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ABSTRACT
The role of- maxillary and lablal palp1 in host
| plant selection by adults of the Colorado potato beetle,

Leptinotarsa decemlineata (Say) was investigated. The~\

n‘\‘

ultrastructure of sense organs on the apical tips of the

+ "

maxillary and labial palp1 and the galeae were examlned

using SE%*and TEM. technLques Detalled chemlcal analy51s was

A .
done on potato leaf surface waxes "Behavioral analyses were

» W

‘conducted to examine mechanisms of host plant dlscrimlnatlon

and-to identify components inlsurface waxes of potato which
: - ' . ‘ ~

3

are stimulatory.

©

Basednon SEﬁ‘and TEM studies, there‘are 185
sensilla on the a;:x of each maxillary palp and 65 on t@at
of each labial palp. Most sensilla on the maxlllary palpi
are olfactory while approxlmately equal numbers of gustatory
and olfactovx sensilla are present on the labial palp1 The
~galeae have gustatory sensilla only. ¢
' ﬁk‘\ 1 Blogssays conducted'with'beetles with their palpif‘
Maxed results in a s1gnif1canﬁly longer tlme to take the
5 f1rst bite on potato leaf discs of solanaceous species '
§ tested, potato offéred least res1stance to feeding in nalvev
beetles as indicated by 1ts*dower values for tlme taken- for
first bite. Other species in order of decreasrng preﬁgrence‘
were Solanum elaeagnszlzum, Datura stromon;um, S. nlgrum,-
*
Lycqperszcon esculentum and N:cotlana tabacum The. order of
preference was Simllar when surface waxes extracted from

leaves of these Six spec;es were offered on~ru111pore filter

iv
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disqs.

Detailed chemical analysis was done on leaf
surface waxes of potato using FTIR GC and MS. Of the
.different fractions tested the ch;orofofm fraction,
consisting essentially'of esters’anu of ofimary.and
secondary aicohols, appeared to contain the stimulating
compounds. |

It is suégested that palpation serves to increase
ventllatlon and that olfactory sensilla on the maxlllary
palpi percelve volatile components of leaf surface
compounds. Leaf surface compounds thus provide cues which
induce feedihg and serve as 'biting stimulants'. The high
proportion of gustatory 'sensilla present on the lablal palgl
and galeae appears’ approprlate since these organs are in

.g ]

more frequent contact wlth the leaf before and during

feedlng ‘ | - - .

b 7
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‘A

INTRODUCTION

Phytophagous‘insects exhibit specialized feeding
habits. They may feed on members of a range‘of taxonomically
unrelated'plant families (polyphagy) ; others may limit
themselves to plants from one family, from closely related
families (oligophagy) or from one genus Or even species X
(monophagy) . Hiftorically, the' central problem of interest
has been to account for the degree of host specificity shown

. ‘ ‘ v
by phytophagous insects, the physiological basis of which is

“still largely unknown.

Verschaffelt (1910), Brues’(1920), Dethier

(1941,1954) and Fraenkel (1959) were among the‘earlier

workers who recognized that chemical compounds play a major -

role in determlning host spec1fic1ty These chemicals,

acting as gustatory or olfactory stimuli, are detected by

. sensilla on various appendages such as the antennae,

mouthparts and tarsi. The physiological basis of host plant
selection can be best understood by a) studying the. feeding

behavior of the spe01es, by b) 1solating phytochemicals from

.

the host plant, testing what compounds are respon81ble for~

feeding behav1or and the behavioral responses that these 'f

compounds elicit, by c) ultrastructural studies of the

chemosensilla 1nvolved and by d) analysing tne‘neural
aotivity o% the chemoreceptor cells of sensilla-that detect
tnesebchemlcals; | |

‘Some early studies involvxng behav;oral analyses

aQ

and, occasionally, electrophysxological observations on the

e



silkworm Bombyx mori (Ishikawa et al,1969), Pieris brassicae
(David and Gardiner, 1966), Plutella macullipennis (Nayar and

Thorstelnson 1963), Manduca sexta and Pxerxs brasslcae

!

(Schoonhoveh, 1969; Ma,1972), Chrysolina brunsvzcensxs
A

(Rees, 1969) and Leptinotarsa decemlineat&%ﬁSturckow‘éndfde,
1961, Bongers;1970) have. provided evidence for a high degree

of chemosensory speclflc;ty in these spec1es These studles

’t:\ .
stressed the role of single compounds in feedlng behavlor

v -

Schoonhoven (1967) described a chemoreceptive cell

.

in Pieris brassicae that was sensitive to glucbsipolates.
Oeheripertinent examples include the responseibf'thefcarrot
fly, Psila rosae to propylbenzenes (Beriiter and |
Stédler,l§7l} Stadler,1972; Guerin anq Stédler,l980) and“bf'
the cabbage root fly, Delia.brassicae to isothibcyanatee
(Wallbank and Wheatley,1979; Finch and Skinner;f982).prus,
the neurological correlate for sech 'token stlmull' waei
con31pered to be labelled sensory llnee which were thought-
to be hard—w1red chepnels-respondlng_to single classes ef
stimuli and resulting in specific behaviors. In the case of .
L.decemlineata, it waé implied that alkaloids (toﬁeﬁine, in
partlcular) exert their 1nh1b1tory 1nfluence dlrectiy by
actlng on the chemosensory system. \ : - ‘ .
However, a relnvestlgatleh.of Mebexta (Ya&%aﬁoto
" and Fraenkel 1966; Howard, 1 977) and L decemlzneata (Mitchell
‘ and Harrlson,1985) falled to f1nd spec1f1c chemicals that |

promote or inhibit feeding respectlvely Instead,

L decemllneata adults respond best to a speczfic blend of

o

. e
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green leaf volatiles released by potato (Visser and

Avé 1978 Visser et al, 1979) . Current concepts stress the
integration of patterned sensory input and the perception of
,.total plant "Gestalts" (Dethier, 1970 1973 1976, 1982) as |
being the most important elements of "host plant recognition
" This view suggests that chemosensory neurons, are not highly
“specific but 1nstead have broad and overlapping spectra |
(Schnieder 1969; Blaney,1975 van brongelen et al,1978 and'
IDethier,l973v1974 1977) . Thus, sensory quality in these‘
systems is coded not by individual labelled lines (although
these may, in some cases, be a factor) but by large |
populations of interacting neurons which produce unique
1'across fibre' (Pfaffman 1941; Erickson,1967) pgtterns of._.
response. N |

@ | The oligophagous feeding habit of the Colorado.

A

’potato beetle, L decemlineata, has been, much investigated

Ry

- BehaVioral aspects of host finding and food selection by the

]

larvae have been studied in detail by Chin (1950) and de
:Wilde (1958) Jermy (1961) ihvestigated adult preferences
for acceptability of various solanaceous and non- solanaceous
' plants "Hsiao and Fraenkel (1968 a,b) studied the'
\relationships between various plant chemicals and host
specificity of this insect Mitchell and Harrison o

'(1984 1985) and Mitchell and Schoonhoven (1974) studied the

‘

role of amino ac1ds and alkaloids. HSlaO (1978) con31dered

u..geographic diversity of plant preference in this spec1es o
. L LA
"~ while Visser (1979) provided an excellentvaccount'ofrthe ‘ ’



olfactory capabilities in‘adblt beetles.

The present study was deSigned to investigate the

-role of ‘palpi in host selectlon behaVior of adult beetles

When a beetle arrives on the leaf surfaCe, 1ts maxillary

/

ﬁpalpi tap its leaf surface exten31vely while its labial

palpi are more or’ less in continuous contact It is thusv

probable that the palpi he%p in sensory 1dent1f1cation of

&

. the hOSt plant by recogn121ng the leaf surface waxes which

olfactory sen31lla on the maxillary and~lab1al palpi and the

‘gafea based on scanning electron mlcroscope 1SEM) and

are specific¢ to a particular plant spec1es Based on this

‘ LR .
'idea, the primary‘focus'of this‘project was to determine the

. proportion of contact chemosensory and olfactory‘sensilla on .

the maxillary and labiallpalpi Other goals were Uo analyse

LI

the components of leaf surface waxes extracted from potato

leaves, test fractions for effect on feeding behav1or and by

N

‘ablation, measure some behaVioral responses mediated by ‘the

-

palpl R

- 80 &

This the31s ‘is organized into four chapters

at

Chapters II and ITI give ‘a detailed account of gustatory and U

transm1331on electron mlcroscope (TEM) observations Chapter-*
e C
v 18 - study of the chemical comp081tlon of leaf surface L\V,i

Hwaxes of potato usxng Fourier transtrmation 1nfra-red *

spectroscopy (FT IR), gas chromatography (GC) and‘mass‘

[

tspectroscopy (MS) techniques. In addztion, thin-layer
‘chromatography (TLC) was employed to differentiate the major,

components of leaf surface waxes of five other solanaceous

R



beetles.‘ . . o :

p ‘t\"\\- N

\l“

it o
A'! .
® L . 7 '.\" \\‘~ \'\\I 5 .
o . ol e .

M““" w©

species : S. elaeagnifol;um, Datura stromonlumfﬁvmlgrum,

L. esculentum, and N. tabacum whlch had been used}brévxously

Lo "'\\ ;
in behavioral studles, Chapter v summarlzes the'behaVLOral

studies conducted Bloassays were conducted with crdde wax

|
)

extracts and the different fractions were exposed to~the

'
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II. Ultrastzucture of the aensory complox on thﬂ“

maxillary and 1abia1 palp1 of the Colorado potato

' -, 0

beetle,'Leptinotarsa decomlinaata (Say)

. INTRODUC'BION

R v , . ZE “ ! - AN A '
. o ‘The Colorado potato beetle, Lept;notarsa‘

‘—-‘?fdecemlzneata (Say), ls an ollgophagous pest restricted rn

its chonce of food plants to the famlly Solanaceae Studxes

at the populatlon level have documented local adaptations to

host plants in this spec1es.1nd1cat1ng that con31derable .
" [ ‘1‘, .
specxallzatlon 15 p0331b1e (H31ao,1974 1978, 1981) It is »

]

generally assumed that chemosensxlla are at least partly

"
v | s

respons;ble for medlatlng host acceptance/rejectlon 1n

‘1n3ects and these have been stud1ed in larval Lepldoptera of

)
Tk
3

;everal spec1es (Ishikawa,1965, SchOOnhoven 1972 | nu"“u 
‘Schoonhoven and Deﬂhler 1966, Ma,1972; W1eczorek 1976 De
Boer,1985, De Boer et al 1977 Albert 1980) In the Colorado

dpotato beetle, electrophy31ological technlques have been }ﬁ“L

. PR
: : I

‘used to 1nvest1gate the functlon of antennal (Visser 1979) if
-aAd galeal sen3111a (Mltchell and Harrlson 1984) Tb date
- palpal sensilla have largely been 1gnored beth 1n lanval

‘and adult beetles, except for the demonstratlon by Mltchell ;\
. B o
. “and Schoonhoven (1974)-that larval malelary and labial

palp1 are sen31tive to the same amlno acids as are the
» ' “ t\\ . " " . e [ o . ‘.’J“‘ - . . A l‘ e ? ‘
f galeae L iyw‘a ‘s,,‘*‘n o - ':* 'vg-y*fnl...f
VW‘~;] The-lmportanCe of maxlllae 1n host-plant selectlon'

. f
, 3
1

..'\

K
!

r“nf‘was flrst observed by Torll and Morli (1948) when they

ok
--'

demonstrated that maxlllectomlzed larvae of Bombyx mori fed ‘

——
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x‘oh non- host plants Waldbauer and Fraenkel (1961) and

Yy
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Mdbauer (1962) observed slmilar feeding on non host plants

larvae of tobacco hornworm, Protoparce sexta (now Manduca

/
S [
) )

seﬁk;) Bince then,vthere have been a number of behavioral
' n\‘;‘.‘ )

» ‘
'obgé¥%ations on the role of palp1 in feeding by acrldxd

<

grasshoppers (HaskelJ and Schoonhoven, 1969; Haskell and

”Mordue 1969; Bernays and Chapman 1972; Bernays et al, i972)

*

{ Kleln (1982) provzded an excelleat account of sequences of

palp movements withtrespect to individual behavioral '
patterns such asﬁgEOoming,’feeding and exploratory behavior
, N K I\ Vs . ‘ ‘ :i

in the cricket, Gryllus bimaculatus. In addition, palpal

“sensilla'uabejbeenustudied in“locusts (g}aney and
Chagman,1969}‘Biapefletral,l97l‘and Cookp1972); crickets
(Klein, 1981); cockroaches (Burry and‘Mpfan,l973;
Altner,ISjS;,Rahas amyland Gupta,l9813 and Drosophila

ﬂmelahogaster (Sinég and Nayak, 1985) . Very little information

is, hqwgver, available correlating ultrastructural,

‘observations wJ.th spec:.f:.c behav;.oral and . "[?
vy

-

Aelectxophysiological data :

The present study was undertaken to determine the
proportion of " contact chemosensory and olfactory sen51lla on
the max1llary and labial palpi. This 1nformat10n w111 be
useful in the design of future behav1oral and '

electrophysiologfoal experiments. It also provides data for
comparlson w1th analogous structures in orthopteroid
lnsects. -

bt
W



MATE#IALS AND METHODS
Adults of L.decemlineata (Say) were collected in
Aédmonton and reared'inbthe laboratory. on leaves of
“greeghoﬂse~grown potato, Solénum tuberosum,

For séanning electron microscopy (SEM), whole
palpi were fixed in glgtaféldehyde and refrigerated
Oveznight. Sugsequenély, they wére treated with protease
solution (Dyer et al, 1982) for 30 min, sonicated in Photoflo
200 for 30 secs, dehydrated in a series of ethanols,

—
critical point dried and mounted on stubé. Some specimens
were treated with tetrachloromethane for 30 secs which was
then brought to a bdil (Cuperus;1985). Fresh solvent was
then added and boiiéd again. This was done four to five
tihes.Such specimens were air-dried. All specimens were
sputter coated with gold in a Nanotech Semprep 2 and
observed using a Cémbridge Stereoscan 250 electron
microscope.

For transmission electron microscopy (TEM), palpal .
tips were fiked in ;hilled‘é% gldﬁaraldehyde in phosphate
buffer. They were then blaced En fresh, cold, glutaraldehyde
fixatiQe and refrigerated OVernight..After fixation, palpai
tips were washed t&ice in phosphate buffer, treated with 1%
tannic acid in glutaraldehyde (Lai~Fook, 1984) for 2 hr and
'post-fixed in 1% Millonig's (Millonig,1962) osmium tetrqxidev
for 2 hr. Follo;ing post-fixation, specimens were wéshed

twice .in buffer, dehydrated through a graded ‘series of

ethanols and subsequehtly placed in propylene oxide for 1 hr
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with foﬁr phaﬁges, For better infiltration of plastig, the
sﬁ%&imens were left overnight in a 1:1 solution of EPONY812
and propylene oxide.vSpeéimens Qére_transferred to fresh
“EPON for 2 hr after which they were transferred to embedding
molds. Blocks were polymerizéd at 669c for 15 ,hr. Sections
were obtained using a'Reichert OM U2 ultramicrot;me and
_stained with .a_saturated. solution pf‘methaﬂolig'uranyl

'

~acetate for 20 miq followed_by lead citrate for 10 min.
Sections‘were éxamined using a Philips EM300 electron
microscope,v |

| Distributions of sensilla on the maxﬁliary and .
labial palpi were obtained by photographing segments of the
palp tlp aw high magnifications and then reconstructlng the
apwpal tip. Flve individuals were considered. Sensxllar
length and diameter (at the base) were measured on a minimum -
of five beetles. The data on numbers of different types of

sensilla are averages of 10 palpal‘tips from 10 individual

beetles.
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RESULTS

" The palred maxillary (mp) and lablal palpi (1lp)
which flank the mouthparts are 4 and 3 segmented B
respectiveiy ;FigJ'Z,lf. ?heqmaxillary palpi are about 900
Mm in length while the labial palpi are 480-500 un‘in
length. An extensive fieldjdf sensilla islpreéent on the
membranous apical domes of'the maxillary and labial palpi
(Figs. 2.2 2.3; There are a‘total of 370 senoilla on, tne
apices of the maxlllary palpl and approxlmately 130 sensilla
on those of the lablal palp1 On.the basis of SEM and TEM,
the sensilla can‘be sorted into .four distinct categories,
three of which are common to both the-maxillary and.labial
palpi.

