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9 ANTONIvaa LEEUWENHOEKS
Fig. 1. vertoont be zon genoemde Aclbefte-
é:{,?c,dnmdkfmis.diaunligt o
cur hebben o en dat zoo als ket in ons Hoote
Oug te vooten kome » €n tot zyn volkome prootte in

n,

Fig. 2. ABCDEFGH. vericons het (]

Dierkg}:.daz mede ror zyn volkome mmE‘gﬁﬁ_

» &r Zoo vere alwasgckomen , darop Zyn laarfle
vervellen ftond , in welk Dierke men de in eon g2
youwen wickjens al Emn 1c zien , die hier in de
gwﬂdc ﬁﬂur met WX, werden aangewefen,

et KLMN. werden aangeweien de zes pooten
met hare ledekens , welke pooten met mr::rguunne
koree hairegens zyn bezee, en dasr benevens is re fien
hoe yder van pootgens mer rwee klaauwegens
Zyn verzien. .

Aan F. is afgebeele cen van de twoe neme oogpens,
welkers ongemene maakl, zoo het door her
vergroat-glas te vooren quam , enmogelijk was om
na te volgen.

Met 1L, werd aanpewsfen doflelfs fuye die bet
Dicrke in de jonge fchrut of in de fieel van hee blad
flecke , endaar door zyn voerke haale,. kndemet FZZ,
der zelver twee hoornen,

Aan hct agterlyF heeft et twee over eynde ftaande
werkauygen , die ia’t midden dikit Zyn, ©nzeer aar-
dig et ronde ende in’t verbans leggende fchildekens
omfer zyn,als hier met C.en B. wezden aangewefen,
L_I.:bu‘:l:ke wcrknll‘ gen ik verfcheyde malen hebbe zien
it brengen een kkya druppelipe zeer belders vogtig-
beit als aan B. Aang:wP:Er.E.c B

Viifide vervoly van BRIEFEN, sz, 13

Dir kleyse druppelige voge was voor my een
vetmaak ¢ befchouwen .“.351 dat wanneer dirﬂ:
Echgmpzckuedi!hmiemhetmgmotrglas ftond 4

ct zelve yoor cen rweede glas vesfizekie o
om dat de veorwerpen  als Huyfen , en Toorens o
door dar dreppelrge vogr , het on boven , €n
dar zoo Kleyn en net voorquamen » dat et voor veele
onbegrypelitk is. .

Ik hebbe ook welgezien »dat wanneer eon kleyn drup-
peltge vogt , vic ecn van de pezeydedeclen wasgefioo.
tor 5 aanftonrs weder in’tlighaam wierd gebrage.

Mot DTV E. werd aangewefen de punét van een
Ipeld waar op dit Dicrke was geklecht , wanneer het
afgereikent wierd.

ig. 3. yeeoont de grootte van het Dierke , 200
sl het van een vethaale Schepfelipe in een Viicgicis
verandest. . reald

Terwyl de Teikenaar bezig was mer her verl c
af lcal:Lmn 3 opende ik weder cenige Dicrkens 5
©n ik vertprepde de ongeboorene: th:plcrﬁe?sgp een

T

dun glas, en voor het ver g el
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[k gaf gok de Teikenaar sea ander - gl
in handen, waar voor agrDicrkens bymangm 5
aan alle welke men de oogen klaar kondc bekennen,
dic den zelven mede 200 weel heeft nagevolgt als
her hem doenlijk was 4 als hier met Fig, 5. QR S,
werd azgewelen,

Ik hebbe hice vooren Fig. 5. met F. aanpewelin
£en van de twee note oogiens { dar meds it veels
gezigren beftaar) dog alzoo my ecn afgcnrooTrhuymc
1€ yooren quam , waar in het aette maakkl van het
oo, nog meerder way uicfickende  hebbe ik goer
Ecg;gc ‘hee zelvige te laten aficikenen | op dat de
volmaaktheyt van zoo cen vezags Kleyn Schepiel nog
anexr mogts blijken, Fig. 6. AB. vorbecld het afge.
ftroopre Euytgc af menbrane, van hetcog, dardoor
cen meerder vergrootende plad is getcikent, als waar
voor hes Dicrke Fig. 2. afgereikent is.

Sedert deft ontd ge onrledigde ik nog Dier-
kens, zlleen om ofik aan de Dicrkens, dic ik

tri¢ *smocders lighaam quam ce halen , geen feven

envan de ongeboore Dier‘in:c ik oordecide d;k:
van de uirgeworpen zouden zyn geweedt , lier
et mede zoo vn:laismmkondcnago'\ enafreikenen 5
alshier mer Fig 4 OP, werd aan, n.

Aan div ongeboore Diertke konde men mede bes
kenoen dat delluifs lighaam omwonden was met een
wlics , dog alle de¢ declen die duar in t¢ 2itm ware
en koade m:& niet navolgen , om dat in korte tijd
de ige Roffe wasweg gewacifeme , door welke weg
waﬂwﬁge e figuur vmnMderdc. ' W

3, N

kende bek » in welk doen ik onder andere een
Diccke ontmoette, welkersingewant in't I.igh::m ik
nicraticen zag bewegen , puaar hce maakee mex deilelfs
rm::n hoewel die nop in gelchikee ordre voor het Iyf
apen geplaatit, 200 een beweginge, dae de omleg-
gende foffe daar door bewogen wicrd,

Her wag nu den 6, e mny wanneer ik zagdat
verftheyde Dierkens die op den’ a1, Mey peworpen
waren 10 vlicgende Scheplels verandorden 4 en nu
waren ouk al eenige bladeren van de Aclbefle-cakjcns
aan her v

Ik

Dis
Antoni van Leeuwenhoek (Delft 24 oktober 1632-26 augustus 1723)
Drawing from his work : Ondekte onsigtbaarheeden, Lugduni Batavorum, Cornelis Boutesteyn,
Leiden, tome 4, 1696: 92-94, :
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L INTRODUCTION

QUANIER (1916) demonstrated that potato leafroll is an infectious disease,
and considered it to be caused by a virus. This virus, named potato leafroll
virus (PLRY), appeared to be transmittable from plant to plant by the green
peach aphid, Myzus persicae SuLz. (OorRTWUN Bomies, 1920). ELze (1927)
found that after a certain acquisition feed a period exists during which 3. per-
sicae is not able to transmit PLRV; after this period of latency the vector is
infectious for a long time of its life, a condition which this author presumed to
be due to virus multiplication within the aphid vector. The occurrence of this
multiplication was proved by STEGWEE and PonseN (1958). In this case the
ingested virus presumably passes through the gut wall to the haemocoel and is
subsequently transported towards the site of multiplication. From here it is
carried into the salivary glands of the vector, whence it is injected into the plant.

The present study was undertaken to examine the distribution of PLRY
throughout the various organs and tissues of the vector. Although some inves-
tigators studied the anatomy of M. persicae it appeared necessary to supple-
ment the information found in the literature. Moreover, a special study of the
anatomy of the larval stages of this insect was made. The various organs and
tissues of viruliferous aphids were dissected and their homogenates tested for
infectivity by injecting aphids.

Meded, Landbouwhogeschool Wageningen 72-16 (1972} 1



2. SURVEY OF LITERATURE

When after about 1760 the potato plant was introduced as a cultllvE:ited :;’:elzi
it appeared that the vicld of the potato in repeated culture gradually fefr;rious
as a result of ‘degeneration’ which was in fact due to the effect o o
infectious diseases (ROZENDAAL, 1946), It was in 1906 _that APPEL seleé:?c -
this group of diseases the so-called ‘Blattrollkrankheit’, the lcqfroll l:ﬁzt t.he

To QuaNIEr (1913) belongs the credit of being the first to d:scove_r P
leafroll disease was characterized by necrosis of the phloem. The infec Ib :
nature of the leafroll disease was demonstrated by means of stem gnd tu :e
grafting (QuanyE, 1916}. In analogy with the incitant of {he mosaic dlS;i;r.
of tobacco QUANIER named this microscopically invisible, infectious ma d
‘virus’, In 1920 OorTwirg BowEs obtained transmission of PLRV fi rom dlsegf»e
to healthy potato plants by the green peach aphid, M. persicae. This finding
was established independently by ScHULTZ and Forsom (1921).

The first phase in the transmission process is the acquisition feeding period,
i.e. the minimum time during which the nonviryl;

TABLE 1. The length of the minimum acquisition feeding period of Myzus persicae in the trans-
mission process of the potate Teafroll virys according to different authors,

" Leafroll source

Minimum Author
acquisition
_ feeding pering
Solanum tuberogym v.British Queen ¢ hours SmrTH (1931)
Datura stramonium 6 hours WEBB et al. (1 952)
D, stramonium vay. tatulg 2 hours Kassants (1952)
S. tuberosum cv, Netted Gem 2 hours MacCartny (1954)
D. stramonium 1 hour Mivamoto and Mryamoro (1966)
D. siramontum var, tatula 1 hour Mivamoto and MivamoTo (1966)
Physali:ﬂo.ridana 1 hour MIYAMOTO and MiyamoTo {1966)
D, stramoniym 30 min, KIRKPATRICK and Ross (1952);
) - WILLIAMS and Ross (1957a)
P. floridana 30 rain, WILLIAMS and Ross (1957a)
P. floridana 15 min, DEe MErsteR-Manger CaTs (1956)
P. angulata 10 mip. Krostermeyer (1953)
P. floridana 10 mip, SteEGWEE (1960)
S. tuberosum cv, Up-to-Date 3 min, UGHNANE (1943)
S. tuberosum cv. Arrap Cairn 5 tmin,

UGHNANE (1943)

2 Meded, Landbouwhogeschoot Wageningen 72-16 (1972)



found that nonviruliferous aphids previously starved for 4 hours could trans-
mit the virus after an acquisition feeding period of 5 minutes on a leafroll
diseased potato plant, but Kassanis (1952) could not reproduce these results.
A starvation period before the acquisition feeding period of 2 hours (WEBB et al.,
1952), 4 hours (Kassants, 1952), or 18 hours (MacKINNON, 1962) had no effect
on the efficiency of the transmission. This is in contrast to the non-persistent
(stylet-borne; KENNEDY et al., 1962) plant viruses, where a starvation of the
aphid before the acquisition has an effect on the transmission of the virus
(WaTtsoN and RoBERTS, 1939).

The following phase in the transmission process of PLRV is the infection.
feeding period of its vector; this period is the minimum time during which the
infective aphid must be feeding on the healthy plant to obtain virus transmis-
sion. The results of many investigators on this topic are summarized in Table 2.
Tt can be concluded that the minimum infection feeding period of M. persicae
which had been fed on a PLRV source for several days is 10-135 minutes.

The above mentioned results show that nonviruliferous aphids can acquire
PLRYV in a minimum acquisition feeding period of 10-15 minutes; using
infective aphids the minimum infection feeding period likewise amounted to
10-15 minutes. The explanation given above for these minimum acquisition and
infection feeding periods is acceptable on account of the following investiga-
tions.

