tanks.

The symptoms resulting from the injury caused by the lygus bugs vary
according to the severity of the damage. The injured plants were darker in
color, the leaves more ovate, crinkled, and misshapen than the leaves on
healthy plants. In cases of extreme injury the leaves were very small, the inter-
nodes short, and the stems thin and erooked.

The growth rate during the fourth growth period was greatly reduced when
lygus bugs were confined on a plant. Table 2 shows the mean growth increment

TABLE 2

MEAN DAILY GROWTH INCREMENTS OF PLANTS INFESTED WITH LYGUS
Bugs IN THE FOURTH GROWTH PERIOD OF EXPERIMENT A *

Mean daily growth Per cent growth
in st | it oheek piants | morsrure
Number of bue
Fresh Dry Fresh Dry plants
weight weight weight weight
Control................. 696 100.4 100.0 100.0 85
2 260 45.1 37.4 44.9 82
L S 298 4.7 4.4 4.5 85
B 198 33.7 28.7 33.5. 83
16, i 116 16.8 16.6 16.7 85

* Each mean based on 16 plants.
Least difference for significance in weight at the 5 per cent level: fresh
weight, 161.89; and dry weight, 15.39. At the 1 per cent level: fresh weight, 218.42; and
dry weight, 20.77.

of the 16 plants in the check and with each of four populations of bugs.
Analysis of these data indicated that differences in treatments, when expressed
either as green, or as dry weight, were highly significant. The least significant
difference between means based on fresh weight was 161.89 milligrams, and
on dry weight, 15.39.

In general, the growth of the plants was more rapid when there were fewer
bugs feeding on them. When 2 to 4 bugs fed on plants of this size (fourth
period of experiment A) the growth rate was reduced to about 45 per cent of
that of the check plants; and when 8 and 16 bugs were introduced, the growth
rate was reduced to about one third and one sixth, respectively, as compared
with untreated plants. There was no difference in the growth increment of
plants exposed to the feeding of 2 as compared with that of 4 bugs (table 2).
The mean differences in fresh weights of plants having 2 and 16 or 8 and 16
bugs on each plant were not of sufficient magnitude to be significant at the
5 per cent level, whereas the dry-weight differences were significant. The
moisture content of the plants, however, varied no more than 3 per cent be-
tween any of the treatments, and plants subjected to the feeding of 16 bugs
had as high percentage of moisture as the check plants. Differences in weights
obtained between infested and uninfested plants are therefore not a direct
result of the removal of the plant juices by these sucking insects, but are
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measurements of the top growth produced by the alfalfa plants. The data
indicate that the primary cause of reduced growth is not a disturbance of
water balance in the plant caused by removal of water through the feeding
of the insects. :

The results from the sixth growth period are shown in table 3. The decrease
in growth inerement, as a result of infestation, is not of the same magnitude

TABLE 3

MEAN DAILY GROWTH INCREMENTS OF PLANTS INFESTED WITH LYGUS
Bugs IN THE SIXTH GROWTH PERIOD OF EXPERIMENT A*

Mean daily growth Per cent growth
increment increments as compared | Per cent
Number of bugs in milligramst with control plants moisture
on each plant oox:)tent
Fresh Dry Fresh Dry plants
weight weight weight weight
735 99.5 100.0 100.0 86
711 109.9 96.7 110.4 84
686 101.0 93.2 101.8 85
508 84.0 69.1 84.3 83
423 74.0 57.5 74.3 82

* Each mean based on 16 plants.
1 Least difference necessary for significance in weight at the 5 per cent level: fresh
weight, 221.45; dry weight, no significant differences.
TABLE 4

MEAN DAILY GROWTH INCREMENTS OF PLANTS INFESTED WITH LYGUS
BuGs IN THE SEVENTH GROWTH PERIOD OF EXPERIMENT A*

Mean daily growth Per cent growth
increment increments as compared | Per cent
Number of bugs in milligramst with check plants lzé)xilstt;\lxﬁe
on each plant o
Fresh Dry Fresh Dry plants
weight weight weight weight
430 70 100.0 100.0 83.7
380 64 88.3 91.4 83.2
338 56 78.6 80.0 83.4
270 52 62.6 74.3 80.7
310 57 72.1 81.4 81.6