TYPE A

A 2.5 pm long and 1.8 um wide sensillum,
characterized by longitudinal grooves running from basé to
tip (Fig. 2.4)? About 2 um from the base, thisusensiilum
narrows to‘about 0.6 um where there i$¢ a“depresoion“around
the entire circumference beyond thcn the grooves continue
to the apex of tne peg. . There are a total of 170 sen31lla off
thls type and they are unmque to the manzilary palpi.
These sensilla apparently have wall pores located in
depressions between the ridées though none;could be seen on
ghe SEM. They have a thick wall with two'concentric wall
cyllnders connected to each’ other by spoke canals (sc) and
separated by pockets of unlnnervated lumen (Flg 2.8, ul).

:‘ [}
The inner cyllnder contalns dendrites (d)enclosed wlthin ‘a
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cuticular sleeve (Fig. 2.9, cs). Eachvsensillum,is
inner#ated by five or slx bipolar neurons (Figs. 2.9,2.10),
the dendrites of which are divided into pronimal and distal
dendritic segments by a constricted ciliarﬁ region. The
dendrites do not branch based on examination of cross-
sections around the ciliary region (Fig. 2?12)m‘

The distal dendritiC‘segments are enclosed by”an
electron dense tubular dendrltlc sheath (Fig. 2.11, ds) The
sheath is open at each end and extends’ from the dlstal part‘

of the c111ary region to the base of the peg. Irregular

-extensions of the wall of the sheath occur at elther end.

The distal dendritic segments orlglnate from a funnel shaped
cillary collar (cc) seen at the reglon of greatest,
constriction in the_dendrltes (Flg 2. 13). Mlcrotubules run
parallel along the distal dendritic segments (Figﬂ 2(11) and
at‘the periphery of the ciliary region, they reduce to a

configuratlon of 9x2+0. The 1nner segment contalns promlnent

mitochondria, vesicles and microtubules (Flg a. 14) Inl
\J

addition, two basal bodies (bb) lie in tandem proxlmal to’

the constricted reglon, just beneath ‘the’ 0111ary region
(Fig 2. 13) ‘The distal basal body_ia—wtder than the

proximal one and c1liary rootlets (cr) extend from both the

:,basal bodies unlting proxlmally. Each dendrlte contlnues B
'proxlmally to an ind1v1dual cell. body contaxnlng an oblong

- nucleus and other cell organelles, viz., mlcrotubules,, .

mltochondrla, g0191 bodies and’ endoplasmlc reticulum )

. {cf.Fig. 2,35). Extendlng proxlmally from the cell body 1sv

-
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an axon which 301ns the maxillary nerve

There ‘are flve sheath cells assocxated with each -

‘of these sen31lla (Figs. 2.13,2.15 2t35). The flrst the

inner sheath cell (in), encases the dendrites in the cillary
reglon, wlthdrawlng to form an extracellular cav1ty, the
‘clllary sjnus (Figqg. 2 13_ cs). It extends from the region of
.proximal termlnatlon of the dendrltlc sheath to the cell
body. At the level of the c1llary sinus, the lnner surface
of this cell is m1crov1llate and forms junctlons with the
proximal dendritic segments. Two intermediate sheath cells
(11, i2) encase the inner sheath cell KFigs 2. 13 2. 15)

.

They extend dlstally around the dendritic sheath to near the

N

base of the peg and continue proxlmally alon931de the cell
body of the neuron. An outer sheath cell (ot)- enwraps the
distal extenslon of the 1ntermed1ate sheath .cell and

-

'termlnates at the base of the peg. The outer and’
1ntermed1at2 sheath cells elaborate extensive mlcrov1lll at
tthe base of the peg and withdraw to form the sen31llar e
.51nus. The sen81llar sinus is fllled with a granular,
“electron dense mater1a1 presumably secreted by the‘
lntermedlate and outer sheath cells. Prox:.mally,, near the

-

'x,cell body of the neuron, a basal glial: cell enwraps the cell
ﬁbody of the neurons and contlnues around 1ts axons to the
nerve' The cytoplasm of all the sheath cells contain

‘-numerous mltochondrla along with other cell organelles such

‘ as golg1 bodles, endoplasmlc retlculum, vacuoles and

" / . : . o

mlcrotubuﬂes.

’
o

r/v



TYPE B
Type B sensilla are 4.5 Hm long pegs and each 1s
2. 8 pm wlde at its base (Flg 2 5). It 1s characterlzed-by
-finger-llke progectlons surroundlng a pore atfits apex
There ‘are a total of 41 sen31lla on: the maxlllary palp1 and
58 on the lablal palp1 (Table 2. 1) ' ‘ !f . K

<

These senfllla are ;Lnnervated by 51x blp&ar
neurons (Figs: 2.17,2. 18, d)‘ A c111ary region div1des
dendrltés into proxlmal and dlstal dendrltlc seghents (Fig.
2 19). The c1liary reglon eﬁhlblts the typlcal
characteristlcs seen in other 1nsect sen31lla Microtubules
are promlnent in thg—dlstal dendrltlc segments Wthh are

| enclosed withln a dendrltlc sheath (ds) . A typical‘9x2+0“
arrangement of mlcrotubules is seen: at the c111ary reglon
Four sheath cells, the inner, 1ntermed1ate, outer

and basal sheath cells were observed a53001ated with each of

these sensilla (Fzgs. 2.18,2. 19) The‘lnterrelatlonshlps of

e
these cells is slmalar to those described for type A
“ ;\ M - A . s
sensilla.
- TYPE C' .

There are no apparent pores on the t1p of these

Asensilla although SEM observatlons 1nd1cate the presence of
'Lflne clefts' on the apzcal tlp (Flg 2 6). There are a |
-.:total of 161 type C sen51lla on: the’ maxlllary palp1 and 72

on the lablal palpi (Table 2 l) These sens;lla are 4 um

"long and 2. 6 _pm widerat the base.

TEM observatlons indicate that these sensllla are j

m.‘



‘characterised by fine apical pores (p) which probably

~-correspond to the clefts seen on the SEM (Figs

Al

2.20,2. 23)» These senSilla are innervated by three dendrites

e

fwhich branch along the shaft of the peg into approx1mately

21 branches (Fig. 2.22, .db) The branches appear to bead and”
‘uesicles are prominent (Fig 2 21) '

As in type B sen31lla, a constricted c1liary.~

region diVides each dendrite into proximal (pd) and distal o

ot

dendritic (dd) segments (Fig., 2 27) The dendritic sheath

[}

(ds), enclOSing the distal segments, is c0nvoluted and often

1solates the dendrites (Fig 2 25) In addition to

microtubules, the distal segments have charactérlstic‘
54

ueSicles {v), some electron dense,. which appear to originate
from the region of the ciliary collar (Fig 2. 27) .

o Four . sheath cells, as ‘seen in type B, are
assoc1ated w1th each of these sen51lla (Figs 2.217, 2 36)

;However, it appears - that the intermediate and outer sheath

.‘vcells are assoc1ated Wlth formation of two additional

‘31nuses (s), in- addition to the presence of the c1liary and;
. senSillar Sinuses (Figs 2 28 2 29) From the region of the
, cell bodies to the proximal dendritic Segments, ‘a sinus cell o
extends w1thin the 1ntermed1ate sheath cell (Fig 2 27) A;;
131nus alsq exists Wlthln ‘the outer sheath cell and opens e
into the senSillar Sinus which is unusually large

V(Figs 2.24, 2 26) In addition, the outer sheath cell
ﬁ.maintains tight contact Wlth the base of the‘peg (Fig

2 24) ~The bipolar neurons possess a large nucleus enclosed

-



A T

by a thin layer of electspn lucent cytoplasm and contain

“qmitochondria, ribosomes and golgi elements (Fig 2. 30)

A,

. TYPE D ‘5 | |
A 5.0 pum long’and'Z.g‘hm wide‘uniporous‘peg'with a

sunhen socket There are ‘a total of 6 sensilla of this type\
fon the max1llary palpi and 3 on the lablal palpi (Fig 2.7 ‘
and Table 1. .« |

\ ‘These sen31lia are 1nnervated by flve bipolar .
neurons; four of which extend with their sensory prOcesses
to. the tip- of the peg (Fig 2 33) The dendrite of the fifth
neuron terminates at the hair ‘base and has a typical tubular
‘body (tb) with numerous parallel arranged microtubules,

These sen31lla have a. sunken socket and possess ‘a socket

cylinder Suspen31on fibres (sf) connect the cyiinder with

the base of the, peg»(Figs. 2.31,2. -32) . A jOlnt membrane (jm)

connects the socket and the basal end of the hair shaft The |

e

'_I'Ciliary region of the. dendrites lies below the peg base At

the periphery of the.ciliary region lS a typical pattern of

&

L 9x2+0 microtubules (Fig 2. 34) The proximal and distal

dendritic segments are 31m11ar 1n structure to those '

| previously described for type B sen31lla

COMPARATIVE MORPHOMETRY OF . DENDRITES
The length of dendritic segments was reconstructedf'
from seyeral complete longitudinal sectlons from the
different senSilla on the maxillary palpi (Fig 2 37) They
show that differences between senSillar types are much -

greater than 1ndiv1dual variation For example, the distance‘

&
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from the sensillum base to the dendrltlc cell bodaes (Cb);lS
about 58 pm 1n type C while it is about 96 um in type A and
84 pm in type D. Also, the proxlmal dendrltlc segment (pd)
" in type- [ 13 short compared to that of type A. -
TOPOGRAPHY OF SENSILLA

The d;strlbutron of ‘sensilla on- the aplcal dome of
the palpx shows no clear pattern and is summarlzed in Flgs
2. 38 (a to. g) Type A sen51lla are dlstrlbuted malnly on the‘:
| apex of the oval dome of each max1llary palpus (Flg 2 38a)
Type B sen31lla w1th flnger llke projectlons at the t1p, are

\ :
'vlnterspersed throughout the sensxllar f;eld (Flg 2. 38b)

‘whereas type C sen31lla are dlstrlbuted proxlmally and
towards the perlphery (Flg 2. 38c) Type D sen5111a are
dlstrlbuted on the aplces (Flg 2 38d)

On the lablal palpl, type B sensllla are
ﬁdlstrlbuted proxlmally on the apical tip (Fig. 2. 38e) whllel
‘ type C are concentrated on 1ts apex and -on the lateral sxde

(Flg 2 38f) ‘As 1n the maxlllary palpl, type D sensxlla

"”occur on the perlphery (Flg 2. 389)
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‘DISCUSSION‘
Cuticular specializations‘of sensilla on the
T marlllary and lablal palp1 of adults of L. decemlrneata are
‘similar to those described in- other 1nsects (Hansen 1978;
Altner and Prillinger 1980,_Zacharuk 1980 1985) In insect .
Nsensilla,‘structure of the dendrltlc segments and thelr
cuticular specialization can prov1de 1nformatlon on the
nmodalities of stimuli (Altner and Prllllnger 1980)
:Con31der1ng the ‘types . of sen31lla present, it appears that
palp1 1n L. decemlzneata are capable of perce1v1ng mechanlcal
land chemlcal stlmull." .

Porous sensxlla in insects were flrst descrlbed in

»

‘
V.

grasshoppers by Slifer et al, (1959) and 31nce then, the
‘presence of multlple pores. has been a crlterlon for
identiflcatlon of olfactory sen31lla Type A sen31lla are

i

| uniqgue in thls beetle due to. the presence of spoke channels.
Slmll;r sen31lla have been observed mostly in blood feeding
.1nsects (Bernard 1974 Levinson et al, 1974, Stelnbrecht and
f'Muller,1976) but also in grasshoppers (Sllfer et al 1959)
'qut has been suggested that such sen31lla respond to humldlty
‘ ;and temperature in addltlon to belng olfactory |
‘(Bernard 1974, Steinbrecht and Muller 1976) Recent ev1dence
‘vrsuggests that hygroreceptors are essentlally non—porous (np)
;3sen31lla w1th an 1nflex1bleosocket, whlle thermoreceptlve
ensxlla have wall pores (Altner et al 1983) jda;m

"comprehensive study of antennal sensrlla in 18 insect

grfspecies from 9 orders, Altner et al, (1983) observed that

- J»u»
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such”a‘senslllum has three,sensory cells forming a.'triad;
responding to cold wetnéss and dryness. A model for the
action of humldlty on np- sen31lla has been proposed for
certaln antennal sensxlla in Perzplaneta americana .
(Yokoharl, 1978 1981 Altner et al, 1983) where the:
hygroreceptlve cells are con31dered to be modlfled

—

mechanoreceptors. In type A’ sen31lla with spoke channels,

.

stimulus conductlng mechanlsms should be similar to those
descrlbed for olfactory sensxlla with pore tubule systems
(Stelnbrecht 1973) The odor molecules pass: through the

groove channel by dlffu31on, then through the gp'slllar‘
llquor before contactlng the dendrltlc membrane However,'in

Al

‘pore tubule systems, eff1c1ency is probably greater 31nce

-~

the pore tuhules contact the dendritlc membrane dlrectly*:'é
| ’fype B sensllla with aplcal flnger like

projectlons are unlporous pegs and probably functlon as

| gustatory chemosen31lla In,laryae_of L.decemlzneata, the
maxlllary and‘labxal palpi‘have 16 and»Il peg-llke‘ |
sen31lla respectlvely (Mltchell and Schoonhoven,_1974)r,
These 1nclude type B sen31lla ( pegs w1th v1lla-11ke .
structures, Flg 1, cf. Mltchell and Schoonhoven 1974) and ;‘
type o} sen31lla ( pegséw1thta broader base and a rounded
tlp p cf Mltchell and Schoonhoven 1974) seen 1r adults By.
placing a plpette ‘over. the tlp of the“palﬁus, 31ngle ce‘l

TN

responses were evoked w1th a threshold of lmM for GABA No

responses were obtalned from the other compounds tested

whlch 1ncluded sodlum chloride, sucrose, some amznn acids
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" a

and‘chlorogenic acid, The‘ultrastruttural‘studies presented

here suggest that the responses were evoked from the type B

sensilla seen in adults, which have the characteristics

”typical of insect gustatory senSilla In some studies, it

has been shown that uniporous sensilla also respond to odors

(Dethier,l972 Stadler‘and Hanson 1975) SR

Judging by their ultrastructure type C sensilla

‘are olfactory receptors Branching of dendrites and fine

b

apical pores are characteristics of insect olfactory

‘sensilla whereby they increase sen51tiv1ty
'(Steinbrecht 1969, LeWis l970) VeSicles occur around the
,“ ciliary core and dendritic branches Though not identified

"Has a criterion for 1nsect olfactory sensilla, such VeSICles“

have been seen to be present within many insect. olfactory

sensilla (Slifer and Sekhon, 1964 Scott and Zacharuk 1971)

‘It has been suggested that these veSicles have a nutritive

function in transporting materials to the dendritic

terminals (Slifer,1970 Scott and Zacharuk 1971) Ernst

‘(1969) suggested that coalescence of ve31cles 1n the distal

' 'dendritic segment isolates part of the dendrite which

s

becomes a branch Extracellular vesicles budded off from the'
dendritic terminals are 1nvolved 1n pore filament formation

oo

(Zacharuk 1971)

...