Histological investigations concerning the course of the aphids’ stylets in
tissues of Freesia refracta KLATT., Digitalis purpurea L. (HORSFALL, 1923),
Solanum tuberosum L. (SMiTH, 1926; DYKSTRA and WHITAKER, 1938; SoRIN,
1960), Aflium cepa L. (TATE, 1936), Beta vulgaris L. (BENNETT and WALLACE,
1938; EsauU et al., 1961), Nicotiana tabacum 1.. cv. White Burley (BRADLEY,
1953), tobacco (GUTHRIE et al., 1962), Prunus persica BATsCH var. vuigaris
(SoRrIN, 1966), Vicia faba L. (Lowe, 1967), Raphanus sp. (KisLow et al.,
1971), and Tulipa gesneriana L. (POLLARD, 1971) showed that M. persicae fed
mainly in the phloem. DYKSTRA and WHITAKER (1938) found a percentage of
98 % for M. persicaz which had been feeding in the phloem of potato leaves.
SMiTH (1926) suggested that the PLRV could only be transmitted when M. per-
sicae was feeding in the phloem.

DAy and IRZYKIEWICZ (1953) established that M. persicae could not acquire
any food from the plant during the first minutes. The aphids were allowed to
feed during several acquisition feeding periods on Chinese cabbage leaves,
which were put in a solution with labeled phosphorus (*2P). In similar experi-
ments WATSON and NixoN (1953) observed an increased concentration of 32P
in M. persicae after 1 hour feeding on leaves of Brassica rapa L. and B. vulgaris.
According to these authors the aphids could not acquire food before reaching
the phloem with their stylets.

RoBERTS (1940) ascertained in her histological work, that the minimum time,
necessary for M. persicae to reach the phloem with their stylets, was 15
minutes on N. tabacum cv. White Burley and B. vulgaris; 2 out of 18 aphids
could reach the phloem within these 15 minutes. Furthermore she found that it

Meded. Landbouwhogeschool Wageningen 72-16 (1972) 3
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took 5 minutes for the aphid to penetrate the epidermis. MITCHELL (1937), and
WaTtsoN and RoberTs (1939) showed that M. persicae could not reach the
vascular tissues within 5 minutes. From these observations it could be concluded
that the PLRY must be both acquired from and introduced into the phloem;
. to reach the phloem M. persicae needs at least 15 minutes which agrees with
the minimum acquisition and infection feeding period of the aphid. According
to Kassanis (1952) these observations suggest that PLRV has to be introduced
into the phloem for infection to occur.

Erze (1927) was the first to observe that PLRV could not be transmitted
directly by M. persicae after a distinct acquisition feeding period. He used the
term latent period, which had already been introduced in medical science
regarding the transmission of yellow-fever by the mosquito vector, Aédes
aegypti L. (REED, 1902). ErzE’s view found the support of many observers, who
reported that the aphids having acquired PLRYV, undergo a latent peried during
which they are unable to infect healthy plants. From these results which are
summarized in Table 3, the latent period of PLRYV in its vector can be defined
as the time the aphids passed on the leafroll source plus either the time they
passed on the testplant without infecting it {Table 3, nr. 1-8), or the time they
passed on successive testplants before infection succeeded (Table 3, nr. 9-10),
or the time they passed on an immune hostplant (Chinese cabbage) before
transmission was performed on testplants (Table 3, nr. 11-12).

However, KLOSTERMEYER (1953) and De MEESTER-MANGER CATS (1956)
(Table 3, nr. 13-14) have reparted transmission of PLRV without a [atent
period. They could transmit the virus directly following acquisition and infec-
tion feeding periods of both 10 and 15 minutes. KIRKPATRICK and Ross (1952)
demonstrated that PLRV could be transmitted by M. perszcae after a minimum
latent period of 1.5-4.5 hours.

Day (1955) questioned the absence of a latent penod when he stated ‘hun-
dreds of tests using 5 minutes feeding periods have not resulted in a single
inoculation of potato leafroll virus’, The results were also negative with feeding
periods of 10, 60, and 120 minutes. In one case (out of 33) he obtained trans-
mission with acquisition and infection feeding periods of 3 and 4 hours res-
pectively. The results of K1.0STERMEYER (1953) were doubted by DAy (1955), as
he reported: ‘some evidence that KLOSTERMEYER was dealing with a virus
differing from typical leafroll is suggested by his statement that visitors from
several eastern States and from foreign countries declare such pronounced
symptom expression does not occur elsewhere’. CADMAN (1957) too could not
confirm such short latent periods; he wrote ‘tests duplicating those recently des-
cribed in N.America and the Netherlands failed to confirm that transmission of
PLRYV is effected in less than 2 hours’, probably aiming at the results of the
investigations of KIRKPATRICK and Ross (1952), KrosterMEYER (1953), and
De MEeSTER-MANGER CATS (1956). STEGWEE and PonsEN (1958, unpublished
results) confirmed the results of Day (1955) and Capman (1957), but showed
that after an acquisition feeding period of 15 minutes on a leafroll diseased
Physalis floridana RYDB. plant the virus could be transmitted rarely to seedlings

Meded. Landbouwhogeschoa! Wageningen 72-16 (1972} 5



TaBLE 3. The length of the latent period of potato leafroll virus in Myzus persicae according to different
authors.

No. Leafroll source ' Acquisition Testplant
. feeding period
1 Solanum tuberosum cv. Paul Kruger 14 hours S. tuberosam cv. Paul Kruger
8. tuberosum cv, Paul Kruger 24 hours S. tuberosum cv. Paul Kruger
2 8. tuberosum cv. British Queen 6 hours 8. tuberosum cv. President
3 Datura stramonium var. tatula 2 hours D, stramonium var. tatula
4 D, stramonium 6 hours Physalis floridana
5 S. tuberosum cv. Netted Gem’ 2 hours P. floridana
S, tuberosum cv. Netted Gem 12 hours P. floridana
6 D, stramonium 1 hour P. floridana
D. stramonium ) 5 hours P. floridana
D. stramonium 10 hours P. floridana
7 P. Aoridana . 6 hours P. floridana
8 P. floridana ‘ 6 hours P. floridana
9 P, flovidana 30 min. P. floridana
10 P, floridana . 2 hours P. floridana
P. floridana ] 6 hours P, floridana
11 D. stramonium var, tatula _ 1 hour P. floridana
D. stramonium var. tatula 6 hours P. floridana
12 8. tuberosum cv. Bintje B 3 hours © P.flovidana
S. tuberosum cv. Bintje 6 hours P floridana
13 Physalis angulata . 10 min, P. angulata |
14 8. tuberosum cv, Red Star 15 min. P, floridana
P. floridana 15 min, - P floridana

of the same species with an infection feeding period of 5 days (3 aphids per
testplant), when between the acquisition and infection feedings the aphids were
placed during 16 days on Chinese cabbage which is 1mmune to PLRV; 1 out of
11 testplants showed leafroll symptoms.

Summarizing it appears that nonviruliferous M. persicae become infective
after an acquisition feeding period on a PLRYV source, but during a period of
1-5 days the infected aphids can not transmit the virus; only after this period
the aphids are able to infect healthy plants. The variations in the latent penod of
PLRYV in its vector seem to depend on several ill-defined factors.

Some publications show that the efficiency of virus transmission depends on
the virus source and the testplant. Kassanis (1952) found that young or recently
infected Datura stramonium L. var. tatula and potato plants were much better
virus sources for M. persicae than older plants. He supposed that ‘the leafroll
virus content of the infected plants reaches an early maximum and then falls’.
The results of BEEMSTER {1960) pointed in the same direction. According to
KIRkPATRICK and Ross (1952) the older leaves of a full-grown leafroll diseased
potato plant contained more virus than young leaves. Furthermore they stated
that P. floridana was a better PLRV source than D. stramonium, the latter in
turn being better than Physalis angulata L. and potato. MACKINNON (1962)
reported that the top leaves of P. floridana were better sources of PLRV than
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Number of aphids/ Infection Latent period Author

testplant feeding period
many 10 hours 24 hours Erze (1927)
many 24 hours 48 hours ELze(1927)
many . 24 hours 30 hours SmrTH (1931)
10 48 hours 50 hours Kassanis (1952)
10 24 hours 30 hours WERE et al, (1952)
1 48 hours 50 hours MacCarTHY (1954)
1 24 hours 36 hours MacCartay (1954)
1 24 hours 25 hours WiLLiams and Ross (1957a)
1 " 36 hours 41 hours WiLLAMS and Ross (1957a)
1 12 hours 22 hours WiLLiams and Ross (1957a)
5 18 hours. 24 hours STEGWEE and PoNseN (1958)
3 24 hours 30 hours Mivamoro and Mivamoro (1966)
1 30 min. 1.5-4.5 hours KirkpPATRICK and Ross (1952)
1 24 hours 50 hours MacKinnon (1964)
1 24 hours ) 30 hours MacKminon (1964)
1 4 hours - | 73 hours Day (1955)
1 4hours 20 - hours Day (1955)
1 4 hours 123 hours Ponsen (1958, unpublished)
1 4 hours 54 hours Ponsen (1958, unpublished)
10 10 min. 10 min. KLOSTERMEYER (1953)
5 15min 15 min, DE MEESTER-MANGER CATS (1956)
5 15 min, i 15 min, DE MEESTER~-MANGER CATS (1956)

cither middle or bottom ones. The tip areas of leaves from these three positions
were poorer sources of PLRV than middle or basal areas (MacKINNON, 1963a).
The testplants mentioned in Table 3 are all susceptible to PLRYV, but they
differ in sensitivity. So it appeared that P. floridana was more sensitive to the
virus than P. angulata (MAcCarTHY, 1954), and also more sensitive than
D, stramonium and potato (KIRKPATRICK, 1948 ; WiILLIAMS and Ross, 1957b).
Some publications deal with the efficiency of PLRYV transmission by M. per-
sicae. ELZE (1927) found that in some cases a very small number of aphids
achieved the infection, whereas in other cases relatively many aphids could not
bring about infection. SMITH (1929) obtained 1009, infection in his experiments
with potato sprouts when he used 18 infective aphids per plant. Working with
P. floridana, the same results were obtained with 10 infective aphids per plant
(WEBB et al., 1952). Hovey and BonDE (1948) obtained with P. angulata 759
successful infections using 5 infective aphids per plant. KiRKPATRICK (1948),
who worked with 1 infective aphid per plant, found infections with P. floridana,
P. angulata, and D. stramonium to be successful for 70-100%,, 20-409, and
40-70'% respectively. Furthermore he reported for P. floridana no difference if
I or 5 infective aphids per plant were used. According to KIRKPATRICK and
Ross (1952), and WiLLIaMS and Ross (1957b) the efficiency of PLRV transmis-
sion by its vector decreased when the number of infective aphids per plant in-
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creased. BinpRA and SYLVESTER (1961) could not confirm these results, and did
not show any difference in leafroll transmission between S and 10 infective
aphids per plant (P. floridana) with infection feeding periods of 30 and 60
minutes. :

The differences in infection ability of aphids could probably be explained
from the investigations of BJORLING and OsSIANNILSSON {1958), who reporied
that within the species M. persicae, strains with a constant difference in their
ability to transmit PLRV occurred. Previously DAy (1955) found some indic-
ations for the existence of clonal differences. BIORLING and OSSIANNILSSON
reported for one strain 46.3 %, successful infections, and for the other one 71.3%]
with an acquisition and infection feeding period of 3-5 and 3 days respectively
(P. floridana as virus source and testplant). However, they did not mention the
age of the aphids used.

