






















































































































































































































































































PLATE XVIII

a. Light microscope (LM) cross section of an

undamaged barley leaf (x500). (The pale central
area is an airsace).

b. SEM of a freeze fracture of an undamaged barley
leaf (x480).
4
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PLATE XIX

a. LM section through a barley leaf slightly damaged
on the abaxial side (x500). (Several mesophyll
cells can be seen emptied of chloroplasts arrows).

b. LM detail of damage showing collapsed epidermal
cell (e) and empty mesophyll cells (m) (x860).
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PLATE XX

SEM freeze fractures of wheat leaves showing empty
cells (arrowed) damaged by thrips (x520).
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PLATE XXI

LM sections of wheat leaf showing severe damage, in
which the bulliform cells are extremely distorted,
some of the mesophyll cells have di sappeared ard
those remaining are plasmolysed with the chloroplasts
destroyed (x500).
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PLATE XXII

TEMs of epidermal and mesophyll cells from severely
damaged barley leaves with cells distorted and their
contents disrupted (x4800).
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PLATE XXIII

a. TEM of a mesophyll cell from an undamaged leaf
with nucleus (n), mitochondria (m) and
chloroplasts (c) (x4800).

b. TEM of a mescophyll cell in a severely damaged

- leaf chowing extreme plasmolysis, large starch
grains in the destroyed chloroplasts and a less
distinct cell wall (X4800).
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PLATE XXIV

a. Chloroplast from an undamaged leaf showing grarma
stacks in the stroma (x24000).

b. Chloroplast from a severely damaged leaf showing
excessive starch grains (sg) and distorted grama
with very little stroma (x24000).
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CHAPTER V

THE GROSS EFFECT OF THRIPS FEEDING

1. INTRODUCTION

Claims have been made that thrips reduce yield and guality in
wheat and barley on the basis of many subjective observations
(Morison, 1928; Ion, 1920; Korting, 1930) and a few experiments
(Sharga, 1933). There have also been a number of opinions to the
contrary (Jablownski, 1926; Korting, 1930; Klinkowski and Eichler,
1948) suggesting a variety of environmental causes. Although large
numbers of thrips are sometimes associated with a decrease in yield,
the question of whether thrips cause the reduced yield, or are present
because the damaged ears provide a favourable habitat, has not been
resolved adequately.

Recent surveys and field trials have been interpreted as showing
that heavy infestations of thrips decrease the yield, quality, and the
germinative capacity, of barley (Oakley, 1981) and an insecticide
"Dicofen" (fenitrothion - Pan Britanica Industries) has been
advertised for use "against the enemy nobody suspected" on the basis
of similar trials in which an increase of 3.5 cwt per acre
(approximately 432 kg ha-l) was attributed to thrips control (Pan
Britanica Industries, "Merchant Talk" No. 14 May 1981). However, the
presence of cereal thrips on crops overlaps with that of other pests
and it would be unwise to assume that‘the benefits allegedly derived
from pesticide use arise solely from the control of thrips.

There have been few authenticated descriptions of the symptoms of
thrips damage to cereal ears. Reuter (1902) catalogued 8 different
methods by which over 20 different species of thrips damaged ears, yet

there is no information on the effective isolation of thrips on cereal
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ears without affecting the plants' metabolism. Until satisfactorily
controlled experiments have illustrated the symptoms of damage by
specific thrips, on defined varieties of cereals, indicating precisely
when the infestation took place, information obtained from the broader
approach of field trials will always be open to question.

This experiment is designed to show the effects of different
densities of a breeding population of L. cerealium on individual
spring wheat plants infested artificially from ear emergence to grain
maturity. .

2. METHODS AND MATERIALS

Plants of cv. Sicco spring wheat were grown from seed in a
glasshouse: 4 seeds to a 5" diameter pot, in EFF compost (50:50 peat
and sand with a magnesium, ammonium, phosphate base fertilizer
providing the nutritional equivalent of a John Innes No. 2). When the
ears emerged clear of the flag leaf (Zadoks Scale 59) the plants were
transferred to a controlled environment room with a 18:6 day:night
cycle at 20+2°C. Adult L. cerealium females, collected by sweeping
wheat fields, were confined to main shoot ears in groups of 2,5,10 or
20 with cages made of medical dialysis tubing 35mm wide, cut to
lengths of approximately 15 cm and sealed around the stem at the base
of the ear with strips of "Twinstik". At the top they were folded and
secured with a paper clip (see Plate XXV).

Two types of control plant were used: some were left uncaged
while others were caged without thrips. To ensure "infestations" were
random, the cages were first labelled with the density of thrips to be
introduced, mixed up together and then fixed onto the ears (Plate

XXVI). The thrips remained on the ears until the grain had fully
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PLATE XXV

An ear of Sicco wheat contained in a dialysis tubing cage into
which a number of thrips have been introduced. (See methods).
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PLATE XXVI

Positioning of caged plants within the controlled environment
chamber. Each pot contained 4 plants and the treatment for each
ear was randomly allocated (See methods).
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matured, when it was reaped. The number of thrips found in each cage
was counted but ears were kept intact for later photographic
recording. The length of each ear, the number of grains and their
total weight were measured and recorded and the 1000 grain weight
calculated.