The tight membrane contacts between the outer f

kS

sheath cell and the cuticle seen 1n tYpe C sensxlla ﬁave
been observed 1n insect olfactory senSilla. As dlscussed by‘«”
Keil (1982 1984) and Kell and Steinbrecht (1984)/ these'?f

VAN
! o
Lty
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contacts probably serve to’ provxde electrlcal isolatlon

between the sensxllar s1nus and the general subcuticular

space de Kramer ec.al,(1984) provlded ev1dence to show that N

"

there LiJh;gh re51stance between the sensmllar sinuses of
. neighboring sen51lla, Such contacts may also serve to attach ;
the whole senslllum unit to the cutgcle and’ have been'
observed in mechanoreceptors on the thorax of Call;phora
(Keil and Thurm, 1979) and on the cerci of AcheCa (Kell ana\k
Stelnbrecht 1984)

Type D sensilla wlthla‘sunkenjsocket and an‘"
aplcal pore,‘show all the characterxstlcs typ;cal of lnsecth
gustatory sen31lla Thelr relatlve positlons on - the palp1

A

‘and 1nsert10n mechanlsms through a flex1ble surface membrane
alt . 3 a’
and suSpensory flbres relates to conductlon of

mechanosensory stlmulus to. the dendrrtlc tubular body

Sheath cells observed 1n ‘the dlfferent types of %-

sen31lla are 31m11ar to those reported for other 1nsect

sen51lla However, the outer and 1ntermed1ate sheath cells

,1n’type A -and C bear exteh51ve microv1lli in associatlon

o

'fwlth -a large number of\mltochondrla Such mlcrovillateii

,Ay

=) membrane layers are known to occur 1n other 1nsect tlssuesv‘

S ~

such as mldgut, malplghlan tubules, rectum, rectal paplllae

H i

and sallvary glands and are'lnvolved 1n transport of ions
y and - solutes (Berrldge and Oschman 1972) | A 81m11ar functlon td:
‘”Hhas beenfproposed for the microv111ate membrane system of
dthe outer sheath cell in 1nsect sen81lla (Kuppers and |

f«ﬁThurm,1979) Thurm (1970 1974) proposed a model for,v'“"

b i . . . !
LoLe . : A S : . L
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campaniformmsensilla on the halteres of flies in which he
suggested the presence of an eleCtrogenic,pump on the
membrane system of the outer'sheath cell involved in active
transport of ions and which is capable of generating a large
trans- epithelial voltage. Consxderlng the enlarged membrane
of the outer and intermediate sheath cells in types A and C

sensilla, it is reasonable to assume that a continuous
» y

rcurrent flows during ion transport activity W1thln a c1rcu1t

~compr131ng these cell membranes, that recycles the

’

trggsported ions. Thus, structural relationships snggest

that the intermediate sheath cell transports lons to and,

S

‘around the neuron through the inner sheath cell and that

'

both the intermediate and outer sheath cells transport or
. ¢

secrete through their sinuses into the sensillarvsinus. -

Comparative morphometry of dendrites revealed X
cor

striking differences 'in the dimensions of sheath cells, among

the various sensillar types on the palpx of L. decemflneapagp

: b

The small size of these sensilla have so far prohlblted

'electrophysiological recordlng which would help further in

i

correlating structure and functlon in these .sensilla.

.The neuronal cell bodies of the dlfferent types of

'sen31lla aggregate in the second palpal segment. The number

LS

of axongzwere not . counted for the. dlfferent sen51lL§r types

,but on average, a 1 1 ratlo of sensory dendrltes to axons

~r'was observed The axons had a beaded appearance in ‘w

| longitudlnal section an appearance common in insect

chemosensilla‘and also in crustacean chemoreceptors
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(Ghiradella et al;l968),linsect oifactory pegs (Slifer and
Sekhon,1961; Steinbrecht,1969) and in ticks (Foglix and Chu-

7/
wang, 1972) .

The distribution of the various nypéﬁ of sensilla
on the apical dome of thé maxillary énq labial palpi of
L.decemlineata suggest that both gustatory and olfactory
chemoreceptors are promirient~ Since the antegnae are
involved in asséssing olfactory cues from plants (Ma,1972;
Visser, 1979), the large number of gustatory sensilié
appearé appropriate in view of the fact that the palpi
dgktact surfaces prior to and during feeding by théAinsech
This also explains the behavioral sequence whereby thé palpi
tap the leaf surface. It has been suggested tﬁat blfactory
neurdns‘ﬁavé a range of sensitivity to different plant
compounds and that large ﬂﬁmbers may facilitate
discrimination at a distance (Kafka, 1970) . Altne? and
Stetter (1980), for example, observed 200 olfactory sensilla
of four different types on the maxillary palpi of
P.americana. However, theée sensilla had‘charécteristic
responses to some alcohéls and butyric acid bﬁt, unlike
sensilla on the antennae, none of them responded to the’ sex
pheromone of this insect.

It has been shown that adult beetles of
L.decemlinéata can distinguish. potato odor from a distance
(de Wllde et al,1969; Vlsser 1979) and that receptors in the
’termlnal flve antennal segments are responsible for such

discrimination (Schanz,1953; devWilde,1976). Ma and Visser
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.(1978) and Visser (1979) suggested that the olfactory system
in adult beetles is very selective and concluded that 25
cells were representative of the sensillum population of the
whole antenna and that the insect could distinguisn between
complex odors with this complement of cells. These cells
.were shown to respond_to general green leaf volatiles and to
respond best to trans—2—hexen—leol, cis—3—hexen~l~ol,
hexanol-1, trans-2-hexannal; hexanal and cis-3-
hexenylacetate. ;

This raises»the question oflthe need for a high
number of olfactory sensilla on the maxillary palpi. R
Presumably, once 'the adult beetles arrive dn a potato leaf
facilitated by action of their antennal olfactory sensilla,
there probably arises a need for close range monitoring of
host plant volatiles. It appears reasonable to speculate,
that, at this stage of the behavioral sequende prior to
feeding, the olfactory sensilla: on the palps are able to
- detect low concentrations of prlmary 9lcohols, secondary
alcohols and aldehydes present in the surface waxes of
leaves. Based on observations by Mitchell and Schoonhoven
(1974), I note the absence of type A olfactory sensilla in
larvae of L. decemlzneata,-whlch further supports the
importance of olfaction in host selection by adult beetles,
Palpation observed in adults prlor to taking a bite may
serve to increase ventllatlon around the palpi and. to enable.
succe331ve receptlon of stlmull at different polnts in space
thereby ensuring a- hlgh resolutlon of 1ncom1ng stimili. This

N

<&
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Al

information must be integrated with that from antennal

| oW . .
olfactory sensilla. It has been showyn in P. americana and

\
\

L. mlgratorrf that receptor ceil axons from the antennal
flagellum terminate in glomeruli of the ipsilateral

deutocerebrum whlle the lobus glomeratus in the
¢
tr;tocerebrum receives input from the maxillary palpx and

\ .
also process%s from‘deutocerebral‘nerves (Ernst et al.

\\ . A

1977) .. \ o ‘ o
Surface‘waxes of host plaata have been shown to be .
important .in food choice by acridida where the number of
sensilla are also reduced to a few‘types (Blaney and
Chapman,1969;1976). It is thus probablertﬂat chemosensilla

on the palpi perceive specific compounds in surface waxes.
\ ' .
In his exten51ve ‘review, Chapman (1982). recognized

several selection p&essures likely to affect number of
chemoreceptors, 1nclud1ng insect size and the need for

v

sensitivity.Qﬁithoughwthe numbers of chemoreceptors on the

”mouthparts of several gpec1es of locust and grasshopper
\ [

varles in relation to bbdy size (Chapman and Thomas,,1978),

in L.decemllneata, there\are no such obvious correlations

arvae by Chin (1950) and Mitchell *

v
-

based on. observations on

.
*

"and Schoonthen‘(1974)
Chapman (1982) s,ggested that representatlves of

older taxa like the Orthdptera and Apterygota are less

Lo

speq1allsed and hence have more sensxlla. According to hlm,ﬂ"

this results in 'across-fibre" patternlng of response bn

ihsects of thlS groups to glve versatllity to the system.
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‘Endopterygotes, on 'the other hand, are'specialieed in their
'feea}ng habits becauq@ of their having tuned receptore |
reSpondinolto 'lagelled—iinee'. However,“suchweharply tuned

‘<receptors have been identified in only a few endopterygotes

‘despite numerous clalms for the presence of feedlng

N

stimulant/deterrent receptors. Conclusive
electrophysiological eviderice is available only for the
pheromone receptor in‘males of Bombyx mori (Kaissling,

971), gluc081nolate sensltive cells in Pieris brassicae (Ma

and Schoonhoven 1973) and Mamestra brasszcae )
(Wieczorek, 1976) and the hyper1c1n sensitive cell .in

Chrysolina brunsvicensis (Rees, 1969).\
B

Food spec1allzation w1th1n known species of

Acridoidea are speculated to have arisen by " av01dance of
unacceptable plants due to diversity of thelr secondary

.chemicals.rather than as a positive adaptation to the

chemical propertles of the favouregbfood plants"”

-

. (Chapman, 1982) He even indicated that in such species,'
'chemical adaptation to the host plant is not complete and

‘that in the absence of the host, some of these spec1es are

& .
known to accept other plants In the specles dlscussed

there is no reference to any data on numbers of sensllla on
. . l’\...

TWOuthparts or antennae. , . Kot

My Observations on L. decemlin%ata‘doﬁéotVSupport

the generallzed observatlons ‘by Chapman (1982) Numbers of
palpal sensxlla on a&ult L. decemllneata are hlgh and do notl

~fag1 withln the generallzed trend of fewer sen31lla on



specialited inseCte. Chapman's generaiizatiOns'fail‘to

_exélain relationéﬁips between:sensilla-on the antennae and

the Lnsect s size and/or taxonomlc'posxtlon As tﬁe eeme

lnsect is able to detect between dlfferent and

31multaneously presented complex sources and as there is’
¥ .

- considerable overlap oﬁ’compounds between these 30urces,

perlpheral codlng cannot be assumed t6 occur by action of -

.‘

o

labelled 11 es‘alone but by a system of Feceptors with broad
overleppihg sfectra.‘These mixtures are presumed to be coded
laccording to an acroee—fibre'pattefn,of requgpevwith eaeh
substance evoking a séecific prg}ile of relatiye levels of
excitation in the cells. Theee 'generalist' cells are
capable of flne graln sensory dlscrlmlnatlon among the many

complex stimuli present simultaneously in ‘the environment of

the insect.

—



31

$010 [lRM dM Mi1ed Aseixew gy tdred ee) :d7 ‘es0d eoide gy

e ‘ . ) v . suofieassqo 0L o peseq ,

Loimsng

Kioei0

Kioreisng

Lioeyo

. C1¥912

L1521 4>

$%02 v YO oy sz oS s . s w @ - a

% 8I3gey av §0 SS 92 0y, & ymL o®i9L

0é%i-0ze LM 5o er gL - s 9-5 T~ s%oLL

> -
v2r9vz dv 90 - 9t @z v 9 €S - rELy d - I

s

sUoIIUny
s1q1ss0y

d1

dn . seuDmg 1005 WP WOWY - : o

.23&&88435&385.&63%3&:&2_«23” T

‘ . . . . : o . -

SUOYU 0 ¥ POISRry - 8es0d .M e sng -.83- Pl sweps: E o&h..



Figs.

Fig.

Fig.

Fig.

Fig.

Fig.
- Fig.

" Fig.

i

. i
2.1-2.7 SEM m:.crographs of senszlla on the
maxillary and 1ab1al palpi of adult

L. deceml;neata

‘2.1 : Ventral view of mouthparts of L.decemlineata.
' ga=galea; lp=labial palp; md—mandlble, mpamaxlllary

palp (Scale 400um)

2 2 : Side view of the aplcal tip of maxlllary palp

(Scale =20pum) .

2.3 : D1str1but10n of sensilla on the aplcal t1p of

~ the lablal palp (Scale ZOpm)

2. 4 ;vape A sen31llum w1th longltudlnal grooves .
(Scale—Zum) (Inset) Apical tip of type A sensillum-
show1ng depression along the circumference (Scale-same.
as in F1g 4)

’

2.5 : Type B sensillum w1th aplcal flnger llke
2pr03ect10ns (Sca1e=2um)

!

2.6 : Type C sen31llum Note the fine 1ndentatlons

' (arrows) on the tlp of the: sensillum (Scale—Zum)

2.7': Type D sen51llum w1th a 31ngle apical pore,

‘V(Scale—lpm)
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.2.8- 2 15 ot TEM sections of type A senaillum

4

2, 8 : Cross-section through the peg .of" type A

"sensillum. Spoke canals (sc) '‘extend from the: dendritlc

. lumen- .to the exterior ul unlnnervated lumen'

Fig.

(Scale=0 Spm)

-

2 9 :'a thlcker cross- sectlon through the constrlcted
area near the apical tip of type A sensillum showing

" the five dendrites (d) enclosed within a cuticular

sleeve (cs) sl=sen81llum liquor;: l=uninnervated lumen

'“(Scale=0 Spm)

Fig:

2 10 Longltudlnal seotion through the base of type A
sensxllum show1ng an enlarged sensillar sinus (ss)

‘fllled with'a granular material. Note that the distal

'Fig.

?ig:

dendrltlc segments near the peg base :are enclosed
within a ‘cuticular sleeve. Proxlmally, the dendrites
(d) are enclosed w1th1n the deqdrltlc sheath (ds)
(Scale=2um) _ SRS

2.11 :‘Longltudlnal section distal to the ‘ciliary

.region .in type A sensillum. show1ng parallel arrangement

of mlcrotubules within a ndrlte (d) . ds=depdr1t1c
sheath; in=inner sheath cell;il, i2=intermediate’ sheath
cells;m=mitochondria;ot=outer. sheath cell ss=sen31llar

,sinus. (Scale=2pm)

2.12 : Cross- section d1stal to the c111ary region in
.type .A sensillum.showing 6 dendrites. ‘The dendritic

'"sheath (ds) is peterlng out at this stage and portlons

of the sensory sinus are still visible (arrowheads)
ds=dendritic- sheath,‘1n=1nner sheath

cell; ; i1, 12=1ntermed1ate sheath cells,ot=outer sheath

g cell(Scalealum)

‘Eng‘

“Vcc-c111ary collar;dd=distal ‘dendritic

TFig.

. segments in type A sensillum with prominent = = ' -~ . ¥
"mlcrotubufes (arrows) . w1th1n the dendrltes,(d) Septateﬁ
junctions occur between the dendritic’ segments ' S

*(arrowheads) 1n=1nner sheath cell (Scale=0 Sum)

';2 15 3 Cr033qsectlon through type A sensillum proxlmal

" to the ciliary’ region ‘cs=ciliary 31nus, d-dendrltes,

“,,11,12=1ntermed1ate sheath cell,,m-mltochondrla B
- (Scale=1um) o et R T T e e

'2 13 Longltudlnal sectlon at _the c111ary region

show1ng the distal and proximal dendritic' segments w1th
prominent- basal bodies .(bb) angd” cillary rootlets (cr)~

‘..,.-.-»‘" -

segments;ds=dendritic sheath; in=inner- sheath

cellzil, 12=1ntermed1ate sheath cells,vot=outer sheath
.‘cell,pd=prox1mal dendrltlc segmentSm (Scaleclpm).