The age of M. persicae probably plays an important part in PLRV transmis-
sion. In most papers cited up till now nearly nothing was mentioned concerning
the age of the aphids used in the experiments. According to KIRKPATRICK and
Ross (1952) adult M. persicae transmitted the virus better than larvae, while
MAcKmmon (1962), MivaMoto and Miyamoro (1966) and RoBeRT et al.
(1969), observed the contrary. Later on MAcKiNNON (1963b)} observed that
two-day-old larvae born on P. floridana transmitted PLRV more readily than
did larvae born on Brassica napus L. On the other hand, HovEy and BoNDE
(1948) and DAY (1955) did not show any difference in the transmission process
of PLRV between larvae and adults. STEGWEE and Ponsen (1958) demon-
strated large variations in the infection ability of PLRV infected aphids during
their lifetime. The percentage infections by using 1 aphid per testplant varied
of 10-70%; ; these variations were somewhat higher at 30°C than at 25°C.

STEGWEE (1960) showed that in aphids which were allowed a 6 hours” acquisi-
tion feeding at 20°C on a leafroll diseased P. floridana plant, no infectivity
developed when M. persicae were subsequently kept on Chinese cabbage at 35°C.
At 30°C and 25°C alonglasting infectivity developed. Also, when larvae reared
on diseased plants at 20°C were transferred to Chinese cabbage at 35°C, they
rapidly lost their transmitting ability. After an acquisition feeding period of 24
hours on a diseased plant the aphids remained infective for the next two days
on Chinese cabbage at 35°C, but after 4 days the transmitting ability was lost.
However, restoration of infectivity was possible by putting the aphids back at
20°C for two days. CADMAN and HARRISON (1956) could not obtain virus
transmission at 20°C after the infective aphids had stayed at 32°C during 3-6
days. It appeared that PLRV was inactivated in its vector by exposure to a
temperature of 32°C or higher. That was also found for PLRV in potato tubers
in which the virus was inactivated after 4 weeks at 38 °C (KASSANIS, 1949), or 3
weeks at 36°C (CabpMan and Harris0N, 1956). . '

ELZE (1927) found that the capacity of an infective aphid to transmit PLRV
was not influenced by moulting, and that the infective aphid retained its infec-
tivity probably for the rest of its life. From these results ELzE concluded that
PLRYV was not transmitted mechanically by M. persicae. This conclusion was
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supported by SMITH (1929, 1931), DAavies (1932), MacCarTHY (1954), and DAy
(1955). SmrTH (1926, 1931) and ELZE (1931) supposed that PLRV was ingested
with the food and passed from the gut into the haemolymph, and from there
into the salivary glands to be injected finally into the plant with the saliva,
Another possibility might be the regurgitation of the infective stomach content
of M. persicae into the plant. SMiTH (1931) and Watson (1938) considered this
to be impossible because the oesophageal valve of the aphid would prevent the
regurgitation of the stomach content. DAY and IRzyYKIEWICZ (1953) confirmed
with 2P that M. persicae could not regurgitate the ingested food.

The supposition that PLRV ingested by M. persicae passed from the gut
into the haemolymph was supported by the work of Day (1955), HEINZE (1955),
Stecwee and Powsen (1958), VaGo (1961, personal communication), and
CLark and Ross (1964). They succeeded in transmitting haemolymph from
viruliferous aphids with glass capillaries into the body cavity of nonviruliferous
ones which could then infect testplants. How the virus is transferred from the
haemolymph to the salivary glands to be injected into the plant with the saliva
of the aphid has not yet been explained.

According to Erze (1927) an aphid once infected with PLRV probably
would remain infective for the rest of its life. Infective M. persicae could trans-
mit PLRYV after a stay of 7 or 10 days on an immune hostplant (Spinacia olera-
cea L.) to healthy potato plants, SMITH (1929) reported transmission after a
stay of 4-5 days without food, or of 7 days on an immune cabbage plant
(Brassica oleracea L. var. capitata). DAy (1955) obtained PLRV transmission
after a period of 8 days on an immune cabbage plant (Brassica chinensis L.),-
and MACCARTHY (1954) after a period of 24 days on an immune cabbage plant
(Brassica juncea Coss.) to P. floridana testplants. When viruliferous aphids
including apterous adults and first to fourth instar larvae were reared on
detached leaves of Chinese cabbage in petri dishes under the conditions of
20-25°, 5°, and 30°C, the aphids were still infective 21, 32, and 11 days after
leaving the virus source plants (P. floridana, D. stramoniuym, or D. stramonium
var. fatulg) (M1yAMOTO and M1YaMoTO, 1966).

Summarizing it appears that the characteristics of the transmission of PLRV
by its vector, M. persicae, are: (1} no influence on virus transmission after a
previous starvation period; (2) a positive correlation between the duration of
the feeding period and the ability to transmit the virus; (3) a latent period; (4)
no loss of infectivity after a moult by its vector; and (3) sustained infectivity of
the vector during a considerable long time, Since PLRYV is present in the hae-
molymph of M. persicae, this virus, according to BLACK (1959), belongs to the
group of the circulative viruses. This in contrast to the group of the stylet-
borne viruses, where the virus disappears after a moult of the aphid (KENNEDY
etal,, 1962).

As early as 1931 ELzE expressed the view that PLRV would multiply in
M. persicae, since a once infected aphid retains its infectivity for a long time,
DAy (1955) was the first who obtained an indication for the existence of multipli-
cation. He gave large numbers of M. persicae acquisition feeding periods of 1,

Meded. Landbouwhogeschool Wageningen 72-16 (1972} 9



3, and 6 hours on leafroll diseased D. stramonium var. tatula; these aphids were
then transferred to Chinese cabbage plants which are immune to leafroll. At 24
hours intervals groups of aphids were singly placed on P. floridana testplant_s
and allowed an infection feeding period of 4 hours. The results of these expert-
ments showed that the number of leafroll diseased testplants increased with the
time the aphids had stayed on the Chinese cabbage. From these observations
Day concluded that ‘the virus concentration in the haemolymph continued to
increase after the ingested virus was distributed through the tissues of the
vector’.

STEoWEE and Pownsen (1958) demonstrated that, when nonviruliferous
M. persicae were injected with saline extracts obtained from viruliferous aphids,
nearly 509 of the injected aphids became infective and transmitted the virus
to P.-floridana seedlings after a latent period of approximately 20 hours. When,
instead of undiluted extracts, saline dilutions were used as inoculum, the latent
period of PLRYV in its vector could be prolonged to as much as 7-10 days.
MurcLEr and Ross (1961) could obtain transmission when the aphids had
fed constantly for at least 3 days after injection with haemolymph extracts from
viruliferous aphids. These findings also point to virus multiplication in its
vector.

On the other hand HARRISON (1958) reported the failure to detect any multi-
plication of PLRYV in M. persicae. He showed that if aphids were allowed a 24
or 48 hours’ acquisition feeding on a leafroll diseased potato, the presence of
virus in extracts from these aphids could be demonstrated by injecting the
extract into nonviruliferous aphids. This could be done only immediately after
the acquisition feeding period, but after a period of 1-4 days on B. rapa he
failed to show infectivity. According to HARRISON this should be taken as evi-
dence in favour of a decrease in virus content of the aphids and against the pos-
sibility of virus multiplication. Experiments after the publication of these
results showed that after a longer period on B. rapa the presence of virus could
be detected with certainty (personal communication: HARRISON to STEGWEE,
1959). This indicates that the virus concentration in the aphid during the time
on B. rapa must have increased. A support for this assumption is given by
HARRISON (1957) who found that aphids after injection sometimes transmitted
leafroll to testplants within the first day after injection; usually however, trans-
mission did not occur until the second or third day: aphlds transmitted the virus
up to 20 days after they were injected,

In 1958 STEGWEE and PONSEN confirmed the multlphcatlon of PLRV in
M. persicae. They succeeded in serial transmission experiments, in which injec-
tions of haemolymph were practised. Nonviruliferous aphids, maintained on
Chinese cabbage, were injected with haemolymph of viruliferous aphids and
kept for the following 7 days on Chinese cabbage. Afterwards small amounts of
haemolymph were taken from these injected aphids and in turn injected into
another group of nonviruliferous aphids. This procedure was repeated 15 times
at weekly intervals. In every passage the presence of virus could be demon-
strated by removing a few injected aphids from Chinese cabbage, and testing
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them on P, floridana seedlings. After 15 serial passages it was found that the
theoretical dilution of the original virus inocculum amounted to approximately
10~2%. In view of the fact that the haemolymph of viruliferous M. persicae
diluted beyond 10~ no longer rendered nonviruliferous aphids infective, they
concluded that the virus had multiplied in the injected aphids during the 15
serial passages. It is interesting to note that the dilution end-point of juices of
leafroll diseased P. floridena also amounted to 10~* (MURAYAMA and KomnuMa,
1965). A detailed explanation about PLRV multiplication in its vector was later
on given by STEGWEE (1961). -

Summarizing it appears that PLRV circulates and ‘multiplies in its vector,
M. persicqe; this enables us to explain the characteristic way of transmission.
The question where in the aphid virus multiplication takes place is not yet
explained. It does not seem unacceptable to suppose that wherever the virus is
multiplying in the tissues of the aphid cytopathogenic changes are produced.

Many observers have attempted to find changes in the tissues from virulife-
rous M. persicae by histological sections. BLATTNY (1931) reported a difference
in the structure of the cytoplasm in the salivary glands of PLRYV infected
M. persicae. The nonviruliferous aphids all had a clear zone around the nuclei,
which was lacking in some viruliferous aphids. On the other hand VAGo (1958)
could only detect a difference in the structure of the fat cells of viruliferous
aphids and nonviruliferous ones. The fat cells from aphids infected with PLRV
exhibited hypertrophy of the cytoplasm, which coincided with deformations of
the nucleus; this phenomenon was not observed in nonviruliferous aphids. In
ultra-thin sections from viruliferous aphids ‘plages’ occurred in the cytoplasm
of the fat cells, which were not found in nonviruliferous aphids. ScHMIDT
(1959) reported the presence of stellate nuclei in the fatbody of viruliferous
aphids which were lacking in nonviruliferous ones. According to SCHMIDT the
most important difference between viruliferous and nonviruliferous aphids was
found in the stomach cells. The nuclei in the stomach cells of viruliferous
M. persicae were bigger; in these enlarged nuclei the chromatin was lacking,
and besides the nucleolus several small partly dark-coloured, partly refractive
bodies provided with vacuoles were seen. However, FORBEs (1964a) demon-
strated the same bodies in the nuclei of the cpithelial cells in the stomach of
nonviruliferous aphids. Previously PoxseN (STEGwee, 1960) working with
adult M. persicae, was unable to detect any significant histological differences
between viruliferous and nonviruliferous aphids. The phenomena observed by
the above-mentioned authors are not necessarily cytopathogenic alterations as
a result of virus multiplication; they may be also due to the age of the aphid,
because the histological investigations were performed on aphids of unknown
age.