* Each mean based on 16 plants.
t No significant differences.

as was shown during the fourth period. The variations in weights within treat-
ments also were greater. As a result, an analysis of the fresh weights showed
significant differences between bug populations at the 5 per cent level, whereas
the results of dry weights were under this level for significance. There was,
nevertheless, considerable reduction in growth increment when 8 and 16 bugs
were confined with the plants. The amount of moisture in the plants upon
which 8 or 16 bugs were confined was 4 to 5 per cent less than the checks. This
difference is small and not statistically significant; therefore, it may be at-
tributed to experimental error, although the point should not be entirely
ignored, for it occurs also in the seventh period of experiment A (table4) and
the third and fourth periods of experiment B (tables 7 and 8, respectively).
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The results showing growth inecrement of the seventh period (table 4) indi-
cate a reduced rate of growth as the number of bugs was increased, except
that when 16 bugs were introduced to each plant the growth rates of each
plant averaged slightly more than with plants subjected to the feeding of 8
bugs. These differences between treatments, however, because of the degree

TABLE 5

MEAN DAILY GROWTH INCREMENTS OF PLANTS INFESTED WITH LYGUS
Buas IN THE EIGETH GROWTH PERIOD OF EXPERIMENT A *

Mean daily growth Per cent growth
et | e ek plamts | moysture
Number of bugs ot
Fresh Dry Fresh Dry plants
weight weight weight weight
381 76 100.0 100.0 80.0
373 7 97.9 93.4 80.9
427 75 112.0 98.7 82.4
. 383 64 100.4 84.2 83.2
310 62 81.4 81.5 80.0

* Each mean based on 16 plants.
t No significant differences.

TABLE 6

AGE oF PLANTS, INTERVALS BETWEEN CUTTINGS AND INFESTATION, AND LENGTH OF
FEeEDING PERIODS AS REFLECTED IN PERCENTAGE REDUCTION
OF PLANT GROWTH IN EXPERIMENT A

Mean percentage reduction in weight of plants when infested
with varying numbers of bugs per plant
Days Number
Age of ‘between of days
plants cutting and | plants were 2 bugs 4 bugs 8 bugs 16 bugs
in days ug subjected
infestation to injury
Fresh | Dry | Fresh | Dry | Fresh Dry | Fresh | Dry
weight | weight | weight | weight | weight | weight | weight | weight
135 3 20 62.6 55.1 55.6 55.5 71.3 66.5 83.4 83.3
177 13 8 3.3 10.4* 6.8 1.8*| 30.9 15.7 42.5 25.7
203 12 14 11.7 8.6 21.4 20.0 37.4 25.7 27.9 18.6
238 8 27 2.1 6.6 12.0* 1.3 0.4* | 15.8 18.6 18.5
* Increase.

of variation within each treatment are not of sufficient magnitude to be sig-
nificant at the 5 per cent level. A small decrease in water content was indicated
in the plants that produced the least growth.

The differences between treatments during the eighth growth period (table
5) were not sufficient to show significance when fewer than 8 bugs were intro-
duced to the plants, but those exposed to 16 bugs showed a growth which was
only 81 per cent of that of the check plants.

A comparison of the effect of lygus-bug feeding on plant growth at several
intervals of development (table 6) indicates that more bugs were required to
retard substantially the growth rate when the plants were young than when
they were older and had acquired a larger root system. The first introduction
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of bugs was made only 3 days after the plants were cut; later introductions
were made after 8 and 13 days had expired. The length of time in which the
bugs were on the plants was less, in the last period, when their influence was
of lower magnitude, than in the first period. This suggests that injury to
the plant, immediately after cutting, more seriously reduced plant growth
than after the plant stems had become well started in development.
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Fig. 1.—Reduction in daily fresh-weight growth increment in experiment A as a result
of feeding by varying numbers of lygus bugs. The daily growth increments of each plant of
the previous period were subtracted from those of the period shown, and the resulting means
of each bug population were subtracted from those of the check plants. Each value repre-
sents the mean of 16 plants.

The decrease in growth rate caused by an increase in bug population, is
more consistent when the results from each cutting are compared with those
of the previous cutting (figure 1). These graphs also emphasize the lessened
influence of corresponding populations of bugs as the plants increased in age.