2.14 Cross sectlon thrbugh the proxlmal dendrltlc

w' .A‘

s

.l,“

Koo






Figs.  2:16-2. 19 : TﬁMueectionsjth:ough'type B
sensxllum o : ! ' R .

‘ Fig 2 16 : Longltudlnal section through type B sensillum
‘ " with apical finger-1like projectlons in ‘the region -of
the pore (arnow) d=dendr1tes (Scale=4pm) '

" Fig.-2.17 : Cross-section through the peg of type B
: sensillum showing the five dendrites (d) enclosed
’Wlthln a dendritic sheath (ds). (Scale=1um)

'Fig. 2. 18 : Cross-section through _the distal dendrltlc

- segments (d) just distal to the. ciliary region with the
dendrltlc sheath (ds) petering out. 1n—inner sheath .

‘ cell,'1t=intermeglate sheath cell ot=outer sheath
cell. (Scale=1um) ‘ «

' Eig; 2.19 Cross -section, through different levels in the
‘ciliary. region of type B sensillum 1nnervated by 6
dendrites, three contalnlng the double arrangement of
microtubules. cs=ciliary sinus; in=inner sheath cell;
it= 1ntermed1ate sheath cell (Scale=1um)

~ Figs. 2. 20- 2 23 i‘ TEM sectiona through type C
‘ ‘sansillum. ’ : :

Flg 2 20 Cross —-section- through type C senszllum showxng
fine: aplcal pores (p) (Sca1e=1um) - L :

Flg 2 21 : Longitudinal secglon thro gh . type C sen81llum
showlng dendritic branches (db) W th promlnent ve81cles-
(v) (Scale=2um) : 3; .~‘,/“' c o

. F;g. 2. 22 Q Cross -section through type o sen31llum show1ng
R dendritlc branches (db) (Scale=1pm) co

Fzg 2 23 Longltudlnal sectlon through type C sen31llum,1;,‘
' show1ng fine aplcal pores (p) (Scale-lpm) L ,
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sheath cell. (Scale=2um)
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.. Fig.
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Fag

‘l body of a dendr{te (Scale-Zum)

boor

2.24-2.29 : TEM sections ‘through type C
'sensillum. S ' . -
"2.24 : Longltudlnal sectlon through type ¢ sens;llum

‘show;ng an enlarged sensillar sinus, (ss) . Note the

‘tight membrane contacts (arrows) between the outer , .
.Sheath cell (ot) and the sen31llum -base. d=dendrites. .
(Scale 4um) ‘ . ‘ S C

2.25 Cross -section. through type. C sensmll&%

. 1nnervated by three dendrites (d). Note the

invaginations of the dendrltlc sheath (ds) . in=inner

‘2.26]: Cross sectlon through the dlstal dendrltlc

segments of type C sensillum. Additional sinuses
-arising from the intermediate sheath cell (it) and
outer sheath cell (ot) cell are characterlstlc at thls
‘level. in=inner sheath cell. (Scale=2um)

2.27. Longltudlnal sectlon through the c;llary sinus ~
(cs) in type C sens*llum Electron dense and electron
ducent vesicles . (v) '‘are seen within the ciliary collar
{cr) in the distal ‘dendritic branches (dd). bb=basal
bodies; . cr—clllary rootlets; in=inner sheath cell;

Cdt= lntermedlate sheath cell, ot=outer sheath cell -

(Scale=2um)

‘2. 28 : Cross-section. through the proxlmal dendrltic

v segments (d) of type C sensilla. The inner sheath cell

(in) is extensively lamellated at this level . -
(arrowhead=0111um) cs=c111ary sinus; 1t=1ntermed1ate
sheath cell, t-outer sheaqh cell. (Scale=lum).

2. 29 :4Cross—sect10n through the proxlmar dendrltlc
segments (d) of type.C sen81llum enclosed by a. large |’

‘31nu§.(s) arising from the basal glial sheath cell.

in=inner sheath cell; 1t=1ntermed1ate sheath cell,r
v=ve51cles (Scale=1um) . ‘ S

2. 30 : Obllque sectlon through the proxlmal region of
La maxlllary nerve bhranch showing axons (a) encompassed

by-a glial- sheath cell (g) ‘and -surrounded by nucleus ofhf;

epldermal cells. n=nucleus of the glial cell; nd-cell

PO R
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2.31-2.34 : TEM sections through type D

sensillum.
2.31 : Longitudinal section through type D sensillum

with a sunken socket. The sensillum is attached to.the
socket cylinder by a joint membrane (jm) and suspen31on
fibres (sf). sp=socket septum. (Scale=0.5um) . ‘
! (3

2.32 : Oblique sectiion through type D sensillum

'showing 4 dendrites (d) with one formlng a tubular body

(tb) . ds=dendritic sheath. (Scale=1um).

2.33 : Cross-section through t%e socket region in Cype

D sensillum. c=socket collar; jm=joint membrane;
ss=sensillum liquor; tb=tubular body. (Scale=1lum) .

2.34 : Cross-section through the ciliary region in
type D sensilla with three dendrites (d) showing,the
typical double microtubules while the mechanosensory
dendrite ts through the rootlets.. cs=ciliary sinus;
in=inner sheath cell; it=intermediate sheath cell;
ot=outer sheath cell. (Scale=1um)
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Fig. 2.35 : Montage of type A sensillum. bn=nucleus of
"basal sheath cell; cs=ciliary sinus; dd=distal
dendritic segments; in=inner sheath cell; inn=nucleus
of ipner sheath cell; il,i2=intermediate sheath cells;
itn=nucleus of intermediate sheath cell; ot=outer
sheath cell; otn=nucleus of outer sheath cell; pd=
proximal dendrites; 1-5=dendriticc¢cell bodies.
(Scale=5un) . ) . S
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Fig. 2.36 : Montage of type C sensillum. in=inner sHeath
cell; ipn=nucleus of inner sheath.cell; it=intermediate
sheath c€ll; itn=nucleus bf intermediate sheath cell;
ot=outer sheath cell; otn=nucleus of outer sheath cell;
1-3=dendritic cell bodies. (Scale=5um) . B

-









Fig. 2.37 : Comparision of the length of dendritic segments
in different chemosensillum types on the maxillary palpi
of L.decemlineata. Only one dendrite per sensillum is’
considered. The values represent means from 5 sensilla..
dd=distal dendritic segment; cb=cell bodies; cr=ciliary
region;. pd=proximal dendritic segment.*
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2. 38'a—g

2.38b: Dlstrlbutlon of type B

maxlllary palpl

2.38c: Distribution

maxillary palpi.

2.38d. 613tr1butlon
maxlllary palp1 '

2.38e: Dlstrlbutlon

of
of

of

palpi‘(Scale—ZO um)x'

2 38fF: Dlstrlbutlon

" 'palpi.

tFig;

2.385: Distribution
- palpi. .
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2 .38a: Dlstrlbutlon of type A sensillum
maxlllary palpi (Scale 20 um)
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III. Ultrastructure of the galeal sernsory complex in
‘adults of the Colorado potato beetle, Leptinotarsa
decemlineata (Say) '

INTRODUCTION

Sensory mechanisms underlying feeding behavior and

host plant selection by phytophagous insects‘have been giiln
considerable attention in recent years. Extensiue.studies
‘have been conducted with larval Lepidoptera (Ishikawa, 1965;
‘Scnoonhoven and bethier,1966; SChoonhoven,l972; Ma, 1972;
Wieczorek;1976; De Boer,1985; De Boer et al, 1977; Albert,
l980l; ‘and with.locusts (Blaney and Chapman;1969,l970;
. Blaney et al,1971);>crickets (Klein, 1981; Klein and

,Muller,1978)‘and mosquitoes (Mclver, 1982)

——r

Galeal senszlla in chrysomelid beetles respond to-
nutrients and to secondary plant . compounds Mitchell and
Gregory (1979) studied the phy31ology of the lateral galeal
sensillum in larvae of the red turnlp beetle, EntOmoscelzs
americana -and descrlbed responses to NaCl, gluc031nolates
‘and glucosldes,‘whlle Sutcllffe and Mltchell (1980)

described the response characterlstlcs of analogous adult

sensilla. Similar electrophysxologlcal studles have been

conducted on the galeae of larvae and adults of thé Colorado'

. potato beetle, Lept;notarsa decemlineata (Say) (Coleoptera
Chrysomelldae) (Mltche11’1974 1985- Mitchell and
'i~Schoonhoven,1974 Mltchell and Harrlson 1984 1985) .
“;Approximately 15 chemosens;lla, whlch are not .
"distinguishable on the ba313 of thelr external structure,
, S 57 . _ . .
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beetle. All these sen31lla are sensitive to sucrose, whzle

only a few respond to L-alanine and gamma amino butyric acxd

(GABA) One of them, the «- sensxllum, ‘is much more sen31t1ve
to the amino acids than the others, and has a hzgher

conductivity (MltcheLl and Harrison, 1984) . In addition, the.
v . . , .
same sensory cell predominates in the &«-sensillum responses

Py

to amino acids and to sucrose.

In the present stndy, attempts were made to find

differences in ultrastructure among galeal sensilla which

correlate with known phy51ologlcal dlfferences



MATERIALS AND METHODS

Adults of Leptznotarsa decem11neata were collected
tin Edmonton and reared in the laboratory on leaves of
greenhouse—grown Solanum tuberosumv.

For scanning electron mlcroscopy (SEM),‘specimens
were.prepared by ‘air- drylng exc1sed heads and mountlng them.
on stubs. Mounted stubs were gold coated in a sputter coater
and observed usxng a Cambrldge Stereoscan 250 electron
'microscope. To 1dentify the ahsen31llum, sped1mens were

prepared as outllned in Mltchell and Harrlson (1984) .,

For transmlssion electron mlcroscopy (TEM),.galeal
tlps were dlssected from llve beetles and 1mmersed in’ |
chilled 5% glutafaldehyde flxatlve in phosphate buffer. They -
were, then plaCed in fresh, cold glutaraldehyde‘flxative and
refrigerated overnight. After firation, galeal tips were
washed twice in phosphate buffer and post fixed 1n 1%
Millonlg S osmium tetroxide for 2h. After flxatlon,

specimens were washed twice in buffer, dehydrated through a

series of ethanol and subsequently placed in propylene ox1de
¢ .

for lh,with four changes For better 1nflltratlon of @""

' plastic, the specimens were left overnlght in~a 1 1 solutlon
TI of EPON 812 and propylene oxlde. Spec1mens were’t;ansferred
L to fresh EPON for 2h after whlch they were transferred to
. embedding'moulds Blocks were polymerised at 60 0C“for 15h
| Sect;ons were obtalned uszng a Relchert Om U2 ultramlcrotome
and stained with a saturated solutlon of methanollc uranyl

rp,n,
o

acetate for 20 min followed by 1ead cxtrate for 10 mln.‘-'




Sections were examined using a Phi

microscope.

.

lips EM300 electron
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| " ' | ‘a‘zs“m.'rs AND ‘nrscus‘s:ou
;“//‘ ‘ o The galea (ga) in the adult Colorado potato beetle'
arise between the lateral 4- segmented palpus and a medial
spoon shaped fringed lacinia (Fig 3. l) The galeae havel
»mechanosensory hairs as well as ohemosen31tive apical pegs
at their tlpS (Fig 3.2). The mechanosensory hairs are ‘more .

inumerous in Leptinotarsa decemlineata than in the red .

“\ n

turnip beetle, Entomoscelis americana and often obscure the

iR

bchemosen31tive pegs N
There are 11. to 15 apical pegs arranged in an'
irregular fashion on the tip of the galea (Fig. 3 2) These
hare protected by numerous mechanosensory hairs . on the dorsal
sxde and by fewer on the ventral side. Each chemosensory peg |
1s uniporous,'cylindrical and has a 31mple socket
. ‘ ‘ " . APICAL PEGS |
TEM studies 1ndicate that the apical pegs are
1nnervated by 5 neurons,_4 of which extend their sensory
processes up to the tip of the peg (Fig 3 3) The dendrite
lhof the fifth neuron terminates at the hair base and exhibits
'a typigal tubular body (Fig 3 4 tb) However, one of the:.
f;apical pegs, the d-sen31llum, has 4 cells (3 chemosen31t1ve

?(\plus 1 mechanosensztlve) (Fig 3 5) The<x sensillum 1s

f“located apprOximately In the centre of the sen31llar fleld

*fand is surreunded ventrolaterally by 4 chemosensory pegs.;a~-

oy
—

ﬁ;Twenty-five galea were sectioned and 1n each one, only a.

?fSingle aﬁT%al peg had 4 dendrltes. The walls of the apical

:fpegs are thick with a large lumen containing the dendrltes ';iaf
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(Fig 3 6) .The dendrites are packed tightly and often‘
present a telescoped appearance which lS, ‘in fact, an
artifact of fixation, and 1s usually not eVident when freeze
’substitution is. employed (Steinbrecht 1980) The proximal
dendritic segment is’ enclosed by an 1nner sheath cell (1n)
and the latter by an intermediate sheath cell (it) (Figs
3.9, 3 10). There are a number of well developed |
longitudinal junctions between the dendritic membrane and
the 1nner sheath cell (Fig 3. 9) These junctions are‘
complexes of microfibrils and are assumed to be skeletal

‘ structures forming a protective barrier around the Ciliary
51nus and the dendritic segments Within The proximal
dendritic segments . have ‘a typical microtubular arrangement

H;,of 9x240 (Figs 3. 7 3 8) . At this pOint the sheath cell

' encloses the c1liary sinus. 4 '

‘;& ‘ “ The presence of an apical pore and
electrophy81ological eVidence (Mitchell and Harrison 1984)
indicates that apical pegs are contact chemosen31lla ’5

‘ sections, the senSillum containing 4 cells was surrounded by '
other apical pegs, as 1ndicated by SEM Though 1ts exact":l;
location could th be determined due‘to irregular:ﬁ ’Q§pnu

arrangement of senSilla, the\general 31t10n of the 4-ce11
senSillum is not inccn31ste;; with that of the<a-sensillum;1hah

(>3

%s 1dent1f1ed uSing electrophy51ologica wanngEM techniques‘

(Mitchell fnd Harrison, 19’@) On the basis of this indirect

ev;dence,’we suggest that thetx—sen31llpm, which reSponds

o best to L—alam.ne and GABA, conta:u'only 3 chemosensztive
" L : . u i o ‘. ) " . . . ~ . -“' ‘.—17_ A‘—‘& N . "



cells It has been suggested that the unique response of the

i a‘senSillum to 2 amino acids, and to mixtures of amino ac1ds

‘and sucrose,,is probably due to a Single cell,,assuming that

these compounds do not inhibit each other s activity The

)

 physiological differences observed between the - senSillum

‘ ‘and the remaining apical pegs appear to: have a morphological
,correlate 1n the reduc%g number of . chemosenSitive cells in-
“the apical peg It is’ likely that the’ sugar sensitive cell
“fin these sen31lla has secondarily become sen51tive to the 2
t'amino acids Neighbouring senSilla are moderately to poorly
lfsenSitive to the amino ac1ds while retaining their sucrose
sensitivity (Mitchell and Harrison, 1984) Why this should |
'result w1th the 1oss of a sensory celI is not, clear. 'It‘ |
would be anteresting to compare several . species of