Using electron microscopy HEINZE (1955) found in the haemolymph of
viruliferous M. persicae long threads, which varied between 1.66 and 5y, with
a diameter of about 17.5 nm. Ultra-thin sections from salivary glands of viruli-
ferous M. persicae revealed the presence of rod-shaped inclusions (30 x 200
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nm), which were not to be seen in nonviruliferous aphids (MOERICKE, 1961).
Later on MOERICKE (1963) described the occurrence of the same inclusions in
"nonviruliferous M. persicae. Besides in the salivary glands he could detect these
rod-shaped inclusions in the cells of the gut and in those of the follicle epithe--
lium. However, ForBes (1964b) reported that in the stomach of M. persicae
infected with PLRV, masses of rod-shaped viruslike particles occurred within
the cytoplasm and outside the cell at the haecmocoel surface; similar particles
were absent in stomachs of nonviruliferous aphids. None of the observers
mentioned the possible presence of spherical particles in the investigated tissues
(e.g. haemolymph, salivary glands, gut, and follicle epithelium) from virulife-
rous M. persicae, which would not occur in those from nonviruliferous ones.
Many attempts have been made to isolate PLRV from infected plants and
viruliferous M. persicae. By means of the electron microscope BAwDEN and
Nixon (1951} could not detect any difference between purified juice from
healthy and that from leafroll diseased potato plants and P. stramonium,
SPRAU (1952) demonstrated long threads of 150-4250 nm in the juice from
leafroll diseased potato plants which could not be observed in juice from
healthy ones. The same results were obtained by HEmze (1955) for leafroll
diseased- P. floriduna, D. stramonium, and S: tuberostim. However, Day and
ZAITLIN (1958) could not confirm the results of SPrRAU and Hewze, Purified
extracts from leafroll diseased P. floridana plants showed the presence of many.
spherical particles with a diameter of about 10-20 nm which were not to dis-
tinguish from those in healthy controls. According to DAY and ZAITLIN the
extracts from leafroll diseased plants appeared to be infective after injection in
nonviruliferous aphids which were allowed to feed on P. floridana testplants.
HILLE Ris Lamprrs (1959) could observe spherical particles in the sieve-tube.
sap from both leafroll diseased and heaithy P. floridana; similar resuits were’
obtained with dippreparations from both these plants. Only the sieve-tube sap
obtained from cut stylets of M. persicae feeding on leafroll diseased P. floridana
appeared to be infective when it was injected into nonviruliferous aphids
{(PonseN and STEGWEE, 1960). Infectivity of M. persicae macerates was -demon-
strated by several investigators (Day, 1955; HARRISON, 1958; STEGWEE and
PonseN, 1958; STeEGWEE and PETERS, 1961; MurayaMA and Konma, 1965). It
was PETERS (1967a, b) who isolated the PLRV from viruliferous M. persicae
macerates and described it as being a spherical particle with a diameter of
about 23 nm and showing a hexagonal outline, Similar results were obtained
from leafroll diseased P. floridana plants (Koiua et al., 1968, 1969). They also
found these particles in ultra-thin sections of P. floridana which usually ap- '
peared in degenerated phloem cells of petioles and veins of diseased leaves.
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3. GENERAL MATERIALS AND METHODS

In this chapter the general materials and methods which were used through-

out this study will be described. Additional procedures and techniques will be
- mentioned in the relevant chapters.
Virus S

The experiments were carried out with the isolate of PLRV used by StTEG-
weE and Ponsex (1958). This virus was maintained in Physalis floridana
RyYDB. by repeated aphid transfers.. To produce uniform leafroll diseased
plants, virus-free larval aphids reared on Chinese cabbage (Brassica pekinensis
RuPR. c¢v. Granaat) were allowed to feed for 24 hours on a leafroll source
(P. floridana plants about 5 weeks old), after which they were placed singly for
another 24 hours on one-leaf-stage seedlings of P. floridana.

The symptoms caused by this isolate on P. floridana were already described
by PeTERS (1967b) as moderate. According to him this isolate contaminated
with ‘virus-like particles’, which did not appear to be pathogenic for several
plants, e.g. P. floridana and Chinese cabbage.

Aphid

All experiments were done with the aphid vector Myzus persicae SULZ. A
stock culture of virus-free aphids, maintained on Chinese cabbage which is
immune for PLRY (MAcCartHY, 1954; Day, 1955: MivamMoTo and Miva-
MOTO, 1971), was kept in the Laboratory of Virology. In winter the aphids were
exposed to additional light during 18 hours a day.

The plants with the virus-free aphids were placed in an aphid-proof cage. At
regular times the plants which were crowded ‘with aphids, were replaced by
aphid-free ones to prevent stunting and the occurrence of winged aphids by
overcrowding,. .

Throughout this study apterous viviparous aphids were used. New-born
larvac were picked up from excised leaves of P. floridana or Chinese cabbage
plants with a fine paint brush under a dissecting microscope to prevent damage.
Plants

P. floridana was used as a test plant for PLRV and as a virus source. Seeds
were germinated in seed-boxes with steamed soil under double-glass on
bottom-heating of 25-28°C, and planted singly into 10-cm pots with steamed

" soil as soon as the cotyledons developed. Chinese cabbage was germinated in
pots; after the development of the cotyledons the plants were transplanted
singly into 10-cm pots. Before use the flats and pots were steamed during 30
minutes at 100°C, and the soil during 1 hour at the same temperature.

The plants were maintained in an insect-proof greenhouse provided with
thermostatically controlled heating and cooling at a temperature varying
between 18° and 22°C and with a relative humidity of 60—809%. During winter
the plants received additional light to provide a day-length of 16 hours. The
plants were covered with perspex cages (8 X 13.5 cm) during the acquisition
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and infection feeding period; daily each test plant was examined during the
infection feeding to determine whether or not the aphid was alive. When larvae
were dead or lost within the fixed infection feeding period, these plants were not
counted. At the end of the infection feeding periods the aphids were removed
from the test plants and killed. The inoculated test plants were kept for 5 weeks
in an insect-proof greenhouse and examined for symptoms. Healthy seedlings
were interspaced among the inoculated test plants as controls, At regular inter-
vals the plants were fumigated with different insecticides.
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4. THE ANATOMY OF MYZUS PERSICAE

INTRODUCTION

The green peach aphid, Myzus persicae, is a vector of PLRV and a host for
its multiplication. To investigate the site of virus multiplication in this vector
it is necessary to study its anatomy. MoORREN (1836), who was the first to publish
on the anatomy of Aphis persicae (= Myzus persicae SuLZ.), paid special atten-
tion to the alimentary, respiratory, and reproductive system, intra-ovarian
development of the embryo, and cornicles. More than a century later, a brief
description of the anatomy of this aphid was given by ScHMIDT (1959). Since
then, detailed histological studies with the electron microscope have been per-
formed on the stylets (Vax Hoor, 1957; Forses, 1966, 1969), alimentary system
(ForBEs, 1964a), salivary glands (WOHLFARTH-BOTTERMANN and MOERICKE,
1959, 1960; MoERICKE and WOHLFARTH-BOTTERMANN, 1960a, b, ¢), pericardial
cells (Bowers, 1964), and mycetome (HINDE, 1971a, b).

In the present study the anatomy is investigated of larval stages. Much
information was obtained from the work of WiTtLACZIL (18382), MORDWILKO
(1895), DavinsoN (1913, 1914), WERER (1928), and RoBERTI (1946) on other
aphids, and of PEssoN (1944) on coccoids. Aphid names have been used in the
text in the spelling of the respective authors who applied them. The modern
names are summarized in Table 9 (page 94-98).

MATERJALS AND METHODS

New-born larvae of M. persicae were selected from a virus-free colony on
Chinese cabbage and transferred to one-leaf-stage Chinese cabbage seedlings.
The culture of Chinese cabbage plants has been described in chapter 3. Each
seedling received 5-10 larvae. This procedure was repeated in several parallels
in order to get enough aphids of the same age. The individually caged plants
were kept in a cabinet at 20°C (PoNSEN, 1969) and the aphids spent their whole
life on the same cabbage plants. After 1 day, 3, 5, 7, and 9 days the larvae were
removed from the plants to prepare them for serial paraffin sections and cor-
nicle secretion smears. These intervals were chosen because of the irregular
moults of the larvae. '

Light micrascopy _

The larvae were fixed in DuBosq BrasIL’s fluid. Prior to embedding in paraf-
fin the larvae were dehydrated with ethanol, cleared in methyl benzoate followed
by methyl benzoate celluidin (29) for 3 days or longer. Paraffin sections of
5 w thickness were made. They were finally stained with EHRLICH’s haecmatoxy-
lin for 5 minutes, and then rinsed in tap-water, SCOTT’s solution for 2 minutes,
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F1G. 1. Dorsal aspect of a graphic
reconstruction of a one day old M-
2us persicae larva showing position
of cornicles (co), salivary glands and
their myoepithelioid cells (mc), myc-
etome (my), and cenocytes (oen).
-Theletters K, L, P, R, 8, T, U, and
¥ correspond with transverse sect-
, “ions given in Figs. 20, 25-28, and
- _ ] " . 30-32. For explanation of abbrevif
= ations see pages 144-147.
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Fic. 2. Graphic reconstruction of
the tracheal system of a one day old
Mpyzus persicae larva. The tracheae
(a) run to the clypeus, (b) to the cly-
peo-labrum, {¢) to the corporacard-
iaca, (d) to the proboscis, and (e) to
the cornicles. The latter structures
are outgrowths of the fifth abdom-
inal segment. 1-2, meso and meta-
thoracic spiracles; 3-9, abdominal
spiracles. The arrows represent the
‘three pairs of legs. Notethe situation
of the thoracic gland cells (tgc). The
tracheal systern of M. persicae
agrees largely with that of Acyrthosi-
phon malvae (WiTLACZIL, 1882) and
Pentatrichopus tetrarkodus (GROVE,
1909).
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and distilled water. To remove the excess of hacmatoxylin the sections were
differentiated in 0.25 % hydrochloric acid for 30 seconds and washed in running
tap-water of 25°C -during 30 minutes. Counterstaining was done in a 5%
aqueous solution of eosin during 5 minutes; the sections were directly trans-
ferred to 707, 909, 969 ethanol, methyl benzoate, xylene, and mounted in
xylene-dammar.

The cornicle ejection was produced by pinching somewhat the head of the
aphid with watchmaker’s forceps. This results in the elevation of the cornicles,
followed immediately by the production of a droplet which was smeared on a
slide by moving the aphid slowly in one direction. The cornicle secretion smears
were dried at room temperature and stained with LEISHMAN's solution for 15
minutes (CARLETON and DRURY, 1957). Then the smears were rinsed twice in
methyl alcohol for 3 seconds, blotted with filterpaper, cleared in xylene, and
mounted in xylene-dammar.