The "infestations" were repeated 3 times during the summer of
1981, with 10 repetitions of each treatment. A combination of limited
space and inclement weather at the beginning of summer made it
impossible to do more.

3. RESULTS AND DISCUSSION

a. Differences between planting dates

The ears produced on each of the three separate occasions had a
significantly different (P = 0.05) number of grains (Table 5). The
greenhouse used for propagation of the wheat had inadeguate
ventilation so the plants were subjected to somewhat extreme
environmental conditions, especially excessive heat. At times the
heat in the greenhouse was intense, probably causing water stress
which has been shown to stimulate the production of abscisic acid
preventing grain set (Radley, 1980). However, within each batch
planted on the same date there were no significant differences between
the control uncaged and control caged plants indicating that the
caging had not affected ear development (Table 6).

Unfortunately, a further source of variation was the reproductive
capacity of the thrips themselves. Thrips collected from wheat in
July produced less offspring than those collected in May (Tables 7 and
8) because individuals of the new generation present in the later
collection had undeveloped ovaries and most of the older females had

almost certainly finished laying.



Differences

- 88 -
TRABLE 5

between planting dates for uncaged plants used

Variate

Ear Length

Grain No.
per ear

Grain weight
per ear

1000 Grain Weight

as controls

Planting Mean S.E. of differences between

sequence means calculated from ANOVA
I 92.5 3.29
II 85.0
III 88.0
I 52.1 4.44
II 28.1
I1I 40.1
I 2.51 0.216
II 1.45
111 1.68
I 47.9 2.62
II 50.4
111 41.8
TABLE 6

Differences between control (uncaged) and control (caged) plants

Variate

Ear Length

Grain Number

Grain Weight

1000 Grain Weight

for different planting dates

Planting Control Control S.E. difference Significance
sequence Uncaged Caged between means

I 92.5 91.5 3.08 . NS
II 85.0 89.0 3.94 NS
I1I 88.0 82.0 2.75 NS
I 52.1 48.4 5.44 NS
II 28.1 30.6 4,21 S
III 40.1 33.6 3.44 NS
I 2.51 2.15 0.247 NS
II 1.45 1.55 0.234 NS
I1I 1.68 1.33 0.156 ¥
I 47.9 44,9 1.68 NS
II 50.4 50.9 3.78 NS
III 41.8 39.7 1.83 NS
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TABLE 7

Mean numbers with standard errors of thrips found on single wheat
: ears at harvest

Number of thrips Dates of infestation
initially placed
on ear 10/5-18/6  27/6-30/7 27/7-7/9
2 24+15 1248 242
5 53+21 1947 5+4
10 68+27 30415 6+4
20 . 101432 44+18 9+5
TABLE 8

Range of numbers of thrips found on single wheat ears at harvest

Number of thrips Dates of infestation
initially placed
on ear 10/5-18/6  27/6-30/7 27/7-7/9
2 6-51 2-27 0-6
5 5-81 8-30 2-12
10 16-110 7-49 2-15

20 40-142 14-73 4-19
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However, a combination of favourable growing conditions for the
wheat plants and a relatively high reproductive capacity in the
thrips, was achieved for the first planting date. This situation is
probably the most representative of field conditions so is used to
illustrate the principles concerned. Because of the length of time
before new adults developed (at least 2 weeks), it is probable that
the original individuals were on the ears when they were most |
susceptible to damage i.e. during anthesis and early grain
development, so the data have been presented in relation to the numbers
of thrips initially caged on an ear.

b. Damage to wheat ears

There was no visible difference between control and infested
plants during development nor when the ears were reaped although a
slight stunting may have occurred in the most heavily infested ears
(Plate XXVII). This is emphasised by the low correlation coefficient
(r = -0,22) when ear lengths were plotted against infestation
densities (Figure 14), suggesting that in a field situation the
symptoms of thrips attack would not be obvious, and because of the
insects' small size and secretive habits a heavy infestation would not
be immediately apparent. There are, however, strong trends which
indicate that the yield, in terms of grain weight, is reduced
primarily because of a decrease in grain number (Figure 12), rather
than in the size of individual grains (Figure 15).

Plants infested with 20 thrips showed on average a 42% reduction
in the number of grains produced and those with 5 and 10 thrips showed
average decreases of 29% and 26% respectively while those infested
with only 2 individuals showed no change (Appendix E). Very similar

responses were found for the final grain weight, with 44%, 26% and



PLATE XXVII

Mature ears of wheat, some of which, after emergerce
from the in boot stage, were infested with thrips,
the numbers of which are marked at the beginning of
each row. The thrips were left to develop on the
ears until they ripered when the ears were harvested
and assessed for damage and the rumber of thrips
present counted.






FIGURE 12 The relationship between the numbers of
thrips initially infesting an ear ard
the number of graims produced.

FIGURE 13 The relationship between the rumber of
thrips initially infesting an ear and
the weight of grain produced.
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FIGURE 14 The relationship between the number of
thrips initially infesting an ear ard
the lemgth of individual ears.

FIGURE 15 The relationship between the rumber of
thrips initially infesting an ear and
the size of grains produced.
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27% losses in those ears infested with 20, 10 and 5 thrips
respectively and no change in ears with only 2 thrips (Appendix E).
There is no compensatory growth and no significant reduction in the
size of the remaining grains although the grains on heavily infested
ears may be slightly smaller (Figure 15).

c. Interpretation of results

Although trends are discernable there is considerable variation as
demonstrated by the standard errors. To compensate for this, future
trials of a similar kind should include a large number of replicates,
possibly in the region of 30 per treatment, in strictly controlled
environmental conditions.