2 Leptinotarsa using electrophpsiological and TEM techniques
;According to behav1oral studies, larvae of several speC1es
.7are not equally sensitive to amino ac1ds as feeding ‘
stimulants (331ao, 1974) '{i” ;:";f 9;7‘““ -;""

APICAL HAIRS

In addition to the pegs, another type of senszllum f

fg'occurs on the galeal tip These hairs are shorter than the

mlapical pegs and the pore at the tip 1s surrounded by finger—

L

”vflike progections (Fig 3 1 ); There are 2 hairs on each )

@gA 3 13, sl)

@

The‘\all of thlS sensxllum-_p"~?
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‘dendrites; There 1s apparently no dendrltlc sheath

- surroundlng the dendrltes at this level The sensrllar lumen
"1s fllled w1th an: electron dense materlal suggesting the‘
presence of a fluld 1n vivo. At the- base of the halr, the 2
ﬂchannels (sen51llar lumen and dengrltlc lumen) merge Wlth |
the dendrltes belng surrounded by a dendrltlc sheath (Flg
3.11, ds) R - |

4

‘aplcal halrs The absence of a tubular body does not
necessarlly rule out mechanosen51t1v1ty Rlce et al (1973)
descrlbed a mechanosenslllum in- tsetse flies lacklng a
tubular body Such a functlon was also ascrlbed to a club;
shaped aporous sen31llum in nymphs of Schlstocerca gregarla'
(Bernays et al 1976) Nevertheless, the fact that the

"dendrltes reach the tlp of the halr makes 1t dlfflcult tovb
conclude that these halrs are, mechanosensitlve .The absence
of a’ cutlcular sheath w1th1n the hair shaft has been l
@bbserved 1n several sen31lla (Ka13311ng,1971) In honey
bees, the dendrltldlgheath may be fused w1th the wall of the
4sen31llum thereby produc1ng a double—Walled hair- (Whitehead

H
:

':?and Larsen,1976) ' “g , ‘.d' _'L‘ ﬁ)f\”7”lﬂ'il f;b

‘ ff Such a sep81llum w1th two lumlna was g;rst
f_udescrlbed by Tlnbergen (1939) in the blowfly, Callzphora; y
““-erythroc phala Later Dethler (1955) and Larsen (1962)

Jﬂ‘déscrlbed 31m11ar sen31lla on the labellum of the blowfly,_

:iﬂtPhormla reguna These labellar sen31lla 1n P regzna had 3 fj

'1}to 5 dendrltes (Larsen, 1962) and were chemosensxtlve.‘:

. . e
- LN v e,

It is dlfflcult to draw flrm conclu31ons about the'

. \
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On' cerci of the Australian«sheep blowfly, Luc111a

v
r

lc@prina, there are 10 such 'double channelled' hairs which
‘are presumed to be gustatory (Merritt and Rice 1984) Six of

these are innervated by - 3 dendrites, the others by 4. In

"_this group of sensilla, the dendrites do reach the apical

lfpore whileithe second channel does not It is believed that

' the second channel is secreted by the cytoplasm of the inner

wgland outer sheath cells During electrOphysiological ;

recording, better Signal to- noise ratios were obtained fromr‘
the 3- ~celled’ than the 4= ~celled hairs. | o -
Similar apical hairs observed in both larvae and
adults of E. americana were proposed to be contact
dchemosenSilla that have secondarily evolved a new sensory‘~
mode, p0331bly thermoreception (Sutcliffe and Mitchell
1980) . However,‘the ultrastructure‘of the apical hairs in
‘both chrysomelids does not fit exactly the description of
‘hygro/thermorecetors given by Altner et al (1983) Such
’sensilla are. essentially non-porous’ Wlth an inflexible f
usocket In cross-sections, the dendrites are closely packed
n:within the dendritic sheath often forming a triad Il**"‘
df(Loftus 1976) or a diad Often, a fourth dendrite may ‘be' ‘h;‘”'
nupresent, the outer segments of which do not reach the base.
ii;of the . peg al{;bfd@ | i — , o
l‘ In L decemlineata larvae, Mitcrell’and‘Schoonhoven ;4“
(1974» were able to obtaln recordings from the apical hairs ﬂb
-fgwith a tip—electrode.gﬁowever, responses were low frequency, s

irregular and not correlated with any of the chemical

[
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J "

'stimuli applied They nevertheless concluded that the

sensilla were chemosensitlve. Thq,ultrastructural ' o
observations presented here do not refute thls

‘ MECHANOSENSORI HAIRS

A

The“mechanOSensilla present onlthe‘galeAe are -
‘51ngly 1nnervated Distally, the dendrite is Surrounded by a

"dendrltic sheath (ds) whlch invaginates at several points

N

‘often compartmentalizing it (Fig' 3. 15) At the base of the

.

hair, the dendrite forms a tubular body - (Flg 3 16, tb).
More proximally towards the ciliary regioﬂa the dendrites

show a, typical 9x2+0 cxllary arrangement (Flg 3 17)

)

HOMOLOGIES BETWEEN THE GALEAL SENSILLA OF LARVAE AND ADULTS

o In larvae of" the Colorado potato beetle, .two
' : ‘ ;ﬁ. ‘

sensilla termed the_'lateral' and medial' senSLlla were o

v

‘observed on the galeal tlp 1n addition to’ theﬂsumerous

setae' which are -not chemosen31t1ve (Mitchell and

"

'Schoonhoven 1974) SE%§and eleZFtrophysiqloglcal studies

1nd1cate that the 'lateral' se illum is chemoSenSitive
‘Because 6? the uniqué responée of this senSLllum to 'L-

/. -~ ,
alanine and GABA it lS ev1dent that this senSillum S

-

mcorresponds to the - sensillum in . adults. The‘ medial"

“sen31llum from which no 1nterpretable responses were

r

'tobtained corresponds to the aplcal halrs 1n adults The
‘difference between larval and adult senﬂ;lla is in their '“';,

: ‘number. There are 11 to 15 apical pegs in adults, while t(U

i

""there is only 1 in larvae.'In addition, larvae have only 1

fﬁfapical hair (! medial' sen31llum) while adults have two.

. 4 K . ', L P, . R . Nl
Y , . 5 - .
4 LA . P
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% » ‘
Hoyever,{phySiologic- differences between larval and adult

sensilla are mot segn, and both respond best to specific’

* amino acids Similaritles such as theie werse observed also

in the larval and adult galeal sensilla of the red turnip

(48

‘beetle, E.a@ericana“(MitchQQl et al,1979, Sutcliffe and

‘' .Mitchell,1980). -,



Fig..3.1 : Scanning electron micrographAof ventral view of
mouthparts of adult L.decemlineata. md, mandibles;
ga,galea; lp, labial palpi (Scale:200um) .

Fig. 3.2 : Scanning electron micrograph of the tip of the
+ galea showing the chemosensitive pegs surrounded by
mechanosensory hairs. (Scale:100um) .

Fig. 3.3 : TEM crosg-section of igfe of an apical peg along
the hair shaft showing four emosensitive dendrites
(1-4) . ds,dendritic sheath (Scale:1lpm). ‘

Fig. 3.4 : TEM cross-section of base of an apical 'peg
' . distal to the'ciliary region. ds,dendritic sheath;
.in, inner sheath cell; ss,sensory sinus; tb,tubular -
body. (Scale:lum). '
Fig. 3.5 : TEM cross-section of the x-sensillum at outer
- dendritic segments showing three chemosensitive cells
7 (1-3). ds,dendritic sheath; in,inner sheath cell;
ss,sen§ory sinus;tb, tubular body. (Scale:lum).

Fig. 3.6 : TEM cross-section of the «-sensillum along the
- hair shaft. Noteé the truncated appearance of dendrites.
ds,dendritic sheath. (Scale: 1lum).
. < .
Fig. 3.7 : TEM cross-section of the «-sensillum at the ©
level of ciliary region. 1n,1nner sheath cell; r,cilairy
rootlet (Scale: lum) Co

!

N

Fig. 3. 8 : TEM cross-section of an apical peg through the
” proxlmal region of the dendritic sheath where the zpner
" sheath cell wraps completely around the sheath. -,
in, inner sheath.cell; it, intermediate sheath -
cell r,ciliary rootlet; ssg,goblet like sinus in the
1ntermed1ate sheath cell. Scale 1pm) .

~Fig. 3. 9 4 TEM cross*sectlon of an aplcal peg at the level
- of pﬁox1mal dendrltlc segments. Scolopale rods. (arrows)
are seen at the ‘junction.of the dendrites and'fhjer
sheath cell. d,dendr;tes,in, inner sheath cell;
-it, intermediate sheath cell. (Scale, lum)

Fig.'B 10 :. TEM cross-sectiom of an apical peg through the
inner and intermediate sheath cells and proximal

. dendriticg: segments (d)* wrapped separately by the ‘nner

. sheath cell:”ih, infer sheath cell; it, intermedlate

’ sheath cell Scale lpm{‘ '
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Fig.

Fig.

Fié.
Fig.

Fig.

3.11 : SEM micrograph of the galeal tip showing the
two -apical hairs: (arrows). (Scale: 40um) .

3.12 : SEM micrograph of the tip of an aéical hair.
Note the finger-like projections (arrows) surrounding
the pore. (Scale: 2um).

3.13 : TEM cross-section of an apical hair along the

hair shaft. The two dendrites (1,2) lacking a sheath
are separated from another chamber, the sensillar lumen
(sl). (Scale: 1lum).

3.14 : TEM cross-section through the base of an apical
hair.d, dendrltes, ds,dendritic sheath;in, inner sheath
cell; ss, sensory 31nus (Scale: 0. Sum) '

3,15\: TEM cross-section of a mechanosensory hair.
Note the irnvaginations of the dendritic'sheath.
ds,dendritic sheath (Scale'-lum)

3.16 : TEM ‘cross-section through the base of a '
mechanosensory hair. ﬂb tubular body, ss,sensory sinus. °
(Scale: 0.5um). :
3:17 : TEM cross-section at the c111ary reglon of a
mechanosensory hair. Note the -prominent:scolopale rods
in,ipner sheath cell;- it, intermediate sheath T
cell; r,c1liary rootlet (Scale’ 1pm) -

.
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xv; Chomical composition and ultrastructure of
c— <

opicuticular waxes from 1oavos of So.lanum tuberosum

-

INTRODUCTION
Aerial surfaces of all plants are covered by a '.i

thin impervious layer of epicuticular wax occuring malnly on’

L '
¢

leaves and fruitsruA variety of functlons have been
i attributed to this llpld layer emphas;zxng 1ts 1nvolvement
"in both phy81ca1 -and physiological processes occuring w1th1n
the primary surface tissue (see reviews by Kolattukudy and
Walton,1972; Kolattukudy,01972 and Tulloch, 1976) |
" o  The Colorado pqtato beetle, Leptinotarsa
decemlineata (Say), feeds on potato and some other .
solanaceous species Agults have a characterlstic pattern of
. feeding behav1or 1n which they tap the leaf surface i'
exten31vely w1th their maxillary palpi before taking a bite
.(personal observations) The present study was undertaken to

R ]

; partially determine the chemical composztion of leaf surface
i{ waxes of potato in order to identify components which may be‘
involved in host recognition\by the adult beetle In‘e | |

addition,.leaf surface waixes- from flve other solanaceous t;;lh!i‘}

,TSpecies, which have been used 1n behav1oral studies,'VLz v ,ﬁd{“f

Solanum elaegnifblium, Lycqpersicon esculentum, Nicotlana

LSS

tabacum,‘Datura stromonium and SOJanum nigrum were g’%lysed“-I{.w

#;_.1dentify differences
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REVIEW’ OF LITKRATURE

The origlns -and . structure of . plant eplcuticular

. by " ‘N
waxes. have been the subject of 1ncreas1ngQahterest over the

past one hundred years. As early as 1871, De Bary |
dlstingu1shed four maln types of wax coating : needles,
l;l>rods, granular layers!and films In. recent years, study of .
| plant surface waxes has lntenelfled as 1nd10ated by the
1ncrea31ng number of publlcations on the subject Thls

resurgence of 1nterest can be attrlbuted to 1mprovements in.

v

.pnethods for 1nvest1gat1ng the1r chemlcal and physical

»propertles and ou ncreaszng awareness of the»lmportant

{ N 4

1‘- role of the surface 1n the normal functionlng of the plant

power of”transmiss1on electron T -

scannlng electrdg mlcroscopes have fac111tated o ’."

ultrastructural study whxle 1mproved chemlcal analysis

»(\

technlques llke gas-liquid chromatography (GLC), nuclear

mass spectroscopy LMS) have helped to-identlfy even trace

amounts of chemlcal con?tltuents. Such detalled studies haveghfﬁ”
demonstrated that the flne structure of leaf surface waxes 7f'5"1

. ! o > ' f '

“;is a su' ic1ently stable characterlstlc pf a plant spec1es

'ltS *Jse as a taxonomic criterion. N v

sl

g smuc'runz os LEAF CUTICI.E
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(Kolattukudy,lS?S) Epicuticular wax occurs as a layer whlch“
rests ‘upon, cutin Cutin,'the substance respon31ble for the
‘istructural integrity of’the plant cutlcle, 1s composed of‘
‘polymers of cross-esterlfled fatty acids (Flg 4 1) These }
vform the outermost layer or the cutlcle proper, and appearrﬂ
:to be deposited in the form of ultramlcrOSCOplc 1amellae
with electron dense bands of unlform thlckness 1nterspersed
fwith electron—dense bands of varlable‘ thlckness (Jeffree et
al, 1976). The electron transparent bands are probably waxy

-

ff1n¢nature and the electron dense bands form the cutin. Cutin

‘ . v ‘

":is also found along Wlth pectln, in the underlylng layer
t#'whlch forms ghe bulk of the cutlcle (HolIowaymet al 1977)
Beneath the lamellate layer is an inner reglon con81st1ng of1
‘hfan apparentiy struetureless matrix composed of pectln Wthh
‘“fastens the cutlcle to the epldermal cell wall B
R cm:mczu. consggrmms oF WAXES < . o .
The liplds asSociated w1th eplcutlcular wax' |
‘Vicomprise a complex mixture of long chaln and cycllc |

: compounds.‘Hydrocarbons are among thq most common and

§yfabundant components of epicuticular lrplds._n-alkane

‘?”(straight chaln) hydrocarbons constltute the prrnc1pal

:;ghydrocarbon.fraction, ranglngAun 1ength from 021 to C37
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1nternally branched alkanes ‘are rare as are unsaturated

(alkene) hydrocarbons (‘I‘ulloch 1976) . T

. z; @, ,' WV‘ Oxygenated derlvatlves of, alkanes comprlse a ', Lo
'wl,\ \c . . | .

uﬂ* second im rtant group of cutlcular lipxds These include o
g @ ¢ " e <
'}7 wax. ‘estﬁ free fa'tty ac1ds, alcohols, ketones and ‘,f . \

B aldehydss{ Wax esters are a common COnstltuent in most

plants They usually con31st of free fatty ac1ds w1th a}

' carbon chain of C20 to C24 esterlfled to alcohols hav1ng an

£l
~ '

even number of carbon atoms in the range of C12 to C32

(Kolgftukudy.1975) Free fatty ac1ds and free alcohols also
. v\) )" . )

occur but are rarely major components The alc%hols are

usually stralght chaln, even numbered compounds 31m11ar in

"

‘length tQ the eSterlfled alcohols whereas the fatty ac1ds

SN

may be saturated,‘unsaturated and even branched and often

.have chaln lengths that exceed those of eSterifled fatty

'»’f ac1ds. A varlety of ketones and aldehydes appear tb be
present -as major components (Hadley,1981) E ffth |
. . “'v.