The sections were examined under a WiLp microscope equipped with a
universal phase contrast condenser and fluotar phase objectives. The drawings
were made with 2 WILD drawing tube at a magnification of 600 or 1500 times.
The morphology of the various organs was determined from dissections, and

by graphic reconstruction from a complete series of camera lucida pictures of
serial sections of whole larvae.

Electron mi’croscopy

The procedure to remove the salivary glands from larvae has been described
in chapter 5. Dissections were carried out in 0.1 M SORENSEN phosphate buffer
(pH 6.8). The glands were prefixed in 0.1 M phosphate buffered (pH 6.8) 6%
glutaraldchyde for 1.5 hours, washed in phosphate buffer, postfixed in 0.1 M
phosphate buffered 2% osmium tetroxide for 1.5 hours, and finally washed in
phosphate buffer (MoHr and CockiNg, 1968), in which they can remain over-
night at 4° C. After fixation the glands were dehydrated in 7097, 809, 90 %, and
96 % ethanol and stained by a mixture of 3 ml 0.5 7 uranyl nitrate in ethanol-
acetone (1:1) and 7 ml saturated lead acetate in ethanol-acetone (1:1) for 1.5
ho_u_rs (Kusnipa and Funta, 1966). After stainin g the glands were washed
d}mn_g 5-10 minutes in ethanol-acetone and absolute ethanol, Prior to embed-
ding in styrene methacrylate (2:3) the glands were put in a mixture of styrene
methacrylate in absolute ethanol (1:1) for 1 hour, styrene methacrylate for 1
hour,_ and styrene methacrylate with initiator for 1-3 days at 4°C. Final em-
* bedding was done in gelatin capsules using a fresh lot of embedding medium. -

The 'blocks pplymerized after approximately 3 days at 43°C. The embedding
medium consisted of 2 volumes of styrene and 3 volumes of n-butyl methacry-
late (K_USHIDA, 1961). The initiator was 3 7o W[v benzoyl peroxide.

Sections were cut on a LKB ultrotome 3 using glass knives and were expanded

with chlo¥ofor.m vapor. The sections were picked up on formyar covered grids
and examined in a SIEMENS Elmiskop 1 at 80 KV. Lo '
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RESULT OF ANATOMICAL STUDY

Ahmentary canal

The most anterior part of the alimentary tract is the food canal of the maxil-
lary stylets. From the stylets it passes into the pharyngeal duct which in turn
leads into the pharynx. This structure passes upwards through the head, and
leads into the foregut (oesophagus) to enter into the stomach, a sac-like dilation
of the midgut. The stomach narrows towards its posterior end, and leads into
the coiled intestine, from which the hind gut passes to a rectal canal terminating
into the anal openxng (Figs. 3, 5, and 11).

The entire gut is enclosed by a tunica propria which dorsally extends from
the divaricator muscles in the posterior part of the pharyngeal pump and ven-
trally from the pharyngeal muscles originating from the tentorial bar (Fig. 3).
It terminates in the muscles which control the anal opening (Fig. 12). Conspi-
cuous flattened cells occur in this sheath; cach of them contains a distinct
ellipsoid-shaped nucleus with regular scattered basophilic chromatin and a
spherical eosinophilic nucleolus. Around the foregut the sheath is very thick,
but around the remaining part of the gut it is very small so that the nuclei
protrude in the body cavity. The muscularis of the tunica propria is mainly
build up of circular muscle fibres; the hindgut and the rectum muscularis con-
tains also longitudinal muscle fibres. The latter parts of the gut show vigorous
peristaitic movements by the action of these both muscle fibres. On the other
hand; the peristalsis in the foregut and midgut is more slowly.

During larval life the entire gut retains the same position in the aphid’s body
cavity. The total length of the alimentary tract is 3 times as long as the aphid’s
body, and the gut increases in size proportionally to the aphid (Table 4).
Stylets. The stylet bundle lies in a dorsal groove running along all three
segments of the proboscis (= labium) (Fig. 3). The fine structure of the
stylets of M. persicae has been studied by Van Hoor (1957) and Forses (1966,
1969). There are two pairs of chitinous stylets, one maxillary, one mandibular.
The maxillary pair is always firmly interlocked and appears as a single structure
enclosing two minute canals formed by opposing grooves. The dorsal canal or
food canal communicates with the pharyngeal duct, while the ventral one joins
the salivary pump. The mandibular stylets are closely applied to the maxillary
pair and each of them has a minute canal containing a nerve originating from
the tritocerebral longitudinal tract {Figs. 4 and 32 V).

Each stylet originates from a retort-shaped organ (METSCHNIKOW, 1866)
situated in the postetior part of the head. In the first instar of the larvae these
organs are shaped like a flower-bud (Figs. 4, 30, and 31), but during growth of
the larva they increase rapidly in size showing elongated, slightly bent structures.
The retort-shaped organs consist of two layers of epithelial cells of which the
outer layer is-a continuation of the epidermis (Fig. 4). The inner layer passes
into the matrix cells. These cells are responsible for the seeretion of a new stylet
at each larval moult. The matrix cells occupy the interior part of the retort-
shaped organ and have a spindle-shaped form with a spherical or irregular
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nucleus at their base. All these matrix cells show on their distal end a fine, long
fibril of a chitinous substance. These fibrils unite to form the final stylet.
Similar matrix cells are also found above the salivary and pharyngeal pump
{Fig. 8 no. 11 and 13) secreting the cuticular parts of the latter organs.

There are two muscles attached to the basal end of each stylet: (a) a retractor
muscle at the internal side originating from the tentorial bar, and (b) a protrac-
tor muscle inserting at the external side of the stylet and originating from the
ventral wall of the maxillary sclerite (Fig. 31). More proximally on the external
side the stylet possesses aninsertion of a muscle originating from the lateral wall
of the maxillary sclerite. On the internal side there are muscle fibres attached to
the pharynx floor (Fig. 8 no. 12-13).

As shown in Fig. 7 no. 2, each stylet is conducted by a groove of the epipha-
rynx on the ventral face of the clypeo-labrum and labrum, They are so arranged
that the stylets fit snugly into the grooves, being held firmly in position, at the
same time having perfect freedom of movement for protraction or retraction.
After leaving the head (Fig. 7 no. 1) the stylets cross over into the Jongitudinal
labial groove and exiend along it to the extremity of the rostrum (Fig. 3 no.
1-4). The stylet bundle shows in its way a torsion of 180° which was also
observed by SoriN (1966) and Forsrs (1969), by RiLLING (1960) for Dactylo-
sphaera vitifolii (Table 9), and by WEBER (1929) for several psyllids. In M. per-
sicae the labium telescopes to expose the stylets during feeding (BraDLEY, 1952;
SORIN, 1966). . '

Pharynx. Morphologically the pharynx can be divided in three parts: the
pharyngeal duct, valve, and pump (Figs. S, 7, and 8), The pharyngeal duct is a
prolongation of the food canal and is formed by the epipharynx and the hypo-
pharynx lip (Fig. 7 no. 2-8). This portion does not exert any sucking action, and
is simply a duct, which conveys the plant-juices into the pharyngeal pump. The
epipharynx is marked by a thick sclerotized plate which also forms the floor of
the clypeo-labrum. In longitndinal sections the epipharynx reveals a median
row of eight sensillum pores (Fig. 6), which communicate with the pharyngeal
duct (Fig. 7 no. 5-8). Behind the second pore the duct dilates abruptly and
attains a complicated cross-section up to the valve. At the upper wall of this
wide duct, on each side of the epipharynx, an invagination is observed (Fig. 7
no. 7-8), which runs as an arch from the third pore to the valve (Fig. 3); its
lumen looks somewhat stellated. Close before the valve the floor of the wide
duct passes from the hypopharynx lip into the hypopharynx. In the median line
of the floor a narrow gutter runs from the food canal to terminate abruptlyin a
cup-shaped one which connects with that of the valve. The cup-shaped part of
the élo;)(]):)before the valve is provided with two sensillum pores (Fig. 5; Fig. 8
no. Y- . . .

The pharyngeal duct is separated from the pharyngeal pump by a valve, of
which both th.e dorsal wall and ventral wall are marked by two cuticular dome-
shaped pro‘mmences, the pharynx ‘protuberanzen’ named by KRASSILSTSCHIK
(1893) and “Mundkndpfe’ by WxBER (1928). The dorsal wall of the valve is con-
trolied by two pairs of divaricator ‘muscles, each pair being attached to a tendon
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Fic. 3. Sagittal aspect of a graphic
reconstruction of a one day old
Mpyzuspersicaelarva. Thefigures 1-4
are transverse sections of the dorsal
groove (dg) of the proboscis (pb)
showing position of mandibular (md)
and maxillary stylets (mx), The ner-
vous system except the main abdo-
minal nerve (N10) is reconstructed
1.7 1 from the midline of each trans-
verse section. The letters A, B,C, F,

‘K,L,P.R,S, T, U, and V corres-

pond with transverse sections given
in Figs. 9, 12, 20, 25-28, and 30-32,
For explanation of abbreviations see
pages 144-147,
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(Figs. 5 and 8 no. 11-12). The muscles diverge from each side of this tendon and
become attached bilaterally of the clypeo-labrum. On the lateral side of the
valve a muscle (lateral pharyngeal valve muscle) is inserted originating from the
lateral wall of the clypeus. In embryos the valve is open (Fig. 8 no. 10-12), but
in Jarvae it is always found in a closed position (Fig. 8 no. 10’~11°). In the latter
situation the opposite pharynx protuberances and the valve itself fit closely
together.

The pharyngeal pump or sucking pump continues from the valve and
traverses the middle region of the head through the oesophageal connectives to
join the foregut in front of the tentorial bar (Fig. 5). It acts as a pumping
organ to bring the liquid food through the food canal and to force it into the
foregut. The movement of the flexible dorsal wall of the sucking pump is con-
trolled by divaricator muscles. In the anterior part they are attached to 13 long
tendons arising from the midline of the dorsal pump-wall (Fig. 8 no. 13). The
muscles pass from each side of the tendon; the first 5 pairs of muscles become
attached to the wall of the clypeo-labrum, while the next 8 pairs to the wall of

Fig. 4. Sagittal section of a man-
dibular stylet (md} and its retort-
shaped organ (mdr) of a one day
old Myzus persicae larva showing
position of the epidermal cells (epc)
and the matrix cells (mac.) For
explanation of abbreviations see
pages 144 -147,
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the clypeus {Figs. 5 and 6). The middle part of the pump is provided with short
tendons placed in 14 pairs, each of them inserted with a muscle originating
from the clypeal wall (Fig. 8 no. 14). In the posterior part of the pump 2 pairs of
muscles are directly inserted on the dorsal wall originating from the wall of the
epicranium (Fig. 8 no. 15). They run between the tritocerebral lobes and are
‘innervated by branches from the recurrent nerve (Fig. 30). All dorsal pump
muscles have their origin on each side of the mediodorsal line of the head. Close
to the tentorial bar the floor of the pharyngeal pump is directly attached by
muscles, one pair originating from the tentorial bar (ventral pharyngeal pump -
muscles), and one pair from the piston of the salivary pump (retractor muscle of
salivary pump piston} (Figs. 5 and 19).