The results from the second group of plants (experiment B) show a de-
crease in growth inerement as the number of bugs is increased (much as those
of the first group) ; however, the magnitude of the differences was not so great
in the third and fourth periods as it was in the fourth period of experiment A.
During the sixth to eighth periods the reduction of growth was greater when
2 or 4 bugs were introduced in the second group of plants than in the first
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group. During the third growth period of experiment B (table 7) there were
no significant differences in plant growth as a result of feeding by different
bug populations, when measured by either dry or fresh weight; however,
mean weights of plants upon which 3 to 9 bugs were fed were less than the
untreated plants.

TABLE 7

MEAN DAILY GROWTH INCREMENTS OF PLANTS INFESTED WITH LYGUS
Bugs IN THE THIRD GROWTH PERIOD OF EXPERIMENT B*

Mean daily growth Per cent growth
increment increments as compared | Per cent
Number of bugs in milligramst with check plants moisture
on each plant coﬁent
Fresh Dry Fresh Dry plants
weight weight weight weight
Control................. 521 71 100.0 100.0 86.3
B 532 72 102.1 101.4 86.4
B 392 62 75.2 87.3 84.2
B 431 67 82.7 94.3 84.4
9 344 67 66.0 94.3 80.5

* Each mean based on 18 plants.
t No significant differences.
TABLE 8

MEAN DAILY GROWTH INCREMENTS OF PLANTS INFESTED WITH LYGUS
Bugs IN THE FoURTH GROWTH PERIOD OF EXPERIMENT B*

Mean daily growth Per cent growth
increment increments as compared | Per cent
Number of bugs in milligramst with check plants moisture
on each plant col;tent.
Fresh Dry Fresh Dry, plants
weight weight weight weight
362 53 100.0 100.0 85.3
299 45 82.8 84.9 84.9
210 42 58.0 79.2 80.0
143 27 39.5 51.0 81.1
153 33 42.2 62.2 78.4

* Each mean based on 18 plants.

t Least difference necessary for significance in weight at the 5 per cent level: fresh
weight, 148.09; and dry weight, 23.52. At the 1 per cent level: fresh weight 199.42; and dry
weight, no significant differences.

Both the fresh and the dry weights taken from the fourth period (table 8) of
experiment B indicate that when alfalfa plants were exposed to the feeding
‘of 2 to 16 bugs the growth rate was significantly retarded. A difference of
more than 148.09 milligrams fresh weight and 23.5 milligrams dry weight
between any treatments is significant. Three or more bugs, therefore, reduced
growth significantly over the check, and 6 and 9 over those plants upon which
1 bug was feeding (table 8). There was a variation of about 7 per cent in the
moisture content between treatments, and plants fed upon by 9 bugs had the
lowest percentage of water.

The results of the sixth and eighth growth periods also correspond to those
of the other periods in reduction of growth increment when plants were ex-
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posed to the feeding activities of the insects. During the sixth period, treatment
was made 4 days after cutting, and 4 bugs reduced growth to less than 70 per
cent as much as that of the check plants (table 9). Analysis of the dry-weight
increments indicated that the differences in means could not be entirely attrib-
uted to experimental error. At the eighth cutting the growth increment of
plants exposed to 2 bugs was 63 and 74 per cent in fresh and dry weight,
respectively—as much as in untreated plants.

It was not possible to count the number of living bugs present on a plant
without removing the cage; therefore, the number which survived was not

TABLE 9

MEAN DALY GROWTH INCREMENTS OF PLANTS INFESTED WITH LYGUS
BuGs 1IN THE S1XTH AND EIGHTH GROWTH PERIODS OF EXPERIMENT B*

Mean daily growth Per cent growth
. incyﬁgnent incre}nfngs ai colmpared Per cent
Number of bugs in milligrams with check plants moisture
on each plant cox:)tent
Fresh Dry Fresh Dry plants
weight weight weight weight
Sixth period
Control................. 240 44.7t 100.0 100.0 82.9
S 160 29.0t 66.7 68.3 82.5
Eighth periodt
Control................. 190 28.0 100.0 100.0 85.7
2 120 20.0 63.1 74.0 83.3

* Weights of controls represent the mean of 32 plants; all others, 64 plants.

t Difference between these means necessary for significance at 5 per cent level is 14.01.