‘2 Cyclic compodnds represent a thlrd category and

1nclude trlterpenes,xflavonea, steroﬁs and aromatlc‘

‘"ev1dent that the form and spat1a1 dlstrlbutlon of

crystalllne deposgts are determxned prlncipably hi the

fcomposltlon of'the wax exudates; From observation on the;[

‘eaf“ nd”leaf sheath yaxes of cereals, Lundquist et al:fﬁ"“

”(1968) P posed that prrmary.alcohols crystallise as*plates‘fpfﬁ



.

: resembled that found on the 1ntact plants Although aldehydes

: proposed that ketones are determinants of the 'loofah llke

and B—deketones as‘thin tubes. von Wettsteln Knowles (1974)

v

tubes found on leaves of Brasszca spp Eplcutlcular waxes

'which produce short stubby tubes always contaln substantlal

| amounts of nonacosane 10 -ol (Jeffree et ‘al, 1976) These

workers further demonstrated that follow1ng fractlonatlon,

cen
\ ' !

‘nonacosane 10- ol recrystalllsed in a’ form whlch closely

l

” rarely occur as a major wax component,‘thelr presence 1n

3
.
epicutlcular wax mlxtures correlates closely w;th productlon

'of rod structures (Baker,1982) _ ' i‘v~

‘I‘ . "‘ A

ol I b K TRANSPORT -OF WAXES

\
. w\,‘,'[ O \
o \

B y

e Although con51derable progress has been made 1n'

determinlng of factors controlllng form and comp031t10n of

[

epicuticular deposits, lxttle formation is avallable to |

indicate the routes and mechan1 ms by whlch wax constltuents

' \ . .

Jl
or thelr precursors are transported The. phy31cal and

1

o chemlcal properties of cutrcular llplds suggest that they

ENE

‘ﬂare'formed very near the cutlcle The epldermal cells of

’l;these plants contaln all the enzymes necessary to synthe31ze -Aiﬁ

3 “f‘

""fatty acids and convert them to cutln For the wax to reach

ff'the surface, 1t has to pass through a mlxed layer of cutln

~

(1962) produced evidence"for the exzstence offcutlcular‘fiﬁ},j;rf%
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- \ ' \

‘ pores and clalmed that the stnuctural f&%m of the. S

epicutlcular deposits was determlned by the nUmber ﬂpores -
associated wlth,lndrvzdual wax particles. However, det iled

'

lnxestlgatlons by other workers haze failed to conflrm,the":

‘ . ;- » S .
wmence of pores or mlcrochannels Qn certaln plant cuticles

lpat any stage of development (Mueller et al, 1954, Junlper,

‘1960 Crisp,l966 Lelgh and Matthews 1963 Jarvls and

[ : Lo 2
. o - \A,.«\-._‘NL

Wardrop,l974),

Mueller et al (1954) put forward the llqu1d bt n;

extr031on theory whlch favoured ‘the view that. wax is ¢ ,
[N "‘\.

hT extracted under pressure thrdﬁgh théreutlcle 1n the form of

‘l" - ‘f«(x
a paste A dlsadvantage of thls theory is- that 31nce ‘wax'

constltuents have relatlvely high melting po1nts, they would

have to be retalned ln a super-cooled state prlor to

.

.-t

extru51on (Baker l982)a"lﬂ_} L : " L N

An alternat1Ve mechanlsm, the polymerlzatlon

‘i" RN

theory, proposed by Hallem (1970) envisaged the llberatlo

A

:of wax precursors from Golgl body VESlClGS followed by

u‘_«','-‘\' N ;,A R Coa

f dlffu31on through the cutlcular lamellae and polymerlzation

e,

. 1nto characterlstlc wax formatlons However, w1th the
n‘ P N '

exceptlon of aldehydes and estolldes 'polymerlc constltuents
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"\ + support for the involvenment \of a vofﬁtile solvent substance
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1and suggessed that the prevailinq environmentai‘conditions

e
<controlled evaporation rates and thereby determined the

) plﬁimate form of the crystalline deposit. Direct evidence in

“,favor of a crystalline mechanism was obtaAde f pom .

[

experlments with a model system (Jeffree et al,1975) which
.\\ N

showed that extracted wax could crystallize into wax

crystals with shapes and dimensions similar to those on the
. P

intact plant surface. Théy also showed thay when wax was

ﬁractionated‘}nto its different components, and the fraction
.}

recr}stallized sequentially, the resulting crystals more
A

7 closely resembled those on the intact leaf surface than when

the whole wax was recrystalllzed.

‘Thus, it may be that after wax synthgsis, the
epidermal cells and cuticle play no further rqle in the
development of‘the ultrastructure of plant surface waxes.
The fact that extracted wax can be recrystajgized in a form
identical to that on a plant surface is evidence against any
chemical modification of the wax at the plant surface after
excretion. The crystallization theory assumes that the
epidermal .cells contain enough volatile solvents to carry,
the wax to the surface, but it is not known if thistis the
case. The .carrier solvents wosld Have to be organic solvents
because the wax is insoluble in an aqueous solution. Some
possible solvents that have been suggested are short-chain

i

aldegydés, ketones, alcohols and l-hexane (Tulloch,1976).

FUNCTION OF LEAF SURFACE WAXES
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Leaf epicuticular waxes occur as an inert jayer
between the plaﬂts and the environment: This layer
effectively reduces water Loss due to tfansgi;ation v
(Grncarevic and Radler,1967; Denna,1970), contributes to the
‘control of gaseous exchanée (Jeffree et al, 1971), prevents
loss of essential nutrienc§‘and organic solvents due to
leaching (Tukey,1971) and influences th rétention and
rediséribut}on of foliar applied chemicals (Holloway, 1970) .
It also provides a microhabitat for a variety of parasitic

and saprophytic organisms (Pady,1971) and acts as a barrier -~

to fungal pathogens (Martin and Juniper,1970).
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. ;Wﬁ MATERIALS AND METHODS
&N '
PLART MATERIAL
Potato plants (variety : N?rland) were grown in
Al ‘

the fielq under normal agronomic con&itions without the:

application bf pesticides, Other plants viz,, Nicotiana

tabacum, Solapum elaeagnifolium, Lycopersicon esculentum, -~

T
. N :35
Datura stromonium and .Solanum nigrum were grown in 10 inch
pots in the greenhouse. Leaves were collected from 10 week
|

old plants, put in polythene bags rand,brought to the

.laboratory for extraction of leaf' surface waxes.

I
f

t

! : ‘
SCANNING ELECTRON MICROSCOPY
|

Fresh leaves, and those|from which wax had been
removed by dipping in solv;St, weri fixed in osmium vapour
by placing leaves overnight My petri dishes cdhtaining 1%
‘osmifim tetroxide in phosphate buffler (pH 7.0). The leaves
wer afr dried for 3 days, sp;tter §oéféd with gold in a
Nano-Semprep 2 and obsgrved under a Cambridge SEM 250

~ Sscanning electrdn microscope operating at 20Kv.

EXTRACTION OF WAX
Leaf surface waxes were extracted by dipping

leaves in chloroform for 10 sgcdnds. Care was taken so that

——— '

damaged leaves or any cut portion was not immersed in

chloroform. Anhydrous MgSO4 was added to dry the crude

extract which wa@s then filtered. The extract was evaporated

in‘a-flash point evaporator (Buchi, ﬁétavapor R} and the

4
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crude wax collected and weighed.

\ FRACTIONAmION ; I

Detailed ‘analyses were carrxed out only wit€
potato leaf surface waxes. The procedure for separatlng“wax
into its constituents was done following the method
described by Kollatukudy (1970). The crnde wax (1.3745 g)
was, redissolved in a smill volume of chlorotorm. A eilica
gel column <2§4b cm) was made‘uglné silicic acid (Biosil
A,100~-200 mesn) dissolved in heptane. The_redissolved wax
was loaded on top of the colnmn. The following solvents were

4

then passed through the column : ' .

* n-hexane (redistilled) 200 mk

G Bgnzene- . - 400 ml '
Chloroform | 480 ml
Methanol ' , o520 ml,

Twenty—ﬁlve ml allquots were collected usxng a
fraction collector and concentrated to about 2 3 ml. TLC was
done using glass mlcrosdoﬁé slides. Benzene was used as the
developing solventnand spots were obtained after heating
slides sp;g}ed with 50% sulphurlc acid. Aliquots with ‘the
same Rf yalue were pooled together.~Sem1preparative TLC was
done'using.silica gel.coated plates (containing an indicator
S0 that spots could be. visualized under UV'light) Bands
were eluted by scraping off the s;llgﬁ gel dissolving them
| in chloroform, fllterlng and. then spottlng them on TLC :

plates. Using solvent systems llke benzene chloroform <9 3).
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and chloroform hexane " (9: 1), TLC was done till a sxngle spot

} ‘

< was obtalned.‘Such samples were then analysed by FT-IR, GLC

r
Y

and MS. .

FOURIER TRANSFORMATION INFRA—RED SPECTROSCOPY (Fﬁ' IR)

FT IR spectra were obtained with a Nlcoleh\MXAl

. A ‘ AN

spectrophotometer‘u51ng a KClrcell. o AR

i

'

GAS-IIQUID CHROMATOGRAPHY : : . i
.o . \ :
t i

The crude wax extracts from potato leaves and

1
\ !

those from S. elaegnlfollum, S. nlgrum, N. tabacum,, ‘ g‘i"

i ‘,.

D.stromonium and L. esculentum were redlssolved in chloroform

“

and analysed by gas- llquld chromatography (GLC) The
individual components of leaf surface waxes of 'potato, as -
obtalned throughrseml—preparatlve'TLC were-alSo analysed by
GLC follow1ng the method descrxbed by Flore and Bukovac‘
(1978) and Tulloch (1983) One ul (10 ug/ml)’of each sample
was chromatographed u31ng a Hewlett Packard Model 5830H gas

chromatograph Flow rate of the helium carrier gas was 50

ml/min. The column used was 3mm x 1. 2m stalnless steel

contalnlng 1% Dexil 300 ?he oven temperature was programmed

to 1ncrease from 1200C to 33@0C at a rate of 30 OC/mln. The

1njectlon port and the hydrogen flame 1onlzatlon detector‘
temperatures were 3250C and 3300C, respectlvely Chain.
lengths of. n—alkanes were, determlned by comparisions of peak
retention times. with reteéntion times of known,hydrocarbon

analytical standards‘(Analabs—New‘England Ndolear, Puiychem

-

-

¢



‘ Corp) Identiflcation of other compounds were made
specifically by analyses of MS data a$ has been done to s
elucidate the structure of a number of wax components by a

number of workers (Kollatukudy,1970 and Sto;nova Ivanova and
MA

Mladeva,l971) and by comparlng the GLC' data by Bukovac et .

)

al,1979; Flore and Bukovac, 1978 and Knowles and Flore, 1983,
) . ,
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. Rxsui.-rs AND DISCUSSION -

Leaf surfaces of potato are covered by a thlck,

[

contlnuous layer of amorphous wax support;ng ribbons of

~
3 . N

*crystalllne wax (Flg 4. 2) Rlbbons are the most common. form

“of crystalllne wax hav1ng been reported from a number of

n

plants 1nclud1ng Fragarla and Rosa sp., (Baker 1982) A ten
" second extractlon of the leaves ln chloroform was suff1c1ent
to remove eplcutlcular waxes (Fig. 4.3). Longer duratlons

resulted in. extractlon of more than just the eplcutlcular
: :
waxes asflndlcated by a greenlsh tlnge in the extract

f Wax yields from the 31x solanaceous plant species.
!
'show sparse wax dep031ts.(Table 4.1) Amounts of
| Ju
'eplcutlcular wax extracted varied from 2.1 pg cm™ =2 4in
I .

S.nlgrum to 10.6 Mg cm"2 in S.elaegnifolium. Leaves of many
herbaceous plants such as Lactuca satlva, Splnacea oleracea
‘and Beta Vulgarls have a thin wax layer w1th only 5—10 ug
cm—2 (Baker 1982) 1n contrast to leaves of" Alllum porrum,
.A cepa and Bra351ca sp. wthh have a heav1er dep051t of 30- ’
60 pg cm‘2 (Baker, 1982) Thlcker dep051ts ranglng from 60- -
300 pg cm~2. have been reported from leaves of Ceratonia
3111qua, P%stac1a lentlscus and Olea: europaea grown under

arid_conditions (Baker and Procoplou 1980) ' /

o, / '

The composxtlon of eplcutlcular waxes from potato
and those of other solanaceous species were analysed by TLC
and compared w1th_those of cabbage (Table 4 2). The waxes'
were separated 1ntg elght bands representing 8 dlfferent

- classes of constltuents whlch were 1dentified with the help
’ e
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of FT IR spectra and from comparlson of data presented by
‘A

Bukovac et ‘al, 1979, Flore and Bukovac 1978; and Knowles and
"Flore 1983. 1In order of elutlon on TLC plates, the classes }

of constltuents 1ncluded n- alkanes, wax esters; ketones,

1

'aldehydes, s-alcohols, ketols, p—alcohols and acids. There
were no marked dlfferences in the presence of major classes

of compoun%g ex0ept for the absence of - ketols 1n the
A

solanaceous spec1es‘1nvest1gated The percent. composition of

the major classes of compounds in S. tuberosum is listed in
N

Table 4 3. -alkanes form the: prlnc1pal component with aboutp
39% of total wax. Wax esters, aldehydes and s~alcohols form

the other major components | ~N

- Comparision of GLC\profiles of .leaf surface waxes
o & L , S
from plants used in ‘this study were made with data

.

presented by Bukovac. et al, 1979¢ Flore and Bukovac 1978 and o

Knowles and’ Flore 1983 There jare major dlfferences in the

O
-amounts of the Oarlous components: (Figs. 4.4,4.5). While all

the plants examlned had prominent alkane peaks (9,11, 12 14)!
there is considerable varlation amongst the other
components Peaks 1 through 8 1nclude the aldehydes, p-

alcohbls, ketones and s-alcohols S elaeagnlfollum is
bs . '.d.
characterlstlc in having a hlgher proportlon of these

compounds as compared to the other plants It alSOoappears“

d very lik?ﬁy ehat S. elaeagnlfbllum has promlnent lower chain
“ﬁ n-alkanes llke Cj3, C25 since the C31 peak (14) is

¥
c—— .

fappreciably smaller in area as. compared to S tuberosum and j“

“ L. esculentum Peak 12 1n S. tuberosum 1s prlmarlly due to 029

]
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" n~alkane and also due to,Cpg aldehyde:;Esters are often a

v

common constituent of the leaf surface and they appear to be

present "in all of the plants lnvestlgated (15, 16 17, 18)

‘ HYDROCARBONS .
Q.
The hydrocarbon fractlon consxsted of n-alkanes

It
I

ranging from nCy5-nC33 Wlth only odd carbon numbered

homologues FT-IR spectra of thlS fractron showed absorbance
at 1460 em~l, 1470 cm‘T ang;gg42920—2841 cm"1 lndfcatlng the

presence of hydrocarbons No brahched chaln alkanes were

detected GLC analyses revealed the presence of nC25 nC33

-

stralght chain alkanes when compared Wlth the retentlon

timés. of n- alkane standards (Flg 4.6), n- C31 was the

predomlnant dompound with C25, €24, C29 and C33 formlng the

-other major components MS ‘data’ conflrmed the presence of

C25-C33 n- alkanes with peaks correspondlng to n-Cpg (M* m/z

352), nzCz7.(M*: m/z 380), n-Cpq (M* m/z 408), n- c31(M+ m/z'

f
436) and n- C33(y m/z 464) A major component of surface

waxes of potato 1s n—alkanes (39%). of whlch C31 is,

‘predomlnant. n—alkanes are often the major component of
?

leaf surface waxes.,In Solandra grandlflora, they account'
for 92% of the total wax’ w1th the highest molecular

concentratlon per unlt area (Herblns and. Roblns 1968)

the n-alkanes, C31 is the most common reported so far, being

almost the only one ‘in candelllla (Tulloch 1976) and peas

(Kolattukudy, 1970). In tobacco, it is. the predominant n-

‘alkane along w1th odd chaln ise (2-methyl) and even chain

h,antezso (3-methyl) compounds (Carruthers and Johnstone, ’

s
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;- - PRIMARY ALCOHOLS |
The primery 5lcchol fraction cohsisted entirely.of

even chain lEngth homo&ogues (C18—C34) FT~ IR spectra of :

this fractlon indlcate absorbance at 1260 1000cm 1 and at? s
1420 l330cm 1. Mass 'spectra cf thrs fracthon gave diagndsticu
ions (M* -18) correspondlng to Clg(m/z 252), Cz¢ (m/z 280),
C22 (m/z 308), C24 (m/z 336), C26 (m/z 364), C28 (m/z

~ 392) C3z0 (m/z 420), C32 (m/z 448) and C34 (m/z 470) .