Symptoms such as stunting of the ear shown by Sharga (1933) did
not ocecur, though there were suggestions of a shortening of some of
the most heavily infested ears (Figure 14), but this may be a varietal
difference.

Infestations of up to 10 adult thrips per ear are fairly common in
field conditions but larger infestations may occur in some crops in
suitable conditions. Thus densities of thrips commonly occurring in
the field appear capable of decreasing yield in laboratory trials by
up to 25%; however, such factors as the timing of the infestation,
varietal differences, natural enemies, other pests and weather
conditions have been ignored in this ;tudy and will significantly
affect the damage potential of thrips. Nevertheless it is important
to determine in this way the precise symptoms of thrips damage as a
foundation on which to evaluate field work.

Cereals appear to be very susceptible to changes in environmental
conditions and the reduction in grain number by up to 46% in control

uncaged plants (Table 13) represents a decrease in yield comparable to
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that obtained in the most heavily infested ears. This suggests that
there are complex interactions between plant, environment and pest
that combine to cause floret sterility, and superficial evidence of
severe thrips damage to cereal ears in laboratory and particularly

field trials needs to be interpreted with caution.
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CHAPTER VI

SUMMARIZING DISCUSSION: FEEDING IN THRIPS AND COMPARISONS

WITH OTHER INSECTS

a) Affinities of the Terebrantia

The phylogenetic relationships between the Thysanoptera and other
orders are not well established. The order is generally considered to
have closest affinities with the Rhynchota, but there are sufficient
differences between the two groups to suggest a long period of
continuous independent evolution, with the Thysanoptera having
diverged from a common stock before the Hemiptera and Homoptera
(Richards and Davies, 1977; Heming, 1978). Within the order there are
such distinct differences between the tubuliferan and the terebrantian
suborders that some workers have proposed raising these to orders
(Mound et al, 1980).

Although the phylogeny of Thysanoptera and related orders is
controversial there are similarities between the feeding behaviour and
damage caused by parenchyma-feeding Auchenorrhyncha and thysanopteran
species feeding on sub-epidermal plant tissue (Pollard, 1968; Forbes
and Raine, 1973; Koblet-Gunthardt, 1975). It is not the purpose of
this work to explore detailed phylogenetic considerations, but it is
instructive to compare the feeding behaviour and its effect on host
plants of representatives of the two thysanopteran suborders and the
parenchyma-feeding Cicadellidae. Tables 9-13, at the end of the
chapter, summarise these comparisons.

b) Mouthpart structures and feeding behaviour

i. Comparison of Haplothrips (Tubulifera) with Limothrips
(Terebrantia).
Both Terebrantia and Tubulifera have mouthcones situated well

caudad on the head capsule consisting of the labrum in front,
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maxillary stipites on either side and labium at the back. Because
they have only 1 mandible both suborders have developed asymmetrical

mouthcone sclerites.

L. cerealium is slightly smaller than H. verbasci and in general

Terebrantia are smaller than Tubulifera (Lewis, 1973; Mound et al,
1980). These two particular species feed on similar tissues but
generally the larger Tubulifera have a wider spectrum of food sources,
including pollen, fungi and algae (Lewis, 1973).

As with all Thysanoptera, L. cerealium and H. verbasci have both

maxillary and labial palps which presumably provide external sensory
information, but the paraglossae of H. verbasci appear to be devoid of
sensilla and their inner glossae each possess only 1 sensillum. By

contrast each paraglossa of L. cerealium has nine distinct sensilla

consisting of three different morphological types while the glossae
are not as prominent. In addition photographic evidence suggests that

the prominent chaetae on the frontoclypeus of L. cerealium are used to

provide information on the positioning of the head during probing and
feeding.

Both species have a probing and sucking method of feeding. Heming
(1978) acknowledges differences in feeding behaviour between
tubuliferans and terebrantians which he suggests arise because of
differences between the head musculature in the two suborders.

However in addition to musculature differences there seem to be

distinct differences in the structure of the mandible. In H. verbasci
the curved basal portion imparts an overall L-shape to the articulated
mandible which is protracted solely by direct muscular action, without
overt head movements. However, because of its orientation within the

head capsule it is only capable of limited movement.
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By contrast the mandible of L. cerealium is only slightly curved

and is fused to fhe exoskeleton so it can only be protracted by
downward and backward contortions of the head capsule that push the
mandible into the plant tissue. Heming estimated that the mandible of
H. verbasci could be extended up to only one third of its length, a
similar proportion to that found for Limothrips. He describes the
penetration as "repeated 4 or 5 times within a second or two". A

similar action has been observed in L. cerealium but it has been

interpreteq as initial exploratory probing which tests the food
surface without penetrating the tissue, followed by a definite
penetrative praobe.

Heming suggests that the mandible of H. verbasci has two
functions; to penetrate the food source and later to keep the wound
open so that the maxillae can be inserted and retracted. In

L. cerealium the functions may extend to initial exploratory probes by

which the thrips tests the surface of the potential foodsource.
Micrographs taken of individuals killed while feeding show theb
mandible to be more or less protruded together with the maxillae.
This suggests that because the stylets are so closely apposed the
mandible may help maxillary insertion and serve to anchor the insect
during ingestion.