1 No statistical analysis was made for this period because a large number of plants
was missing.

determined until the alfalfa was cut. No correlation could be made between
growth and the length of time the insects survived on the plants; however, a
relationship between the number of bugs surviving at the close of each period
and the growth of the plants can be shown. Tables 10 and 11 show the dry-
weight daily growth increment of all plants over which individual cages were
placed, and the number of living bugs found at the end of the period.

It appears from a study of these tables that the average weights of plants
supporting the largest number of living lygus bugs, at the end of each treat-
ment, was greater in 11 of the 20 treatments than the weights of plants on
which the bug mortality was 100 per cent. At first glance it seems paradoxical
that the results should indicate a reduction in growth rate when the initial
bug population was increased and yet show less decrease in growth rate of
plants which supported the largest percentage of the population throughout
the entire growth period. Observations have shown that these lygus bugs feed
largely on the meristematic tissue of the growing alfalfa stem. It is possible
that 2 or more bugs continually feeding on the growing tips of an alfalfa plant
may make the plant less suitable as food unless the plant is able to produce



November, 1946] Jeppson—MacLeod: Lygus Bug Injury on Alfalfa 177

TABLE 10
MEAN DAILY DRY-WEIGHT GROWTH INCREMENT OF PLANTS ARRANGED
ACCcORDING TO NUMBER OF LYGUs BUGSs LIVING AT CLOSE
OF PERIOD IN EXPERIMENT A

Increments of growth in three periods,
Number of expressed in milligrams
Number of bugs introduced| bugs living
per plant at end
of period Fourth Sixth Seventh
period period period
0 56 48* 75
2 e 1 43 86 60
2 33 133
0 45* 125* 44
4o 1 42 97 59
2-4 55* 86
0 40* 65*
B 1-3 35 79 42
4-8 40 89 37
0 40* 47* 35
16, i 1-3 15 73 ' 43
4-8 12 46* 69
9-16 24 101 81

* Means taken from only 1 to 3 plants.

TABLE 11
MEAN DAILY DRY-WEIGHT GROWTH INCREMENT OF PLANTS ARRANGED
AccorpING To NUMBER OF LYGUus BuGs Living AT CLOSE
oF PERIOD IN EXPERIMENT B

Increments of growth in two
Number of bugs introduced Nurﬁgﬁxl' gg ltaugs periods, expressed in milligrams
per plant end of period
Third period Fourth period
T 0 43 46
1 65 44
0 54 43
2 2 1 57 48
2-3 71 25*
0 49 29
B 1-3 67 26
4-6 80 40
0 75 37
L 1-3 56 35
4-9 81 32*

* Means taken from only 1 to 3 plants.
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TABLE 12

MEAN DAILY GROWTH INCREMENTS OF UNINFESTED PLANTS IN THE
FI1rTH PERIOD OF EXPERIMENT A *

Mean daily growth increment

of uninfested plants, Per cent
Number of bugs on plants expressed in milligramst moisture
in previous period content
of plants
Fresh weight Dry weight

1,130 131 88.4

1,410 182 87.1

1,360 181 86.7

1,820 249 86.3

1,430 192 86.5

* Each mean based on 16 plants.
t No significant differences. Least difference necessary for significance is 104 milli-
grams.

TABLE 13

MEAN DAILY GROWTH INCREMENTS OF UNINFESTED PLANTS IN THE
NinTH PERIOD OF EXPERIMENT A *

Mean daily growth increment

of uninfested plants, Per cent
Number of bugs on plants expressed in milligrams moisture
in previous period content
of plants
Fresh weight Dry weight

1.343 202 84.9

1,548 235 84.7

1.214 183 85.7

1,188 172 85.6

1,080 166 84.6

* No statistical analysis was made because several plants were missing in each treat-
ment.

TABLE 14

MEAN DAILY GROWTH INCREMENTS OF UNINFESTED PLANTS IN THE
FirTH PERIOD OF EXPERIMENT B*

Mean daily growth increment

of uninfested plants, Per cent
Number of bugs on plants expressed in milligramst moisture
in previous period content
of plants
Fresh weight Dry weight

314 46.0 85.3

420 61.0 85.5

466 64.0 86.2

376 55.2 85.4

421 58.8 86.0

* Each mean based on 18 plants.
t No significant differences.
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sufficient new meristematic tissue. Should this be possible, it would suggest
one reason why trials made to maintain a population of bugs on a small num-
ber of plants in the laboratory have proved unsuccessful.