~‘,me ESTERS'
FT IR spectra of the unhydrolysed fractlon showed
absorbance at 1735 cm~1l. Fragments corresponding to n-Cqp

(M*\m/z 538)'and n—C44 (M+ m/z 566) wax esters could be
\

1dent1f1ed Peaks corresponding with R- OH fragments were

observed at n- C22 (Mt m/z 326), n- 024 (M m/z 354), n- C26 .

(M+ m/z 382) while those for RCOOH2 were obtal % for n-Cyg

(M* m/z 285), —020 (M+ m/z 313).
*  KETONES
| The ketone fraction separated by semlpreparatlve f

TLC gave an FT-IR spectrum with absorbance at 1718 cm-l.

“Fragments corréspondlng to n-C25 (M+ 15 m/z 351) and n-

‘C23(M+ 15 m/z 323) were obtalned

J— X L . N v, . P

SECONDARY ALCOHOLS

FTwIR spectra showed absorptlon at 1195 cem~1
t"conf.u':ma.ng the preSence of s—alcohols MS 1dent1f1catlon

‘revealed fragments of n—cz3 (M+—18 m/z 322) and- n—C25 (Mt -

""18 m/z 350) .' S
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31ze a

‘31gn1ficantly modlfled by pr v

LY . / )

mnmnms' B : o

Absorbance at 1724 cm 1 of/the aldehyde fractlon
conflrmed the presence ofvaldehydes ’Peaks correSponding
with n-C22_(M+'-28 m/z 324), n-Cj 4 (M+ -28 m/z" 352),‘n C26

(M+ 28 m/z 380) and n-Cyg (M*-28 m/z 408) were 1dent1f1ed in’

/
/

R i) . vl

the MS data. I /(, S o
* ACIDS . /)

Ct

The acid fractlon consisted of even chaln length

homologues ﬂﬁnglng from C18~C34 FT IR spectra revealed

]

absorbance at 1760 cm™ 1/ Fragments corrsponding to M*—COOH

were identified for n~ C£$ (m/z 239), n-Cyq (m/z 267),,n sz.
(m/z 295), n-Cpy (m/z 323), n- C26 (m/z 351), n=Cpg™ (m/z
379),ln C3p" (m/z 407), n- C32(m/z 435), n- C34(m/z 463) and n-
Cs36 (m/z 491) . //

~ 1In the present study, it appears that leaf surface |

waxes of potato con31st of ‘a mlxture of* compounds commonly

"seen in’ waxes of other plant spec1es Although wax

1s under genetlc control (Blanchl and Marchesi,

«

1960; iyé;qv1st & von Wettsteln 1968), the conflguratlon,

d dlstrlbutlon of ‘tke crystalllne waxes can be

iding env1ronmental-
con 1ti0ns. In addltlon, wax morphology 13 closely‘
aésoc1ated w1th chemlcal comp051tlon

/

Current concepts suggest that wax components are

blosynthetlcally related Kolattukudy (1966) suggested an .

‘ elongat1on—decarboxylatlon hypothesls for the blosynthesis :f

\

- of hydrocarbons in plants. Accordlng to- thls hypothe31s, the

.
¢
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| to resemble the’ alcohols; In leaf surface waxes of potato,

92
- .

usual end product of fatty acid syﬁghetase, palmltlc acid

(C16) is the.substrate for an elongatlon decarboxylatxon

system to which acetate . (Cp) un1ts are added untll the cﬁaln‘;

length reaches C30 or C32 Decarboxylat;on of this acid

A

' }\results in formatlon of the major alkane This is then

further oxldised to form the major secondary alcohols and

In Brassica oleracea,_the principal n-alkané is C31

‘correSponding ketones and s—alcohpls are also found

'\kKolattukudy,1966). However, in peas, ‘with C31 as the major

\/ \ ! ‘ '
alkane, o;}y the correspondlng alcqhol ls seen (Kolattukudy,,

1970). It (has been shown however, thatvwhere there are

mixtures of alkanes, the correspondlng mlxtures of st

Ialcohols are also present (Wollrab 1969)

"

" In the present 1nvest1gat10n on: leaf surface waxes‘

of potato, the s—alcohol and ketones were observed to have

1dentical chain lengths of C23 and C25 The n—alkanes ranged

from C23 ‘to C33 in chaln length In addltlon, 51nce the

A

aldehydes are 1ntermed1ates in the conver31on of a01ds to -

alcohols (Kplattukudy,1970), the aldehydes would be expected

and are of suff1c1ent length to have been derlved by the

.reductlon of fatty acads v1a the fatty ac1d elongatlon

~pathway The p-alcohol chaln length 1s 31m11ar to that of

o,

v'the alcohol moelty 1n wax esters thereby suggestlng a common{‘

o ‘

origin 1n whlch they partic1pate in the sterlf‘catlon

process Variatlon in the fatty ‘acid moelty of t"e ester

4

Lo
o

,the aldehydes (C22-C28) and p—alcohols (C18—C34) are 31m11ar‘['
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1nd1cates an orxgln from dlfferenc sources - probably enzyme‘
: medlated as has been suggested in a number of plants (éf.

Kolattukudy and Walton 1972) R



Table 4.1 : Amounts of leaf epicuticular waxes from slx
solava@eous species,

Séecies . Amount

\ h (Hg cm~2)’

M © S.tuberosum : ‘ 5.4 -
S.eIaegAifbl;um 10.6
L.esculentum . L 7.3
S.nigrum “ ) A 2,1
N: tabacum o : . c 8.5

D.stromonium C - 3.9
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Table 4.3

N

+ Percent composition of major classes of
compounds from leaf surface waxes of
S.tuberosum :

n—-alkanes
Ketones
Esters
s—-alcohols
Aldehydes
p-alcohols

Acids

Component Class

\\

Per

38,

19,

14

10,

cent

96

.91 .

63

.24

.55

.15

96



Fig. 4.1 : Diagramatic reépresentation of the leaf cuticle,
EW, epicuticular wax; LR, lamellate region; O, outer
layer; I, Inner layer; CW, cell wall.
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Fig. 4.2 : SEM micrograph of the leaf cuticle showing
distribution of crystalline wax” 1n the form of ribbons
(Scale=10um) . ' ] :

Fig. 4.3 : SEM micrograph of the leaf surface of potato
after treating with chloroform for 10 seconds-
(Scale=40um) . o

Al
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Fig. 4.4 : GLC profile of epicuticular. waxes isolated from
leaves of a),S.tuberosum;b) L.esculentum and ¢)
S.elaeagnifolium. 1-8: p-alcohols, aldehydes, ketones
and s-alcohols;9,11,12,14: alkanes; 15-18 : esters

4
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Fig. 4.5 GLC profile of epicuticular waxes isolated from
leaves of a) S.nigrum b) N:tabacum and D.stromonium. 1-
8 : p-alcohols; aldehydes, ketones and s-alcohols;
- 9,11,12,14: alkanes; 15—18;esters. '
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Fig. 4.6 : GLC profile of the n-alkane fraction fx:_‘om' leaf
surface waxes of S.tuberosum.
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~ V. Influence of leaf surface waxes on the feeding

behavior of Celorado potato beetle, Leptinotarsa

decemlineata (Say)
q ‘;ﬁrnobucrxon‘

While exténsive studies have been carried out on
insect~host plant relationshipe, there have been few .
attenmpts to study in deteil the importance of leaf surface
waxes to host selection behavior of insects; It has been |
shown in locusts and gressheppers thatvleaf_surfaeevwaxes
influence host plant selection‘and that sensilla on the
maxillary palpi ‘perceive the stimulus. Bernays et al (1976)
provided evidence that‘leaf surface waxes of Poa annua
promote biting activ%ty in nymphs of Locusta gregaria:
Adults of the same species‘could also differentiate between
waxes of Poa ahnua and Bellis pereﬁnis (Blaney and
Chapman, 1970) . Certaln plants are rejected by the
graeshoppers, Chorth;ppus éarallelus and Chort01cetes
Cerminifera, following contact with the leaf surface by
terminal'sensgl}a onjthe maxillary,palpi (Bernays and
Chapman,1970;1973)."1n Locusta migratoria, resisténce to
_seehling sorghﬁm is parﬁly"due to presence of an antifeedant
p-hydroxybenz;ldehyde in leaf surface waxes (Woodpead,le?).
A ;l The ability to«éerceive and reséénd to leaf |
‘4sur%ace~waxes hé; also been recorded in Acyrthosiphon pisum‘
(Klingauf et al,1971); Manduca sexta (De Boer, 1985),
Chorlstoneura fumzferana (Maloney,1985) and Psila rosae

~ . o]
(Stédlerland Bﬁser,1984). Sugh waxes also inf;uence’the
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;earching behavior of a p;edaceous beetle; Adalia
bipunctafa, where movement is restricted éo leaf edges or
protruding‘veins (Shaﬁ,l982).'

' There is conclusive evidence'suggestiﬁg that
. antennae function over distance in limited host‘plant
selection by the adult Colo:édé potato beetles (de
Wilde, 1958;1976; Visser,1979). It is believed that palpaﬁion
observed ‘in adult beetles is probasly a mechanism by"Which
adult beetles recognize hos% plants by.édentifying species-
specific leaf surface chemicals; The main objective of'this

chapter was to test this hypothesis and to study the role of

palpi in host plant selection over short distancés. 
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‘ MATERIALS AND METBODS

' , Plants used 1n these experlments were grown ln the

N ]

greenhouse W1th day length malntalned at a minimum of' 16
hours using fluorescent flxtures or Sonllne hlgh intensxty

sodlum lamps as supplemental llghtlng S. tuberosum was grownk

)

from tubers whlle L esculentum, S. nlgrum, S. elaeagnlfollum,"
D, stromonlum and N. Cabacum were all grown from seeds To
minimize effects due to’ 1nterplant varlablllty, 'leaves from .

at least five plants of each species were -used] in bebavioral

o

studies. All leaves were tahsn from'healthy plants and only

leaves from the second or third node below the tip of a stem

r 5 -

were used.

)

-Insects used in this experiment were obtained from

a culture maintained in this laboratory at 16L:8D, 250C130C

i

under a comblnatlon of fluorescent and incandescent llght

Insects were reared on potato leaves

\

‘ L.
-Behav1oral studies were conducted with freshly

emerged (naive) beetles, 1e, with no feedlng experlence and -

,1n thelr flrst day after emergence Older beetles had
feedlng experlence. Leaf dlSCS were cut with a cork ‘borer.

Bloassays w1th leaf surface waxes and thelr fractlgns were

[

_done uslng mlllipore fllter dlSCS These were 1mmersed‘1n

f

. extract, allowed to dry and then were exposed to the beetles

for testlng Waxlng of;palpl was done‘by deposltlng a very

flne layer of beeswax on the tlp of each palp using a

n

‘heatlng element Care was taken to apply as thin a layer as

- /

;'p0381b1e 31nce the mass of large amounts restrlcted

/ L
’ . '

- ) . W

. .. |
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- movement. Such beetles were allowed t& adjust to thls%
conditiOn for‘two'hoﬁrs inﬁpetri dishes linLd with‘noist
filter'paper. After completion of the experiment,“each
"

beetle was observed under a blnocular mlcroscope to conflrm

the presence of wax. on the palpal tlp
BEHAVIOR PROTOCOLS | . '
Once‘in physl@al&contact‘uith.the;leaf t'he a!ilt‘
Nbeetle f0110ws a stereotyped and ordered pattern of
Jsampllng, feedlng, groomlng and rest The 1n1t1al stages.of
sampling and feeding are dlscussed in thls chapter- when a
.beetle arrives on the leaf surface, its maxlllary palpi
palpate' (repetltlve contacts by the . maxlllary palpl on the
leaf'surface) and its antennae wave Durlng thls perlod lthe
labial palp1 are in contlnuous contact with the leaf and the
mandlbles squeeze the leaf often before”finally taking a
small'bite ¢Harrison, 1985).\A small bitevdiffers from the
several Squeezes the mandlbles make 1n that a small portlon
of the leaf is 1ngested into the oral cav1ty Thls 1s
followed by a feedlng bout whlch can last several minutes
and eventually a perlod of rest In all behav1oral studles
~dlscussed in thls chapter, the tlme (1n seconds) taken by N
~the beetle to take the flrst brte follow1ng 1ts 1n1t1al |
contact is the unlt of measure unless otherw1se 1ndlcated

.

Statlstlcal analy31s was done usxng the Scheffe s F- test
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RESﬁLTS
S In’prellmlnary studles of older beetles feedlng on
'potato leaves in, petr1 dlshes, tlme taken for the flrst,
bite in females (Mean=8.02vsec, SE=0. 545, n=10) and males'
(Mean¥12r42 ‘SE=2.398 n= 10) did- not dlffer sxgnlfxcantly
(F¥3.48; df=1,18; P>O 001) Under sxmllar‘condxteons, no
sigificant dlffere:ces were observed between males and '
1females of naive. beetles (Females Mean 20 58 sec; SP=5:02,
‘n=10, Males: Mean=18.96 sec, SE=4.39, n= =10; F=0.06, df=1, 18,
‘P>O.OI)2-Therefore, because supplles of new adults were'
llmited, both Sexés were used 1n behavxor tests
: %Fetlesiwlth‘their paIpilwaxed took significantly
.longer to take in the flrst blte as compared to nalve and
:,older beetles (F 18 04 df=2 57, P<0.001) (Table 5. 1) There
was thus an 1ncrease 1n sampllng behav1or in such beetles
Palpatlon was - more frequent and feedlng was observed at
numerous 51tes compared to those of nalve and older beetles.
There were no 31gn1f1cant dlfferences between nalve'
(Mean~19 71, SE 3 25) and older beetles (Mean=lo 2,SE= 1 29)
(F 2.152, d£=2,57, p>o 05) (Table 5. 1). o
. To study the order of preference of beetles
between three host plant spec1es and three non host plant‘
pspec1es, all belonglng to the Solanaceae, the tlme taken for‘
'flrst b1te and for flrst meal were recorded Termlnatlon of
‘=f1rst meal was deflned as a cessatlon of feedlng for more

than 30 seconds and thh the beetle elther groomlng, restlng

.Lor off the leaf dlsc.
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Table 5. 2 llStS tﬁe plant species ranked in order

of. least to greatest amount of time taken for flrst bite. On

+

non‘preferred host plants like N.tabacum and L.esculentum,‘

the stereotyped behauloral pattern was not‘observed-with an’,
increasetin‘sampllng behavlor; Instead; the mandibles wereh
used to squeeée the‘leaf at‘numerous sites before‘a blte»was
a ; R ‘ ‘
taken. On preferred plants, the beetles went through the

entire sequence of sampling and usually took the first bite

" at the site where‘the;mandibles first squeezed the leaf

\

tissue. Time' taken by beetles’ for the first bite od ..
. N tabacum was 31gn1f1cantly hlgher than on any of the other-

plant species, but the remalnlng times did not differ

=~

51gnlf1cantly.