Foregut. The forcgut {oesophagus) is a uniform thin tube which runs
posteriad between the two principal salivary glands and dorsally of the suboeso-
phageal ganglion to terminate into the oesophageal valve half-way the thoracic
ganglion (Figs. 3 and 9). The foregut of the larva consists of a single laver of
squamous epithelial cells resting upon a basement membrane (Fig. 32 Z). The
cells contain homogeneous, basophilic cytoplasm in which occur few small
vacuoles. The inner walls of the cells protrude into the lumen and are lined with
an intima forming a stellate narrow lumen, At the connection with the midgut,
where the foregut continues into the oesophageal valve, the lumen gradually
dilates (Fig. 9). The cells of the larval foregut were observed to increase in size
during larval life (Fig. 32 Z"). This fact agrees with the increase of the length and
width of the foregut, and the absence of cell divisions; the latter fact corres-
ponds with only a small variation in cell numbers during larval life (Table 4).
By ageing the cells flatten and become situated around a wide [lumen ; the optical
properties remain the same although the number of vacuoles increases some-
what. Their elliptical nuclei and spherical nucleeli which also increase in size
(Table 4), retain their original structure, characterized by a regularly scattered
basophilic chromatin and an eosinophilic nucleolus.

Oesophageal valve. The oesophageal valve marks the junction of the
foregut and the stomach (Fig. 9). The role of the valve is to prevent regurgita-
tion of ingested food from the stomach to the foregut (DAvIDSON, 1914; SMITH,
1931; WaTson, 1938; DAy and IRZYKIEWICZ, 1953), although it does not have
any muscle fibres (WEBER, 1928; FORBES, 1964a). This was clearly demonstrated
when in dissections the alimentary canal was cut half-way the foregut in dissect-
ing fluid. Even then, no contents of the mid and hindgut were lost. Only after
intersecting of the intestine, the contents of the alimentary canal flew out.
Further it was observed that the valve has an apple-shaped structure closely
adjacent to the anterior part of the stomach cells (WATsoN, personal communi-
cation). .

The valve consists of two layers of cells of which the inner layer is the con-
tinuation of the foregut into the stomach (Fig. 9A). This layer consists of squa-
mous epithelial cells being somewhat flattened and of which the optical com-
position is similar to those of the foregut. The outer layer consists of cuboidal
epithelial cells; they contain homogeneous basophilic cytoplasm in which occur
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vacuoles and strongly basophilic irregular-shaped globules peripherally in the
apical part. Each cell contains a spherical nucleus which occupies a large part of
the cell, with regular scattered basophilic chromatin and an eosinophilic
nucleolus. The data obtained on the length and maximum width of the valve,
and the just slight variation in cell numbers of the outer layer in each larval
" stage (Table 4) indicate that the cells increase in size during larval life (Fig.
10 A’). No cells were observed in division. The cells retain their shape and
* structure; their nuclei and nucleoli increase in size proportionally to that of the
valve, and their optical composition remains similar. The two celltypes of the
valve rest upon a basement membrane; this membrane is a continuation of that
of the foregut and passes into the basement membrane of the stomach. The
intima of the foregut continues in the region of the valve and terminates at the
" base of it (Fig. 9). It is a colourless mass without any structures.

MoerICKE and MITTLER (1966) reported the occurrence in the stomach of
aduit aphids (M. persicae, Brevicoryne brassicae, and Lipaphis pseudobrassicae;
Table 9) of four chitinous cuticular linings of the foregut and oesophageal valve
of each of the four larval instars. These four thread-like structures, which some-
times clearly have a distinct swelling at one end, pass back into the stomach at
each moult and remain there throughout the life of the aphid.

Midgut. The midgut is differentiated into two regions, the first greatly
enlarged and forming the stomach, the second tubular and forming the intes-
tine (Fig. 11). The anterior part of the stomach is situated closely to the prin-
cipal salivary glands above the metathoracic ganglion (Fig. 3). In the abdomen
it extends nearly as far as the bridge of the mycetome. The second region of the
midgut or intestine is coiled and terminates into the hindgut. The course of it is
shown in Fig. 11. The epithelium of the entire midgut consists of a single layer
of cells resting upon a basement membrane joining the epithelial cells of the
valve. During larval life the midgut expands reaching at the ninth day a size of
about twice the original value (Table 4). In the case of the stomach the growth
is more in the width than in the length. Cell divisions are never observed in the
midgut; this agrees with the fact that the total number of cells between the
various ages is nearly equal. From this it can be concluded that the growth of
the midgut is merely the result of increase in cell size. The stomach has relatively
more cells than the intestine, although the length of the latter is about six times
longer; the basal part of the intestinal cells is also more elongated than that of
the siomach (Table 4). Each cell contains a nucleus with regular scattered
basophilic chromatin and an eosinopholic nucleolus. The nuclei and nucleoli
increase in size proportionally to the midgut size, and retain their structure; the
nucleoli contain small vacuoles which increase in size and number.

In the stomach three regions may be distinguished which are well-defined
histologically (Fig. 9). The anterior region (Fig. 9 A) consists of cuboidal
epithelial cells which contain nonhomogeneous basophilic cytoplasm filled with

. very small vacuoles. The cells increase in size and become gradually flattened
on their apical part during larval life (Fig. 10 A’). The spherical nuclei are
situated in the centre of the cell and become transformed in oval-shaped
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FIG. 6. Dorsal aspect of
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old Myzus persicae larva,
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the plane through which
the transverse serial seC
tions 1-18 in' Figs, 7and -
8 have passed. For expla- -
- nation of ‘abbreviations
"s¢e pages 144-147. '

Meded. Landbouwhogeschool Wageningen 72-16 ( 1972)

26



structures, The middle region of the stomach is occupied by tall, fingerlike
columnar digestive cells, which protrude far into the lumen. They contain
nonhomogeneous basophilic cytoplasm in which occur numerous vacuoles of
various sizes and clusters of strongly basophilic granules, especially in the
apical part of the cell (Fig. 9 B, 1). Subsequently the inner part of the cell
constricts (2) by forming of a new striated border (3); the separated part sur-
rounded by a striated zone is pushed off into the stomach lumen (4) and under-
goes a gradual dissolution. The cell continues to increase in size (5) and during
growth vacuoles and basophilic granules develop in the cytoplasm. This
secretory cycle is repeated by all the cells in the middle region of the stomach
during larval life and continues in the adult stage without degeneration of cells
(Fig. 10 B’). Each cell contains a nucleus which retains its structure; the nuclei
are situated mainly in the basal region of the cefl. On the ninth day (just adult
stage) in some nuclei strongly basophilic clusters of chromatin material develop
(Fig. 10 B'). The epithelium of the posterior region of the stomach is cuboidal.
These digestive cells contain nonhomogeneous basophilic cytoplasm in which
occur some large vacuoles. The cells secrete material by forming buds which
swell and extend between the rods of the striated border (Fig. 9 C). These small
swellings become constricted at their base and dissolve into the lumen. The
forming of buds continues during larval life and proceeds into the adult stage
without degeneration of cells; the cells increase in size and retain their form and
structure (Fig. 10 C"). The spherical nuclei in central position gradually develop
into oval forms protruding into the stomach [umen,

The intestine is the tubular continuation of the stomach and can be divided
histologically into two distinct paris. The first part is a small tube which runs
from the stomach to the voluminous coil extending far into the abdomen (Fig.
11); from there it passes gradually into a broader one forming the second part
of the intestine which terminates abruptly by constriction in the hindgut. The
average diameter and length of both parts increases during larval life; the
second part is about twice as long as the first part (Table 4). The large squa-
mous cells of the first part protrude far into the lumen forming an irregular
stellate narrow lumen (Fig. 11 D). They contain nonhomogeneous basophilic
cytoplasm with some vacuoles and basophilic globules; their nuclei are spheri-
cal to ovoid. In the second part of the intestine (Fig. 11 E} the cells are situated
around a wide lumen; they are strongly vacuolated and the cytoplasm is homo-
geneous basophilic. Their nuclei and nucleoli are large and ovoid.

The basal cytoplasm of the entire midgut epithelial cells is finely striated, and
" their free surface is lined by a striated border,

Hindgut. The hindgut starts in the mesothorax and runs caudad ventrally of
the stomach and dorsaily of the voluminous coil of the intestine towards a rectal
canal (Fig. 11). The structure of the wall of the hindgut differs from that of the
midgut, It is highly transparent and dilates gradually to reach its maximum size
just behind the mycetome bridge (Fig. 3). The larval hindgut consists of a single
layer of long squamous epithelial cells resting upon a basement membrane.
During larval life a considerable part of the cells is occupied by vesicles sur-
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FiG. 7. Transverse serial sections 1-8 taken from

spond with the numbers given in Figs, 5 and 6.
144-147, .

embryos in a nine days old larva and corre-
For explanation of abbreviations see pages
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rounded by clusters of basophilic granules (Fig. 26 P). Inside the vesicles waxy
droplets occur which increase in number by ageing of the larvae. The waxy
droplets originating from degenerating fat cells are also present in the lumen and
against the inner wall of the hindgut. Their optical image is similar to that
present in degenerating fat cells and in the haemolymph. In the haemolymph
they are scattered throughout the body cavity and a considerable number of

Fic. 8. Transverse serial sections 9-15 taken from embryos in a nine days old larva and
correspond with the numbers given in Figs. 5 and 6. In the sections 10-12 the pharyngeal
valve is in an open position, whereas in the transverse sections 10" and 117 it is in a closed
position. These both sections are taken from a one day cld larva. For explanation of abbrevia-
tions see pages 144-147. .
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them are situated against the tunica propria of the hindgut. The inner wall of
the cells is strongly folded and coated by a delicate intima which continues in
that of the rectum. Some parts of the cells show a mass of minute projections
into the lumen and it was found that some of them are enclosed by a waxy
droplet (Fig. 26 P and P*). The growth of the larval hindgut is a result solely of
increase in cell size and not of cell division (Table 4). The long ellipsoid-shaped
nuclei which project into the lumen, retain their regular scattered basophilic
chromatin and a proportionally very small spherical eosinophilic nucleolus.

The rectum starts ventrally of the posterior end of the dorsal vessel to ter-
minate as a narrow tube into the anal opening (Fig. 3). At the ventral side the .
hindgut passes into the rectum, dorsally it continues its course, to terminate in a
dorsal rectal sac (Fig. 12 F). During larval life the rectal sac gradually disappears
to form, together with the posterior part of the rectum, a rather straight duct.
The rectal sac is innervated by a nerve originating from the medio-dorsal
nervecord which runs alongside the dorsal vessel.

Histologically the rectum can be divided into two distinct parts, each part
being covered with a single layer of epithelial cells resting upon a basement
membrane. The anterior part of the rectum is composed of columnar cells quite
different from the epithelial cells of the hindgut. The cells contain homogeneous,
strongly basophilic cytoplasm with a proportionally big nucleus. The ovoid-
shaped nuclei contain regularly scattered basophilic chromatin and a spherical
eosinophilic nucleolus (Fig. 12 F). By ageing of the larvae the cells increase in
size more than the nuclei (Fig. 12 G and H). The cytoplasm, in which vacuoles
and strongly basophilic globules arise, becomes less basophilic. The vacuoles
increase in size and number, so that the nuclei become somewhat pressed. The
basal part of these cells shows laminated structures. The inner wall is coated by
a delicate intima similar to that of the hindgut. On their surface small vesicles or
exudations arise, which are being liberated into the lumen; it is possible that
these cells have a secretory function, releasing their product by way of minute

~ projections. Cell divisions are never observed and the total number of these
cells remains nearly constant (Table 4).