In order to ascertain the influence of lygus bugs feeding on growth of the
succeeding period, the plants were allowed to grow without exposure to insects
during the fifth and ninth periods of experiment A and the fifth, seventh, and
ninth periods of experiment B (tables 12 to 15). An analysis of the growth in-
crements of these periods indicated significant differences in only the fifth
period of experiment A and the seventh period of experiment B. These differ-

TABLE 15

MEAN DAILY GROWTH INCREMENTS OF UNINFESTED PLANTS IN THE
SEVENTH AND NINTH PERIODS OF EXPERIMENT B

Mean dally igrowth increment
of uninfested plants, Per cent
Number of bugs on plants expressed in mllhgrams moisture
in previous period content
of plants
Fresh weight Dry weight
Seventh period
Control............oovvviiiiiin.. 581 99.0 83.0
e 501 85.0 83.1
Ninth period
Control.........ocovvviiiiiiiiiinn, 650 36.3 94.4
2 630 33.4 94.6

ences did not indicate a carryover of bug injury from the previous period,
although plants greatly retarded in growth when young, either by bugs or
cages, did not equal the growth rate of unaffected plants for several cuttings.

DISCUSSION

Injury to the tissues of alfalfa plants by lygus bugs appears to cause a local
disintegration of cells surrounding the point of feeding. During the vegetative
growing period of the stems these areas of injury were usually found to occur
at the terminal growing point and lateral bud primordia. The meristematic
tissue may be completely destroyed at these points. It is likely that stem growth
continues in such cases by the stimulation of uninjured lateral buds to replace
the injured growing points. A normal bud has several lateral bud primordia
(plate 4), and a possible replacement of any of these for the injured terminal
would permit an almost continual vegetative growth despite the large local
areas of disintegration. When the plants are in the reproductive phase of
growth there is no evidence of such a ready substitution. This suggests an
explanation for the consistent injury shown by lygus bugs to seed production
and for some of the variations in their influence on the growth rate of alfalfa.
At cutting, the terminal bud and most of the lateral buds are removed ; this
leaves very little meristematic tissue upon which the bugs can feed, and a few
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of them could conceivably retard plant growth more than a large number
after the stems have formed new terminal and lateral buds. The unusual
degree of growth reduction in the two periods in which bugs were introduced
three and four days after cutting (tables 4 and 7) may have been due to
this factor.

The leaf deformity which is a characteristic symptom of infestation by
lygus bugs appears to result from a penetration of the young leaves by the
stylets. Carlson (1940, page 805) raises objection to this view because he found
that “Damage to young flower buds, which are probably less sensitive to injury
than leaf bud primordia, results in immediate and complete deterioration.”
The sections of buds in the vegetative stage of growth (plate 2) indicate that
the lygus bug stylets penetrate through the young leaves which surround the
growing regions of the stem. There appears to be only a slight deterioration of
tissue surrounding the path of penetration of the stylets, whereas a large area
is involved around the point of feeding, which seems to be principally on the
flower buds and other growing regions (plates 1 and 2). The larger area of
injury at the feeding point suggests that either a toxin was injected by the
insects while feeding, which was only local in its effect, or the bugs by “probing
around” and removing cell sap, injured large areas. This was followed by
secondary pathological disintegration.

The methods and techniques used in the experimental studies permitted a
considerable variation in the growth of the plants, which could be attributed
to the influence of cages, nutrients, and undefinable causes; nevertheless, the
results as presented in the various tables in this paper show that the injury
caused by lygus bugs can be measured in terms of decrease in growth incre-
ment. In each of the groups of plants upon which 6 or more bugs were placed
there was a substantial decrease in growth over that of the check plants. The
populations introduced to the plant in these experiments should not be in-
terpreted in terms of field populations since in five out of the eight growth
periods the bugs were on the plants less than half of the period. Only one third
of the bugs survived during the entire length of the growth periods, and it is
likely that a high percentage of this mortality took place shortly after their
introduction, as a result of injury in collecting and handling. On the other
hand, the presence of a cage over the plant resulted in a marked decrease in
growth, which suggests the possibility that the caged plants may not have been
able to recover from injury as readily as the uncaged plants.