Heming describes the entrance of a nerve into the base of the

mandible, but in common with the findings for L. cerealium he states

that the mandibular tip appears to lack sensilla. Such a nerve may

however be involved in the exploratory probes which test the food

surface.
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H. verbasci inserts its maxillary stylets into the wound formed by
the mandible with a series of rapid thrusts and withdrawals, each

thrust in a slightly different direction. The 'slashing' movement was

not seen when L. cerealium fed on sucrose solution but this may have

been because the food medium was totally liquid.

Although not established in this study, it is assumed that the

maxillae of L. cerealium are articulated. Cinematography has shown

that they can be inserted without the downward thrusts of the head
capsule which are needed for mandibular protraction, and in fact the
maxillary stylets have been seen to be inserted while the head is
moving away from the plant surface, after the initial pentrative
mandibular probe.

Heming (1978) and Mound (1972) both speculate that the individual
maxillary stylets can be moved independently of each other in the
Tubulifera and that the right stylet must always follow the left
during protraction, although they never actually observed such
movement. The filmed sequence definitely showed independent movement

and electron micrographs of L. cerealium suggest that either the left

or the right stylet can be protracted beyond the other. This is
probably because their tips are less intricate than in the Tubulifera.
The maximum depth of penetration measured in H. verbasci was

107 um compared with 60 um in L. cerealium. This reflecté the trend

in tubuliferans to have longer maxillary stylets than terebrantians,
reaching an extreme in some phlaeothripids that have stylets coiled
within the head and half as long as the body when fully extended
(Mound, 1970).
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Heming discerned three longitudinal lacunae in each of the
maxillary stylets which he suggested may contain the dendrites of
stylet-borne sense organs, though he was unable to show this in his

preparations. There was no similar study on L. cerealium but high

magnification micrographs (up to x11000) showed no surface features to
suggest sensilla.

The rate of cibarial muscle pulsations in Limothrips ranged
between 2.5 - 6 per second, closely resembling the range measured by
Heming for Haplothrips. However, because the cibarial pump of
phlaeothripids is smaller than in terebrantians (Mound et al, 1980)
and is activated by stronger cibarial dilator muscles, it may function
more efficiently. Consequently, the cell contents stream more
smoothly towards the maxillary opening during ingestion in Haplothrips
than has been shown in Limothrips.

Individuals of H. verbasci were observed to feed for up to 1 h on

leaf tissue but the maximum feeding time recorded for L. cerealium on

sucrose solution was only about 1/2 h. Unfortunately there is no
information on the amount ingested by an tubuliferan; the only
equivalent work to this study on leaf feeding thrips is that of Day

and Irzykiewicz (1954) who calculated that Thrips tabaci, a slightly

smaller terebrantian (Lewis pers. comm.), ingested 17% of its body
weight of plant cytoplasm per hour. By measuring the time taken for

individual L. cerealium to ingest whole protoplasts of known volume

these studies show that it ingests a similar amount.

The presence of saliva and its use has not been well investigated
in any thysanopteran. Heming distinguished 4 different cell types
making up the salivary glands, but produced no direct evidence of how

the saliva is conducted to the outside, nor of its function. There
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are no salivary ducts in either the Terebrantia or Tubulifera but
Heming suggested that the feeding canal may also be used as a salivary
canal because the salivary pump stops when probing ceases and
ingestion begins. However, when pqustyrene latex particles were
suspended in sucrose solution they agglomerated around the extended
stylets during ingestion as if they were filtered out and held

together by a gelatinous matrix. But when L. cerealium were observed

feeding on protoplasts and chloroplasts no such agglomeration was
seen, nor was there any indication of salivary activity. This
suggests that there was no external digestion resulting from saliva
being pumped into the wound. Indeed, ingestion was too rapid for any
substantial chemical breakdown to have taken place.

ii. Comparison of parenchyma feeding Cicadellidae with Limothrips.

The mouthparts of parenchyma feeding cicadellids are situated
quite far back on the head capsule, in a similar position to those of
thysanopterans, but the labium is enlarged to form a substantial
rostrum through which the stylets pass. Because homopterans have two
mandibles and two maxillae the external features are symmetrical
unlike those of the Thysanoptera. They are generally larger than most
species of thrips.

Eupteryx melissae Curtis is laterally flattened, whereas

L. cerealium is dorso-ventrally flattened. The hopper feeds mainly on
exposed parts of the plant, but the thrips prefers to feed in very
narrow sites between closely adpressed layers of plant tissue. In
contrast to the Thysanoptera, the Homoptera have no maxillary or
labial palps (Richards and Davies, 1977), although sensilla similar to
those on the paraglossae of Limothrips do occur within the Hemiptera
(Cobben, 1978).
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Because of the difference in general size the stylets are
considerably longer. The mandibles of E. melissae measure 712 um and

are some 9-10 um wide, compared with the mandible of L. cerealium

which is approximately 102 um long and only about 2 um wide. Unlike
the thysanopteran mandible, the distal 30-40 um of Eupteryx mandibles
are toothed. They are also articulated and inserted into plant tissue
by direct muscular action, without the head contortions described for
Limothrips. Théy move alternately, Qith a sawing action penetrating
the plant as the toothed edges grip the surrounding tissue. Although
Eupteryx mandibles probe deeper than those of thrips (some 97 um
(Pollard, 1968)) in relative terms they are only inserted to about 1/7
of their overall length, considerably less than the 1/3 measured for
thrips.