The posterior part of the rectum can be considered as an invagination of the

epidermis (Fig. 12 F). These cells are covered by a distinct intima which is a
‘ contipuation of the outer layer of the cuticula of the body wall, Near the anal
opening muscle fibres are attached to the intima, originating laterally and
C!orsally from the wall of the ninth abdominal segment or cauda. During larval
life of M. persicae the canda is obtusely rounded, broader at the base than long;

the adult cauda is longer than broad and sub-conical to spoon-shaped (SyL-
VESTER, 1954), '

F]G..9. Graphic reconstruction of the stomach and vesophageal valve of a one day old Myzus

persicaelarva. A, Transverse section of the anterior region of the stomach with the ocsophageal

valve. B. Transve_rsei section of the middle region of the stomach showing secretory cells which
_ secrete by constrlgtlon of their apical parts. C. Transverse section of the posterior region of

the sto::nach. showing celis which secrete by forming of buds. The letters A-C correspond with
- those given in Fig, 3. For explanation of abbreviations see pages 144-147.
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Fic. 10. Transverse sections of the stormach and oesophageal valve of a nine days old Iarva.

The position of the sections A%C* correspond with A-C given in Fig. 9. For explanation of
abbreviations see pages 144-147.

Salivary gland

The salivary gland system is paired and situated at both sides of the foregut
and dorsal vessel, Each latera] gland system is composed of a branched salivary
duct which terminates in large acinoid gland cells (Figs. 1 and 13). The two
terminal parts are distinguished respectively as the principal gland and the
d anterior to the corresponding principal
lly of the suboesophageal ganglion, while
ve the first and second thoracic ganglion,
ands join to a single one which runs further

gland. The accessory glands lie dorsa
the principal glands are situated abo
The ducts from both ipsilateral gl
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ventrally around the junction of the suboesophageal and the thoracic ganglion
to form, together with the contralateral duct, a common salivary duct. The
- common duct runs forwards medio-rostrally beneath the suboesophageal
ganglion, and turns downwards to the hypopharynx (Fig. 3). It becomes greatly
reduced in diameter and passes into the afferent duct following the median line
beneath the salivary pump., Then it turns upwards, forming an S-shaped
flexure, and enters into the pump chamber at the ventral side of the pump
. cylinder (Fig. 5).

Accessory gland. This gland is composed of 3-4 cells of uniform size
situated around the termination of the salivary duct (Fig. 13 A). The gland is
enclosed by a thin basement membrane passing into that of the external salivary

_ duct. The cells contain homogeneous acidophilic cytoplasm in which occur
vacuoles and small areas of basophilic granules of about 0.35 (1. The basal part
of these cells shows laminated structures. Moreover, in the cytoplasm many
branching thread-like canaliculi occur, which are in connection with the termin-
ation of the chitinous lumen of the salivary duct; these intracellular canaliculi
bear a delicate striation (Fig. 14). Each cell contains a nucleus with regularly
scattered basophilic chromatin and an eosinophilic nucleolus; in the latter
occur sometimes one or more vacuoles. During larval life the cell, nucleus, and
nucleolus enlarge (Fig. 14), while the optical composition does not change. The
average diameter of the nuclei and nucleoli is given in Table 5.

A high concentration of waxy droplets are situated around the accessory
glands; many of these droplets are in an intimate association with the basement
membrane. However, they are never observed inside the cells as described for
the hindgut. .

Principal gland. The principal gland is composed of two lobes which
anteriotly harbour the ‘Deckzellen’ and posteriorly the ‘Hauptzellen® (Fig.
13 A). These german terms originate from WEBER (1928). In smear prepara-
tions the Deckzellen are clearly distinguished from the Hauptzellen; the latter
stain more intensively than the Deckzellen, being translucent. This was already
observed by WiTLAcZIL (1882) for different aphid species (Table 9).

The two lobes are enclosed by a thin basement membrane being a continua-
tion of that of the external salivary duct. Each lobe is composed of six Deck-
zellen and fifteen Hauptzellen which are situated around the internal salivary
duct. Considering the type of cytoplasm, the shape of the cell, the size of the
nucleus and nucleolus, the six Deckzellen can be distinguished in two, and the
fifteen Hauptzellen in six different types (Fig. 14).

Celltype 1 contains nonhomogeneous basophilic cytoplasm in which occur
vacuoles of various size and strongly basophilic inclusions; the latter are
mainly situated in the basal region of the cell. _

Celltype 2 contains homogeneous acidaphilic cytoplasm in which occur many
vacuoles of various size, especially in the basal region, and areas of basophilic
granules of about 0.70 y scattered between the vacuoles; a compact mass of
these granules is situated in the apical region of the cell. _

Celltype 3 contains homogeneous strongly basophilic cytoplasm filled with
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Tante 5, The average diameter of nucleus and nucleolus of the several celltypes in the salivary glands of Myzus persia

tavvae bred on Chinese cabbage seedlings at 20° C, The values are given in (1.

Age One day old larva® Three days old larva
Salivary gland Celltype Nucleus Nucleolus Nucleus Nucleolus
Accessory
gland 90405201 33+012(7D{] 98£039[.1] 34£014(8) [14
Principal gland .
‘Deckzellen’ 1 58 £ 026011 204£002(4)[1] 7240270121 22+£004(4 [
2 63+022[1] 21 +012¢0)[1] 8.2+4026[1.3] 2.5+006(0 [!111
‘Hauptzellen’ 3 10210371 491 044( H[1] 123 :054[12] 55.£032(9 [}-é
4 8.3 £ 0.35[1] 354+ 025(8[1] 83+034[t0] 3.7:+£012(8 [14|
5 6.3 4 0.38 [1] 2.2 £ 016(10)[1] 7.7 +026[1.2] 3.0 £012(10)[ 1
6 52 4+ 02311 1.8 4 0.16{ B)[I] 6.8 4+ 030[1.3) 20 £004( 8 [lﬂ
7 184 00011] L1L004(8)[1] 45+016[12] 13+002(8l
8 9.7 -+ 0.26 {1] 284 011 ( 8)[i] 11.8+035012] 28+0.10(8 [} I
Duct cells 44 L£011[11 05 +005(1 [ 53 1:007(1.2] 14082 (o4

1The data are obtained from one larva )

The sign + is followed by the standard deviation of the mean (s{4/1n)
() Number of nuclei with their nucleoli measured

[ 1 Relative sizes on basis of sizeat L dayas

clusters of basophilic granules varying between 0.35 and 2.70 1; a compact
mass of granules and some vacuoles occur in the apical region of the cell.

Celitype 4. The composition of this celltype is the same as described for cell-
type 3.

Celltype 5 contains nonhomogeneous acidophilic cytoplasm, in whlch occur
basophilic granules of about 0.70 p. and vacuoles; the granules are scatiered in
the cytoplasm or form a compact mass of clusters and thread-like structures.

Celltype 6. The cytoplasm of this celltype shows a polar feature, the basal
region being basophilic with some vacuoles while the apical region is acido-
philic; the whole cell is filled with a compact mass of granules of about 0.70
which are basophilic in the basal region and acidophilic in the apical region of
the cell.

Celltype 7 contains homogeneous, strongly basophilic cytoplasm, filled with
a compact mass of basophilic granules of about 0.70 1+ and some vacuoles.

. Celltype 8 consists of nonhomogeneous acidophilic cytoplasm strongly
vacuolated with basophilic granules of about 0.50 it

Each of all these celltypes contains a nucleus with regularly scattered baso-
philic chromatin and an eosinophilic nucleolus. The nucleus of celltype 3 is very
large with a proportionally very big nucleolus provided with vacuoles. Although
the composition of the cytoplasm of celltype 4 is the same as that of celltype 3,

- the nucleus of the former is smaller just like the nucleolus. On the other hand

the big flucleus of celltype & contains one or sometimes two nucleoli, small in
proportion to the nuclens. The average diameter of the nuclei and nucleoli are
given in Table 5. This table shows that the size of the nuclei and nucleoli are
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Five days old larva Seven days old larva Nine days old larva

Nucleus " Nucleolus Nucleus Nucleolus Nucleus Nucleclus

104 £ 0.43[1.2) 3.5 +0.13( 8)[1.1] 10.6 & 0.32 [1.2] 3.2 4015( 8)[1.0] 12.5 £ 0.50[1.4] 3.8 - 0.10( 8)[1.2]

73 £025[1.3] 22 + 0.14( 4 [1.1] 8.0+ 042[1.4] 2.1 + 0.06( 4 [1.1] 82 + 034 [1.4] 2.4 + 0.11 ( 4 [1.2]
8.0 0.26({1.3] 2.3 = 0.09(10)[1.1] 8.7 & 0.33 {1.4] 2.6 + 0.08 (10) [1.2] 8.8 & 0.29 [1.4] 2.5 = 0.06 (10) [1.2]
11.2 £ 026 [1.1] 4.7 + 0.17¢ 4)[1.0] 15.7 + 0.98 [1.5] 6.7 + 0.41( 4) [L.4] 13.5 + 038 [1.3] 5.7 = 0.28{ 4) [1.2]
9.5 0.31[1.1] 4.4 & 0.11( 8) [1.3] 109 + 0.33 [1.3] 4.2 + 0.14(10) [1.2] 9.7 + 0.27 [1.2] 4.0 = 0.12( 8) [1.1]
8.0 £ 0.26 [1.3] 3.2 4 0.14(10) [1.5] 8.3 3 0.18[1.3] 2.9 + 0.11 (10) [1.3] 8.4 + 0.28 [1.3] 2.7 + 0.10 (10) [1.2]
6.9+ 0.26[1.3] 23 £ 0.08( 8)[1.3] 6.8 £ 0.20[L.3] 1.7 £ 0.09( 8)[09] 6.1 +0.14[1.2] 1.9 + 0.06( 8 [1.1]
4.9 +0.15[1.3] 1.5 1-0.05( &) [1.4] 5.6 £ 0.15[1.5] 1.5+ 0.05( 8) [1.4] 4.8 = 0.11 [1.3] 1.4 = 0.06( 8) [L.3]
105 4+ 023[1.2] 3.3 £ 0.19( 8 [1.2] 127 + 0.35 [1.3] 2.7 + 0.11( 8) [1.0] 10.8 + 0.41 [1.1] 2.8 £ 0.10( 8) [1.0]
5.5 £ 020[1.3] 1.4 +0.02(10)[1.6] 5.5 + 014[1.3] 1.4 £ 0.02(10)[1.6] 6.1 + 0.17 [1.4] 1.4  0.04 (10) [1.6]

correlated with the optical composition of the c¢ytoplasm and cellsize of the
different celltypes (Fig. 14). The difference between the average diameter of the
nucleus and nucleolus of celltype 1 and 2 (Deckzellen) is very small; the
division of the Deckzellen in two types is based on the compeosition of the cyto-
plasm and on the size of the cells (celltype 1 is much smaller than those of the

TasLE 6. The total number of cells of the accessory and the principal glands of Myzus persicae
during larval life,

Salivary gland Celitype Left salivary gland Right salivary gland
Number of cells Number of cells
Accesso-  Principal gland  Accesso-  Principal gland
land ——— —— rygand T——————
Yeand  Tet  Right O ° Left  Right
iobe lobe lobe lobe
Accessory gland 4 ’ 4
Principal gland
‘Deckzellen’ I 1 1 1 1
2 5 5 5 5
‘Hauptzellen’ 3 1 1 1 I
4 2 2 2 2
5 6 6 6 6
6 2 2 2 2
7 2 2 2 2
8 2 2 2 2
Total number of
of cells 4 21 21 4 21 21
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remaining Deckzellen). During larval life the cell, nucleus, and nucleolus
enlarge; the composition of the cytoplasm and that of the nucleus and nucleolus
does not change. During this time the number of cells per lobe belonging to
each celltype remains constant. Table 6 gives a survey of these numbers for alt
larval ages. In one case (seven days old larva) each of the two lobes of the left
principal gland contained three cells of celltype 4 instead of two, and five cells of
celltype 5 instead of six; the total number of each lobe remained constant. This
implies the absence of cell divisions which have never been observed.