<« Data-on time taken for' first meal presented an:

1nterest1ng pattern (Table 5.3). On average, longer feeding
-4

was observed on. thé three host plants, v1z.,S tuberosum,
,pS elaeagnlfollum and. L. esculentum leferences were

. 31gn1f1cant between S tuberosum and the other spec1es as
well as between S elaeagn1fb11um and S. nlgrum. On non host-
plants, there were longer gustatory sampllng perlods,le,

several bﬂtes belng taken by a beetle before“lt,eventually

s

settled on a feedlng bout

St r .

Crude leaf surface waxes, extracted as descrlbed

an Chapter IV, were exposed to beetles on mllllpore fllter-

v

‘dlscs at 5: times the qpncentratlon present in 1nd1v1dual

kleaves and along with O 025M sucrose. The tlme for the flrst

blteowas agaln observed (Table 5 4) All‘beetles were:
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‘observed lndlvldually for a maxlmum period of 25 minutes.
Tlme taken for first bxte was significantly longer on the
control disc contalnlng only -0.025M sucrose than for the
test disks conta;nlng crude waxes from any of the plant
species tested_(P 41, 57 df=6,133, P<0 OOl) " Table 5.4 lists

the species ranked from least to greatest amount of tlme
"

taken for first b1te on crude waxed dlSCS Interestlngly,

the order of preference for the six spec1es was very simllar

/

to that obtalned when beetles were offered ‘leaf discs from
' the plants. Beetles exposed to treated millipore filter
discs were observed to make numerous bltes wlth thelr

mandlbles Movements of antennae. were more rapld than on,

3

plants as wasvpalpation by the,maxillary palpi,

—

Fractions from potato leaf surface waxes were

y

exposed to beetles to identify components which are

‘stlmulatory (Table 5.5). The;hexane fraction‘appeared

)

——

1nact1ve and hence was not considered any'further Table 5.5
lists the times taken for the flrst blte on dlfferent
fractlons of potato ' On average, duratlons were much hlgher
than when ‘potato crude waxes’ were offered (Table 5. 4) The
benzene and chloroform extract dlffered 51gn1f1cantly o

(F 5. 63, df 2, 57, P<0 01)

At
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DISCUSSION L

q ' The prlmary objectlve of thls behavioral study was
‘to investlgate mechanxsms of host plant dlscrlmlnatlon
lnvolving short dlstances by L.decemllneata adults Using
behav1oral analyses, the role of maxlllary and labdial palp1
vwere 1nvestlgated ln thls regard and the beetles-reSponse to
leaf surface waxes was lnvestlgated in partlcular

In some cases, ‘hunger may be a bltlng stlmulant in
ltself leadlng to erroneous results. Blaney and Chapman’
(1970) observed that after prolonged starvatlon, bltlng
becomes 1nd1scr1m1nate. The results obtalned show that a)

-

naive beetles do not 1nterfere with- preference tests; b) use

8.

‘of both males and females’ do not bias results, and that
dlscs wlth c)leaf surface waxes enhanced fredlng compared to’

"control dlSCS '.‘

Behav1oral studies indlcate that the beetles are
“‘oapable of graded sensory based dlscrlmlnatlon of plants
~v'over a range of plant species normally encountered 1n
‘ nature. Based on the data on tlme taken for first bite and

first meal,'an lnteresting pattern of relatlonshlp exlsts

‘between tlme spent in sampllng behav1or and duratron of

;flrst meal On non-preferred plants, an 1ncrease in sampllng
vbehavior suggests the actloﬁ)of a complex 9f stlmull“

nvolved in plant dlscrlmlnatlon.‘It has been shown that

v

“Jadult L decemllneata are capable of flne olfactory

',dgscrlmination of plants.‘Vlsser and Avé (1978) have shown L

ﬂ that long range orlentatlon to a- host 1s dependent on .
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partlcular ‘ratios of- green leaf volatlles whlch are coded by

olfactory receptors on- the antennae In general, lnput from

A

mouthpart sensxlla in phytophagous lnsects typically

‘converge with antennal 1nput from the brain after only one

W

‘synapse 1n the sub~ esophageal gangllon _ i
| | Short duratlons of flrst meal on\non'preferred ’
‘plants also suggests the 1nvolvement of general leaf
Ehemlcals. Leaf sap exudates released by the flrst bite or
even by the squee21nd action of the mandibles allows plant )
chemlcals such as alkaloids to be’ encounteredfﬁ?’sensxlla on
“the galea and eplpharynx and also releases addltlonal

-volatlles ‘S. nlgrum is characterlstlc in contalnlng tropane

alkaloids Kogan (1976) suggeSted that L decemllneata adults,

-~
. g
A

= !
*55\

may be phys;ologlcally adapted to respond to ster01dal

1

‘alka101ds like tomatine but not to trogane alkaloids,

"thereby allowing expan31on of the spe01es host range to
'1nclude tomato but not species. llke Datura stromonlum or
S.nlgrum. N

| Behav1oral studles w1th crude waxiextracts and
- with dlfferent fractlons from potato leaf surface waxes
vlndlcate that waxes enhance feedlng Slgnlflcant dlfferences
_o flrst blte d1d not occur between crude wax extracts from
~the dlfferent solanaceous spec1es investlgated despite the1r .
"dlfferent chemlcal proflles (Chapter IV) The chemic\l//‘\\
.constltuents of wax are 31m11ar 1n all these spec1es

a

although the 1nd1v1dual amounts of thelr components vary An h

v

‘d"almost 31mllar ranklng of plants when offered elther leaf

' . - e
Yae = i



dlscs or crude waxes suggests that ‘once on the | .
leaf/substrate, sensory 1nformatlon necessary for taking, the

first bite is- obtained from the surface waxes. An analysls

of surface waxes (Chapter IV) shows that most of the

components are' volatlle and 51nce the maxlllary palpi rare

l‘prlmarlly olfactory in terms'of thelr sensory modallty, it

4
seems reasonable to assume that palpatlon causes turbulence

within the head‘space area. Volatiles from leaf surface

waxes are then percelved by the olfactory sensilla on the

palpl thereby cau51ng a behavloral responsé seen as the

. . .
' . . N

flrst b1te

Behav1oral studles w1th the dlfferent fractlons of

~‘potato leaf surface waxes lend further support to this 1dea

’

'fThe chloroform fraction, essentlally con31st1ng-of estersv-

'~and alcohols, stimulated the beetles more than ‘the benzene

.and methanoL fractlons.‘Blaney and Chapman (1970) mentloned

that 'biting is not a non- speciflc reactlon as is-’ commonly

lbelleved' These results lend support to the 1dea that waxes

j‘act as"bitlng stlmulants' and thereby 1nduce feedlng though

they probably do not malntaln feedlng as sucrose, for E

‘example, does. o

increased preference, b) decreased preference or c) mo

' A

0
-

Behav;oral response to changes 1n wax

concentratlon by 5 fold could be 1nterpreted elther as a)

%

. ’

concentration of the stlmulant, whlle b) mlght 1nd1cate'

1ncrea31ng concentratlon of a feedlng deterrent However,

roa
[

ta

-

,effect on preference. Loglcally,.a) must 1nd1cate 1ncrea31ng

i

4]



ttis is specuiation The 1nteractlons are much more
complmcated than lndlcated by thls simpl;stxc analogy Leaf
‘surface ygxes are present in very mxnute amounts and thexr
peroeptxon and especxally their dlscrlmlnatxon by adult‘
beetles 1nsp1te of mxxlng of StlmUll by wind turbulence,'
1mp11es a hlgh degree of sensory sophlstlcatlon. Certalnﬂ
‘compounds may have narrow optxmal concentration ranges
whereby a béhavioral protocol 1s trlggered In any case, the

above three categorles w1ll serve as a startlng p01nt for

further research
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Table 5;1 Average time taken by naive heetlés, older
9 beetles and naive beetles with their papi waxed
to take the first bite when offered potato
leaves. Means represented by the same letters
are not significantly different at P<0.01
(n=20) . .
Time (sec)
' Mean " S.E.
i : .
Naive 19.77+£3.25 (a) - !
Older

.Palpi waxed

110.22%1.29  (A) -
37.47£5.19 (B)

VY




Table 5.2 ': Average time taken by beetles to take the first.
i bite on different solanaceous species, Means
represented by the same letters are not
, - significantly different at P<0.01 (n=20)

~ []

PGAnt species - Time (sec)

. Mean %S.E.
S. tuberosum 6.97% 0.64 (A)
S.elaeagnifolium 7.70% 0.83 (A)
D.stromonium 8.30% 1.01 (A)
S.nigrum 8.45% 1.15 (A)
L.esculentum 10.12 £1.03 (A)
“"N.tabacum 17.2220.99 (B)
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Table 5.3 : Average time taken for the first meal by adult
L.decemlineata beetles when offered leaf .
discs of different. solanaceous plants. Means
represented by the same letters are not
significantly different at P<0.01 (n=20).

Plant species : Time (sec)

Mean %S.E.
S.tuberosum. ‘ 251.35%52 .46 (A)
S.elaeagnifolium . 132.30%19.78 (B)
L.esculentum 48.25%10.85 (B)
D.stromonium ' 35.55% 3.70 (B)
N.tabacum g : 32.15% 2.96 (B)
S.nigrum 14.90% 1.93 (C)

LIPS
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‘Table 5.4 : Average time taken by Ythe beetles to take the

flrst bite when offered crude leaf surface
waxes on millipore discs from different
Means represented by the

solaqaceous species

same \letters are not smgnlticantly dlfferent

at P<0.01 (n= 20)

(sec)

Plant species § Time
Mean %S.E.

S.tuberosum x 398.85t41.71 (A)
S.elaeagnifolium \ 434.55%47.09 (B)
D.stromonium - ‘ 593.90147.89 (B)
N.tabacum \ - 621.45%54.94 (B)
S.nigrum \ 664.15¢47.41 (B)
L.esculentum \ 706.50%£95.27 (C)
Control one 1465. 27 (D)

25195.
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Table 5.5 : Average time taken by the beetles for she first
bite when offered different fractions of potato
leaf surface waxes on millipore discs. Means
represented by the same lettlers are not
significantly different at P<0.01 (n=20)

Wax Fractions . Time (sec) "
- Mean 1S.E.
Chloroform - ‘ 411.90%51.91 (A)
Methanol ' 545.90174.71 (A)
Benzene 655.75156.18 (B)
Control 1465.251295.27 ()
Hexane - >1500
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- : VI. CONCLUDING DIscos‘sron
Behavioral elements whlch constitute . the complexm
‘feedlng process,of an 1nsect depend on the 1nsect receivxng
various sensory stimuli from the plant Specxfically, before
\nutrltlonal and other factors become operatlve, the _insect '
must flrst sense and dlscrlmlnate (Dethler 1970) ‘

Cu&rent hypotheses on mechanlsms underlylng host .
ch01ce by insects include dynamlc concepts 1nvolv1ng the
lntegratlon of patterned sensory input and the perception oft
total plant 'Gestalts" (Dethler 1970, 1982)‘ Most 1nsectsh_
lprobably choose plants on the basis of" complex patterns of
sensory information gathered across several modalities
‘incuding gnstation, olfaction, vision and mechanoreceptioni
d(Dethler, 1982; Mlller and’ Stlckler 1984) , Thls ablllty
endows them with the potentlal for perce1v1ng and respondlngh
to subtle varlatlonsyln_plant quallty

Orlentatlon of an 1nsect towards its host plant is
the flrst step in host- plant selectlon In L decemlzneata
‘adults, the antennae detect general green leaf volatlles<'
from potato follage whlch orlent the beetle towards its
host Alteratlon of the blend wmth unnatural concentratlons
. can’ destroy the orlentatlon (Vlsser and Thlery,1985)

R ‘ The preceedlng chapters clearly demonstrate the‘
_1mportance of max1llary and lablal palpl ine host-plant

¥

| selectlon by adult beetles. Presumably these sensory organs

)

'functlon over. dlstances from a few mm - to dlrectépontact

,Waxing the palp1 results ln blocklng sensory informatlon



.

resulting in longer tlmes to take the first bite (ie.

{extended sampling behavlor) Slnce the maxlllary palpi are
prlmarlly olfactory in functlon (Chapter II), 1t 1s A
‘”suggested that- they detect speclflc volatlles in the .head

]

space of host plants, thereby contrlbutlng to initiate the

N flrst blte Palpatlon observed in 'adult beetles before

taking a blte probably prov1des ventllatlon (analogous to
"snlfflng) Itgls not certaln if sen51lla are stimulated .
‘during the brlef contact or lf volatlle compounds constantly.
dlffuse 1nto the sen31llar pores producxng a contlnual
'stlmulatlon. It has been observed that palpatlon reduces the
‘rate of sensory adaptatlon in the mlgratory locust Locusta
mlgratorla (Bianey and Duckett 1975) ‘and in the 51lkworm,
Bombyx morz, that olfactory 1nputs from basiconic sen51lla
“on the maxlllary palp1 ‘either actlvates or 1nh1b1ts_l i
mandlbular b1t1ng act1v1ty by modlfylng a centrally
generated motofdprogram (leao et al 1976) .

o The lablal‘palpl and galeal sen31lla may help to

‘malntain feedlng The lablal palp1 are in contlnuous contact
”fﬁwith the leaf surface durlng feeding whlle the galea come

filnto 1nterm1ttent contact w1th the leaf sap once the beetle 23

ukhas taken CY bate “T'";f‘ 'I:g' v'f S Ilf ":h .;,f,y

Leaf surface waxes of potato have been shown "to,

<«

"be'stlmulatory to thlS 1nsect and it 1s suggested that

Ce

~fvolat11es, essentlally esters, prlmary and" secondary

. \alcohols act ag"bltlng stlmulants' Leaf surface wax-

)
\ A

gicomponents probably also act as feedlng ‘co~ factors 31nce ‘the ;1*
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lablal palpi are in contlnuous‘contact w1th the leaf durlng
‘feedlng The. present study suggests that L. decemllneaCa .
»,adults are capable of percelvlng its own blend (mlxtures) of
‘compounds whlch may typlfy each plant as ev1denced by
dlfferent feedlng rates on six solanaceous specles,although
‘the blends are 51mllar enough that they all act -as biting
-stlmulants. The ratloe‘of various components w;thxn the
blendlls responaible for thedifferent'reedingrates.

; lt would be interesting to‘compare both
‘qualitatipe‘and quantitative analyses df leaf aurface waxes
using combined GC and electrophy31ologlcal technlquesl It
mlght then be p0351ble to 1dent1fy components whlch form the
“'chemlcal’lmage' of the host . Such an approach coupled Wlth )
the. behavioral studles reported here would lead to a better
understandlng of host selection and its possxble

.-

manlpulatlon
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