Opinions differ as to the function of the cicadellid mandibles;
Koblet-Gunthardt (1975) believes that they are used as an anchor in E.

atropunctata while in Macrosteles fascifrons (Stal.) Forbes and Raine

(1973) ascribe to them a penetrative role, and in E. melissae Pollard
(1968) thinks that they support the maxillary stylets during
penetration. The thrips mandible seems to serve mainly to puncture
the thicker outer tissues and thereafter to act as an anchor and
support for the maxillae.

Forbes and Raine (1973) described 3 dendrites and neurones in each

of the mandibular stylets of M. fascifrons, but Koblet-Gunthardt

(1975) found no evidence of sensilla in the mandibles of E.
dicipiens. She speculated that less specialised parenchyma feeders
did not need such delicate sensitivity. No sensory organs were found
in the mandible of Limothrips although Heming describes the presence

of neurones at the base of the mandible of H. verbasci.
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In cicadellids, as in Limothrips, the mandibular stylets normally
penetrate only the surface cells leaving the maxillary stylets to
extend further into the leaf tissue. Unlike the Thysanoptera, in
which the mandible is situated immediately anterior to the maxillae,
the cicadellid mandibles envelop the maxillary stylets, thus providing
added support.

The maxillae extend well beyond the mandibles. Pollard calculated

that E. melissae could penetrate to a mean depth of 177 um, almost 3

times the depth of the maximum measured in L. cerealium. Likewise
penetration is achieved by alternate protraction of the stylets which
are joined together in a similar, though more complicated
tongue-and-groove system, to that found in thrips.

Compared with vessel-feeding Homoptera, the stylets of
Cicadellidae penetrate rapidly. Pollard (1968) measured rates of

penetration in E. melissae ranging from 7 um to 115 um min'l.

Even
the fastest rate is much slower than that for Limothrips, which can
protract its stylets in a fraction of a second.

Forbes and Raine (1975) differentiated 5 dendrites in each of the

maxillary stylets of M. fascifrons which presumably enable the insect

to 'taste' the food source. No such structures have been described in
Thysanoptera, but they do have maxillary and labial palps.

In contrast to Thysanoptera, one of the maxillary stylets of
cicadellids incorporates a salivary canal, measuring 1 um in diameter

in the case of M, fascifrons. There seem to be two types of saliva

produced by homopterans. In vessel-feeding groups a substantial
gelatinous stylet sheath is formed but in mesophyll feeders the stylet
sheaths, although detectable, are not as pronounced and tend to be

confined to the site of penetration. No such salivary sheaths have
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been found in tissue damaged by thrips. Another type of saliva
thought to be produced by homopterans is one that infuses into the
area to be ingested, but its function is unclear because the speed of
ingestion precludes the possibility of external salivary digestion
(Pollard, 1968).

As in Thysanoptera the cibarial muscles of parenchyma feeding
Auchenorrhyncha are well developed (Koblet-Gunthardt, 1975), both

Limothrips and E. atropunctata can imbibe liquid through an artifical

membrane without positive pressure on the fluid. Pollard (1968)
described how E. melissae could ingest cell contents even when the
maxillary stylets were extended to different lengths; he calculated
the average difference in extension to be 12.6 um, but differences in
the extent of protrusion of the two maxillary stylets up to 105 um
were observed. A similar situation has been described in this thesis
for Limothrips (see Chapter III) and Heming (1978), although doubtful
of whether Haplothrips could ingest food when stylets were unequally
extended, described a slashing action of the probing maxillae which he
attributed to unequal extension of the stylets, a mechanism identical

to that described by Pollard (1968) for Homoptera. The rate of

ingestion of E. melissae was estimated at 3 x 1072 ul min'l,
considerably greater than the 8.5 x 10'5 ul min'l estimated for

Limothrips. An average feed for adult E. melissae was 7 min, but
larvae fed for up to 40 min (Pollard, 1968), approximately similar to

the time taken by Limothrips.
c) Cellular damage caused by Auchenorrhyncha and Limothrips

There has been no work on the effect to plant tissue of mesophyll
feeding Tubuliferans so this discussion has to be based solely on a

comparison between Limothrips and the parenchyma feeding
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Cicadellidae. Most of the work on damage caused by the feeding of
homopterans has been on vessel feeders, mainly because their stylets
are more deeply embedded facilitating easier handling of feeding
individuals, and also because of the pronounced salivary sheaths that
they produce. However, Pollard's (1968) and Gunthardt and Wanner's
(1981) work on the genus Eupteryx has provided some insight into the
effects of mesophyll feeding cicadellids.

Areas of léaf on which Eupteryx have fed show whitish spots
attributed to the entry of air into empty cells beneath the leaf
surface. The same symptoms have been described for plant tissues
damaged by thrips feeding (Lewis, 1973). Individual spots caused by

the feeding of E. atropunctata were estimated to represent 10-30 empty

cells.