Carlson (1940, pages 809 to 811) found that plants continuously infested
from the prebud stage to seed harvest time weighed significantly more than
uninfested plants, and his photographs well illustrate the difference in growth.
He states that “It is not known definitely, however, whether this excess growth
results from a failure of the plants to set seed or from a stimulation due to
Lygus injury.” In the same paper, however, his photographs taken of infested
and uninfested plants in the full-bloom stage, indicate that the uninfested
plants had produced the greater growth. Although Carlson showed that lygus
bug injury resulted in excessive branching and dropping of the flowers, he
failed to point out the possibility that the greater weight of the infested plants
may have resulted from a longer vegetative growing period. It is well known
that the vegetative growth rate of alfalfa decreases as the flowers and seeds
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develop. It is more likely that the inhibition of reproductive growth by the
lygus bugs resulted in a continuation of the vegetative growth over a longer
period rather than in any stimulatory effects produced by them.

SUMMARY

Histological sections of alfalfa tips from stems 2 to 4 inches high, taken 2 to 4
days after being artificially infested with lygus bugs, showed large areas of
cell disintegration of the terminal and lateral bud primordia.

Longitudinal sections of uninjured alfalfa tips 2 to 4 inches high showed
lateral bud primordia in progressive stages of development at successively
lower transverse planes than the terminal meristem, whereas infested alfalfa
tips sectioned 4 days after having been infested with lygus bugs showed well-
developed lateral buds at the same transverse plane as injured terminal buds.
This condition indicates that a retardation of growth had resulted, with the
lateral bud in the process of substitution for the injured terminal region.

Discoloration and disintegration of the tissue surrounding the point of pene-
tration by the bug stylets through young protective leaves, which enclose the
terminal meristem, were confined to a small area around the stylet punctures.

The daily growth increment of alfalfa plants, as measured by fresh or dry
weight when compared with uninfested plants, was consistently reduced by
6, 8, or 16 bugs. Plants infested with 2 or 4 bugs were reduced 30 to 60 per
cent in daily growth increment, as compared with uninfested plants, when
the bugs were introduced within 4 days from the time of cutting.

In five of six periods, when 1 to 4 bugs were confined on alfalfa plant stems
after they were 6 to 10 inches high, growth rate was not significantly less than
with uninfested plants.

A decrease in growth as a result of an infestation of lygus bugs during one
period did not substantially influence the growth rate of the plants during
the succeeding period.
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HILGARDIA, VOL. 17, NO. 4 [JEPPSON-MACLEOD] PLATE 1

Plate 1.—A, Photomicrograph of a longitudinal section through a young alfalfa raceme in-
jured by lygus bugs. Arrows show disintegrated ovaries. B, Longitudinal section through an
uninjured young alfalfa raceme. (X 14.)
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HILGARDIA, VOL. 17, NO. 4 [JEPPSON-MACLEOD] PLATE 2

Plate 2.—A4, Photomicrograph of a longitudinal section through an alfalfa bud in the vegetative
growth stage showing (a) disintegrated terminal meristem resulting from lygus bug feeding, and
(b) path of stylets through protective leaf. B, Longitudinal section through a severely injured
bud in vegetative growth stage 6 days after infestation, showing (a) formation of new uninjured
12erm1izéa)l growing region after the old one (b) had been destroyed, and (¢) injury to young leaf.

X 16.
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HILGARDIA, VOL. 17, NO, 4 [JEPPSON-MACLEOD] PLATE 3

Plate 3.—Photomicrograph of a longitudinal section of an alfalfa bud injured by lygus bug
feeding, showing disintegrated terminal growing region (b) and lateral bud (a). At the right is
an umn%uregslgteml bud apparently in process of being substituted for injured terminal growing
region. (X
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HILGARDIA, VOL. 17, NO. 4 [JEPPSON-MACLEOD] PLATE 4

Plate 4.—Photomicrograph of a longitudinal section of a normal alfalfa tip. Note growing
apex with leaf primordia and successive stages in the formation of axillary buds, appearing first
as dark-stained meristematic cells in the axils of young leaves. (X 46.)
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