In both thrips and cicadellids the target tissues are the
subepidermal layers. Limothrips feed off mesophyll tissue and
E. melissae principally from the pallisade layer but also from the
spongy parenchyma. As a result, tissue freshly damaged by both groups
usually shows little effect on the structure of the epidermal cells,
except for the cell punctured to gain access to those below.

The complete contents of pierced cells are ingested by both groups
of insects. Thrips have been seen to ingest whole chloroplasts
although it is uncertain whether these break up inside the stylets.

Gunthardt and Wanner (1981) suggest that chloroplasts are broken down

during transit along the larger maxillary canal of E. atropunctata.
Consequently, areas of leaf tissue damaged by either thrips or
parenchyma feeding cicadellids consist of partially or completely

emptied and plasmolysed subepidermal cells.
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With time, the border of the wound area may take on a slightly
reddish colour probably due to desiccation and oxidation of the
surrounding tissue, rather than as a direct effect of salivary
action. Pollard (1968) examined sections of leaf 25 days after they
had been fed on by E. melissae and found no increase in the area of
damage compared with leaves examined 1 day after feeding.

More severely damaged sections of leaf caused by long periods of
feeding or larje numbers of insects showed collapsed and severely
disrupted subepidermal cells and plasmolysis of some epidermal cells.
In tissue damaged by thrips it has been shown that even in cells in
which some cell contents remain, the chloroplasts are nevertheless
severely disrupted by the formation of large starch grains and
breakdown of the grana stacks. However this disruption is probably
the result of desiccation rather than external digestion, suggesting
that the area affected directly by the feeding action of the thrips is
very localised and any extension of this site is due to desiccation
and oxidation of the surrcunding tiséue rather than direct salivary
action.

d) Gross effects of feeding damage by Limothrips

A combination of thrips feeding behaviour and its effects on plant
cells results in damage to a plant which may be reflected in yield
loss. There is evidence from this study that thrips are capable of
causing some reduction in the numbers of wheat grains produced.
Because of their cryptic behaviour large numbers of thrips can be
concealed in cereal ears, mostly between the lemma and palea, before

the grains have expanded.
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However, thrips are relatively shallow feeders and the area
affected by a single feed is localised even though in that area severe
damage is caused. This is probably the reason for the conflicting
opinions, which appear throughout the literature, of studies of thrips
damage. In order for the feeding damage to have a substantial effect
on cereal yields, it would be necessary for the thrips to feed
directly on the germinative tissue, when the grain is still in an
embryo stage. tonsequently if a large infestation of thrips is
present on a crop in which the embryonic grains are still forming,
considerable yield reduction may result, but if the infestation occurs
after this stage it is unlikely that there will be any significant

adverse effect.
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TABLE 9

A comparison of the general characteristics of the representatives
of the Terebrantia (L. cerealium), Tubulifera (H. verbasci) and
Cicadellidae (Eupteryx melissae (E.m.) (Pollard, 1968) and
Macrosteles fascifrons (M.f.) (Forbes and Raine, 1973)).

Characteristics L. cerealium H. verbasci E. melissae/
M. fascifrons
Feeding habits Probing and Probing and Probing and
sucking sucking sucking
Feeding stage  Larval instars Larval instars All instars
and adults and adults and adults
Preferred host Cereals Mullein Sage (E.m.)
plants
Preferred feeding Secreted on leaves On leaves and in Exposed on leaves
site and ears flowers (E.m.)
General Dorso-ventrally Dorso-ventrally Laterally
appearance flattened flattened flattened
Components of Labrum, maxillary Labrum, maxillary Labium enlarged
mouthcone stipites and stipites and to form rostrum
labium labium (symmetrical)
(asymmetrical) (asymmetrical)
Position of Caudad Caudad Caudad
mouthcone
Sensilla Maxillary and Maxillary and No maxillary and
labial palps. labial palps. labial palps.
9 sensilla on 10 poorly Mandibles and
each paraglossa defined sensilla maxillae have
on labrum. sensilla

1 sensilla on
each glossa
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TABLE 10

A comparison of the characteristics of the mandibles of

representatives of the Terebrantia (L. cerealium), Tubulifera

(H. verbasci) and Cicadellidae (Eupteryx melissae (E.m.)

(Pollard, 1968) and Macrosteles fascifrons (M.f.)

Characteristics

Number of mandibles

Length
Width

General structure

Attachment

Function

Method of
protraction

Max. depth of
penetration

Position when
protruded

Path of
penetration

Neurones

(Forbes and Raine, 1973))

Terebrantia
1

102 um

2 um

Smooth.
Styliform.
Slightly curved

Fixed

Initial entry.
Provide sap for
'tasting’.
Support for
maxillae.

Anchorage during

feeding

Contraction of

. the head capsule

and shortening
of mouthcone

20 um

Immediately
anterior to
maxillae

Inter- or
intracellular

Tubulifera
1

75 um

2um

Smooth.

Styliform.

Curved

Articulated

Initial entry

Direct action
of the lateral
clypeo-labral
muscle

25 um

Immediately
anterior to
maxillae

Unknown

Not investigated Unknown

Cicadellidae
2

712 um (E.m.)

9-10 um (E.m.)

Styliform. Distal
30-40 um toothed.
Almost straight
(M.fT.)

Articulated

Initial entry.
Support for
maxillae.
Anchorage during
feeding (E.m.)

Direct muscle
action causing
alternate
protraction
(E.m.)

97 um (E.m.)

Incompletely
enclosing
maxillae (E.m.)

Predominantly
intercellular
(E.m.)

3 dendrites
(M.f.)



- 110 -

TABLE 11

A comparison of the characteristics of the maxillae

of representatives of the Terebrantia (L. cerealium),

Tubulifera (H. verbasci) and Cicadellidae (Eupteryx

melissae (E.m.) (Pollard, 1968) and Macrosteles

fascifrons (M.f.) (Forbes and Raine, 1973))

Characteristics
Number
Length

Food canal
diameter

General structure

Attachment

Function

Method of pro-
traction

Max. depth of
penetration

Time taken to
penetrate

Terebrantia
2
126 um

1 um

'C' shaped.
Bilaterally
symmetrical.
Simple tip

Assumed to be
articulated
(from
literature)

Penetration of
food source.
Imbibe food.
Possibly conduct
saliva

Sty lets inserted
as a unit but
can move against
each other
during feeding.
Either stylet
can be pro-
tracted beyond
the other

60 um

Fraction of a
second

Tubulifera
2

Not measured

Not measured

'C' shaped.
Bilaterally
symmetrical.
Intricate tip

Articulated

Penetration and
maceration of
source.

Imbibe food.
Possibly conduct
saliva

Sty lets inserted
by a series of
rapid thrusts
and withdrawals
working as 1
unit.

Sty lets can move
separately with
the right always
following the
left

107 um

Not measured

Cicadellidae
2

1016 um (E.m.)

3 um (E.m.)

'C' shaped.

Not bilaterally
symmetrical
because only 1
stylet has a
salivary canal

Articulated

Pentetration of
food source.
Imbibe food.
Carry salivary
secretions

Inserted by
alternate
protraction.
Mean tip
displacement
12.6 um

177 um (E.m.)

Very variable,
from 115 um
min-1 to 7 um
min-1 (E.m.)



Characteristics

Neurones

Salivary canal

Path of pene-
tration

Destination
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TABLE 11 CONTINUED

Terebrantia

Not seen

None

Not assessed

Mesophyll cells

Tubulifera

Cicadellidae

Speculation that 5 dendrites

longitudinal
lacunae may

contain dendrites
but none actually

seen

None

Not assessed

Not assessed

(M.f.)

1 um diameter
(M.f.)

Predominantly
intra-cellular

Feeding most
pronounced in
palisade cells
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TABLE 12

A comparison of the ingestion characteristics of the

representatives of the Terebrantia, (L. cerealium), Tubulifera

(H. verbasci) and Cicadellidae (Eupteryx melissae (E.m.)

(Pollard, 1968) and Macrosteles fascifrons (M.f.) (Forbes and

Characteristics

Method

Frequency of pump-

ing

Material ingested

Average length of
feed

Rate of ingestion

Saliva

Raine, 1973))

Terebrantia

Active cibarial
pumping

2.5 - 651

General cell
contents

Up to 1/2 h

8.5 x 10-2 ul
min-1

Not investigated
but speed of
ingestion
precludes
salivary
digestion

Tubulifera

Active cibarial
pumping

2 -5g1

General cell
contents

Up tolh

Not assessed

4 different
salivary cells
present but
saliva not
investigated

Cicadellidae

Active cibarial
pumping

Not assessed

General cell
contents

Approx. 7 min in
adults but up to
40 min in larvae

3 x 10~3 ul
min-1 (E.m.)

2 types of saliva
speculated,
salivary sheath
formed but speed
of ingestion
precludes
salivary
digestion
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TABLE 13

A comparison of the damage caused by representatives

of the Terebrantia (L. cerealium) and Cicadellidae (Eupteryx

melissae (Pollard, 1968) and E. atropunctata (Gunthardt

Characteristics
Preferred plants

Appearance of damage

Target tissue

Cellular damage

Effect of damage on
surrounding tissues

and Wanner, 1981))

L. cerealium

Cereals

Silvering in spots due
to air entry of empty
cells

Principally mesophyll,
occasionally epidermis

Cytoplasm usually
removed but debris
often left

Disruption of cells due
to desiccation and oxi-
dation

Cicadellidae

Sage and mint

Chlorotic discolouration
in distinct spots due to
air entry of empty cells

Principally pallisade
and spongy parenchyma,
to a lesser extent
epidermis

Cytoplasm usually
removed but some
chloroplasts may be
left as a condensed
pellet

Disruption of cells due
to desiccation and oxi-
dation
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CHAPTER VII

Concluding remarks

Progress towards the objectives stated in Chapter I is summarised
below:-

1. To examine the mouthpart morphology of L. cerealium and

investigate the behaviour and mechanisms of its feeding

By using a.Scanning Electron Microscope and developing the
technique of plasma ashing it has been possible to examine in detail
the appendages involved in feeding. These have been used to analyse
the behaviour of thrips (filmed for the first time) feeding through a
transparent plastic membrane. This is the first such study of a
terebrantian, complementing the recent work of Mound (197)) and Heming
(1978) on tubuliferans.

2. To elucidate the effects of feeding on the cellular structure of

plant tissue

With the use of autoradiographic and cinematographic techniques

the rate of liquid food uptake by Limothrips cerealium has been

-estimated, providing only the second such record for leaf feeding
Thysanoptera. There is no record of any similar work on Tubulifera
but the results compare favourably with those obtained by Day and

Irzykiewicz (1954) for Thrips tabaci.

Light and Transmission Electron Microscopy sections and Scanning
Electron Microscopic freeze fractures have provided evidence of the
destructive capacity of thrips at the microscopic level. This has

been shown to resemble the effects of parenchyma-feeding Homoptera.
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3. To evaluate the effects of feeding damage on the grain production

of wheat

Investigations of wheat under controlled environment conditions
demonstrated the capacity of high densities of thrips to reduce yield,
but they also showed the large variation in the effects caused by
similar numbers of thrips. These results, when analysed in relation
to the mechanisms and feeding behaviour of thrips, suggest that only
if heavy infestétions of Limothrips feed directly on meristematic
tissue are they likely to affect cereal yields. None of the alleged
symptoms of thrips feeding such as "silver-top" or "white-heads" were
reproduced on ears infested under experimental conditions.

The techniques developed provide opportunities to extend detailed

feeding studies on thrips to a wider range of species.
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APPENDIX A
MEDIA USED IN THE ISOLATION OF BARLEY WHEAT PROTOPLASTS

Isoiation medium: 0.5M Sorbitol

10mM MES pH 5.5

1mM MgSO4

1.5% (w/v) "Cellulysin" ) c¢btainable from
0.5% (w/v) "Macerase" ) Calbiochem

Flotation medium: All three solutions below contain:-

25mM Tricime pH 7.5
1mM Mg SO4

1. Bottom layer:- Protoplast suspension + 0.5M sucrose + 10% "Percoll”
(Pharmacia)
2. Middle layer:- 0.5M sucrose + 5% "Percoll" (Pharmacia)

3. Top layer:- 0.5M Sorbitol
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APPENDIX B
PREPARATION OF FIXATIVES

To make up gluteraldehyde fixative:-

1. Sodium Cacodylate Buffer

Stock solutions A. 0.1M Sodium cacodylate (2.14g in 100ml H,0)
B. 0.IN HCl.

Mix 100 ml solution A with 8.3 ml of B and make up to 200ml with

water. This sHould produce a buffer of pH 7.2

2. Gluteraldehyde

Stock solution is a 25% aqueous solution

To prepare fixative:- filter 10ml of gluteraldehyde and add 40ml of

cacodylate buffer

To make up osmium fixative:-

Veronol-acetate buffer

Solution A Sodium acetate 1.94g
Sodium veronol (Sodium barbitone) hydrated 2.94g
Distilled H0 to 100m1

Solution B 0.IN HC1

To prepare fixative:-

Solution A (buffer) 10ml
Solution B (buffer) 1lml
Distilled water 30ml
0.0, 0.5g

Leave for approximately 12h to dissolve and store the solution at 4°c.
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APPENDIX C
PREPARATION OF STAIN

To make up lead citrate stain

Use.SUml volumetric flask into which add:-

1.33g Pb (N03) Lead nitrate

1.76g Na (06H507)2 H, sodium citrate
Stopper and shake vigorously for 1 min. Allow to stand with
intermittent shéking for 30 min. Add 8 ml of IN NaOH which will clear
the solution. When completely clear make solution up to 50ml and mix
thoroughly.

pH of solution is 12 + 0.1
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APPENDIX D
LIQUID SCINTILLATION "COCKTAIL" FOR NON-AQUEQUS SAMPLE.
1 litre Toluene (scintillation grade)
8.0g Butyl PBD
0.5g P8R0

Add Butyl PBD and PBBO to Toluene and shake until dissolved.
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APPENDIX E

MEANS AND STANDARD ERRORS FOR SEVERAL VARIATES OF WHEAT EARS FOR

Control
uncaged

Control
uncaged

2 thrips
5 thrips
10 thrips

20 thrips

EACH TREATMENT AT THE FIRST INFESTATION.
(THE MEANS ARE OBTAINED FROM 10 REPLICATES)

Ear length Grain number Grain weight 1000
Grain weight

92.5+6.77 52.149.43 2.51+0.59 47.9+4.65
91.5+8.09 48.4+412.55 2.15+40.53 44.9+4.40
97.0+4.22 47.7+15.13 2.06+0.59 43.6+3.66
92.0+5.37 34.4+10.70 1.56+0.54 44.,9+43.25
93.049.19 35.9+14.69 1.50+0.68 43.7+2.56
87.5+7.55 28.2+9.03 1.20+0.32 43.24+3.70
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APPENDIX F
ANALYSIS OF VARIANCE FOR THE REGRESSION LINES FOR VARIATES OF WHEAT

EARS AFTER INFESTATION WITH DIFFERENT DENSITIES OF THRIPS
(BASED ON 10 REPETITIONS)

Ear Length

DF SS MS
Regression 1 10.07 10.07
Residual 3 36.23 12.08
Total 4 46.30 11.58
Grain Number

DF SS MS
Regression 1 264.78 264.78
Residual 3 46.65 15.55
Total 4 311.43 77.86
Grain Weight

DF SS MS
Regressiaon 1 0.55104 0.55104
Residual 3 0.06456 0.02152
Total 4 0.61560 0.15390

1000 Grain Weight

DF SS MS
Regression 1 1.111 1.1103
Residual 3 1.360 0.4533

Total 4 2.471 0.6177