Notwithstanding the age of the larva during larval life, the topographical
position of ail the afore-mentioned celltypes is constant in each lobe of the
principal gland (Fig. 13A). Each lobe consists of six Deckzellen of which cell-
type 1 lies adjacent partly around the entrance of the salivary duct; the re-
maining five Deckzellen (celitype 2) are situated successively around celltype 1.
From the Hauptzellen celltype 3 is a very distinct large cell exteriorly of the -
lobe; this biggest cell of each lobe is at the top partly covered by the Deckzellen
and from below by two cells of celltype 4. Partly interior each lobe is composed
of two big cells (celltype 8). In the distal region of each Iobe six cells {celltype 5)
are situated around the salivary duct. The terminal portion of each salivary
duct is bounded rostrally by the two smallest cells of each lobe (celltype 7), and
distally by the two cells of celltype 6.

In each lobe of the principal gland the secrctory cells are situated around the
internal salivary duct. Each of them is connected with the chitinous lumen of
the salivary duct by an intercellular secretory canaliculum, These canaliculi are
alrcady observed in the principal salivary glands of Schizoneura ulmi, Aphis
sambuci, Chermes abietis (MARK, 1877), Aphis fubae (WEBER, 1928), Lachnus
Ppiceae (LEONHARDT, 1940), and Dactylosphaera vitifolii (RILLING, 1967) (Table
9). Electron microscopicaily the canaliculum terminates in an invagination of
the apical cell surface of the gland cell. These invaginations bear a few short,
irregularly oriented microvilli (Fig. 15). The release of the secretory granules
from the gland cells into the secretory canaticuli takes place in the same way as
described in detail for the pancreatic acinar cells {Broom and FAwcETT, 1969).

Salivary duct. The entire salivary duct is formed by a cylinder of cuboidal
epithelial cells surrounding a chitinous lumen (Figs. 3 and 13 A). The external
part of the salivary duct is enclosed by a thin basement membrane which is con-
tinuous with that of the two glands. In the accessory gland the lumen of the
internal duct splits at its termination into very delicate canalicuyli, They run via
the intercellular spaces of the duct cells into the accessory cells, in which they
further branch (Fig. 14). After the entrance vary. i inci

- 14). of the salivary duct in the principal

F1c. 11. Dorsal aspect of a
Myzus persicae larva, D. T,

! . minous coil of intestine (vci) to the
hindgut (hg). The transverse sections [’ and E’ are those of a nine days old larva. The letters

F,L,P,and R correspond with transverse sections given in Ei
- \ € en in Figs. =27, -
tion of abbreviations see pages 144-147, : y : 12284 25-27. For caplana
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secretory rectal cells (rec) of 4 nine days old larva,

part of the rectum showing secretory rectal cells (rec) and epidermat cells (epc) of the integu-
mental invagination of g nine days old larva

. For explanation of abbreviations seg pages
144 -143.

gland it divides into two ducts.
lobe, receiving throughout its ¢
gland cells (Figs. 13 A),

The duct cells of the entire saliva
size in a homogeneous acidophili
basophilic cytoplasm, especially in
ries are not clearly defined ; their dis
philic chromatin and a spherical e
divisions are never ohserved.

40

Each of them runs through the substance of the
ourse the intercellular canaliculi of the secretory

1y duct show numerous vacuoles of various
¢ cytoplasm; some cells, however, contain
the region of the Deckzellen. Cell bounda-
tinct nuclei contain re gularly scattered baso-
osinophilic nucleolus. During larval life cell
The nuclei and their nucleoli increase in size
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(Table 5) and retain their optical composition just like that of the cytoplasm.
The vacuoles in the cytoplasm increase in size and number. Granules are absent
in duct cells.

Around the chitinous lumen the apical surface of the duct cells is finely
striated. Similar striae are already observed by T6TH (1936) and ForTIN (1958)
for several other aphid species. Especially in the common salivary duct the
striae are very long and penetrate one-half of the depth of the duct cells (Fig.
13 B). In this part of the salivary duct the duct cells are also bigger. Electron
microscopically the duct cells have been studied by MoErtCKE and WOHLFARTH-
BOTTERMANN (1960b). The striae appear to be microvilli which are regularly
criented around a chitinous lumen (Fig. 16 B and C). In the external salivary
duct the lining of the lumen is very thick, but after entering the principal gland
it graduaily becomes thinner. The substance of the wall has the same optical
density as the outer layer of the cuticule. In the salivary glands of Schizoneura
ulmi, Aphis sambuci, and Chermes abietis treated with KOH, Mazrk (1877)
showed that the substance of the luminal wall of the entire salivary duct con-
sists of chitin. A cuticular lining is also found in the aphids Chermes lapponicus
{CHOLODKOSVKY, 1905), Stomaphis graffii, Cinara pinihabitans, Megoura aconiti
(Té1H, 1936), and Macrosiphum solanifolii (FORTIN, 1358) (Table 9).

Myoepithelioid cell. The distal parts of the two lobes of the principal
gland are connected by a mass of thread-like structures with an eccentrically
placed nucleus: a myoepithelioid cell. The distinct nucleus contains regularly
scattered basophilic chromatin and an eosinophilic nucleolus (Fig. 13 A and D).
The lumen of both salivary ducts terminates in this cell.

Electron microscopically the bulk of the cytoplasm is occupied by myofibrils
of varying width (Fig. 15). Within these myofibrils contractile material is visible
characterized by typical Z-lines and arrays of parallel arrangements of myofila-
ments (Fig. 16 A). Between the myofibrils a large number of small vesicles can
be observed, presumably sarcoplasmic reticutum (Fig. 17 A). At the periphery
of this contractile mass some mitochondria and many vacuoles occur. At the
border of this mass axon terminals can be recognized, filled with large numbers
of synaptic vesicles (Fig. 15). )

The myofibrils are otiented in an interwoven pattern and it seems that the
myofibrils branch into bundles of myofilaments. They are attached to the cell
surface through which the myoepithelioid cell acquires an irregular form. .Thc?
surface of the myoepithelioid cell, bordered by the four intercelll:xlar canaticuli
of celltype 7 and the termination of both ducts, is strongly folded inward. These
irregularly oriented processes are closely packed forming a labyrinthine system
of clefts between them (Fig. 15, see arrows). o )

. Tn each principal gland the myoepithelioid cell is innervated by a paired nerve
of the medial dorsal nervous sytem. This sytem passcs along the dorsal vessel
(Fig. 13 A). One branch of the paired nerve enters the right lobe of the left
principal gland, while the other one enters the left lobe of the right principal
gland between the two gland cells of celltype 6. At the attachment to the gland
the nerve contains a nucleus with regularly scattered basophilic chromatin and
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Fia.13. A. Graphic reconstruction
old Myzus persicae larva illustrating the ptincipal gland (psg),
salivary duct, and the common salivary duct (csd), Each lobe
posed of eight types of gland cells (1-8) situated around the ;

of the salivary gland from traﬁsverse sections of a five days
the accessory gland (asg), }he
of the principal gland is com-
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Fi1G. 14. Histological composition
of the gland cells in the accessory
(asg) and the principal salivary
gland (psg) at the first (A) and last

day (B) of the larval period of

Myzus persicae. The celltypes cor-
respond with those given in Fig.

13 A, C, and D. Forexplanation of .

abbreviations see pages 144-147.
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an eosinophilic nucleolus. Axon terminals filled with synaptic vesicles, mito-
chondria, and microtubuli are visible in the nerve. The neurilemma passes into
the basement membrance of the salivary gland (Figs. 17 B and I8).

The presence of a myoepithelioid cell between the terminal parts of both
salivary ducts suggests, that hacmolymph can be taken up by contraction of the
myofibrils into the lumen of both ducts. Via the duct lumina it can be transported
through the salivary pump into the plant. To test the value of this supposition,
larval aphids were injected via the cornicles with 1.5% Evans blue in 0.85%
NaCl. After anaesthesia the aphids were allowed to feed during 16-24 hours on
Chinese cabbage seedlings. Dissection showed that in the salivary glands only
the myoepithelioid cell and both lumina of the salivary duct were stained inten-
sively blue in contrast to the remaining part of the salivary glands being colour-
less. This result indicates that both lumina of each principal gland communicate
with the haemolymph by means of the myoepithelioid cell. However, contrac-
tions of the myofibrils in the myoepithelioid cell of dissected aphids have so far
never been observed.

Salivary pump. The salivary pump lies in the hypopharynx beneath the
pharyngeal pump (Figs. 5 and 19). It consists of a chitinous tulip-shaped
cylinder and a pumpstem both of which have the same optical density as the
outer layer of the cuticule. In its open end there fits a U-shaped piston con-
necting with their lips on the edge of the cylinder. It differs optically from the
chitin of the cylinder itself. The middle of the piston is provided with a tendon
to which muscles are attached originating from the tentorial bar and the pha-
ryngeal pump. The cylinder shows on both sides a chitinous proiection on which
muscles are attached; these muscles originate from a chitinous ridge (called
ventral rods by DaviDson, 1914) leading from the hypopharynx wall to the
tentorial bar. Similar muscles are also found in Schizoneura americana (MILLER,
1933) and Aphis (Doralis) Jrangulae (ROBERTI, 1946) as well as in several
psyllids (WEBER, 1929) (Table 9).

On the ventral side the pumpceylinder reccives the common afferent salivary
duct as an S-shaped flexure (Fig. 3). At the place of entry the opening is con-
trolled by two small bands of muscles originating from the chitinous ridges.
A similar construction is described by DAVIDSON (1914) for Schizoneura lanigera
and by RILLING (1960) for Dactylosphaera vitifolii (Table 9). In electron micro-

Fic. 15. Electron micrograph of the posterior region of the principal salivary gland of Myzus

s of celltype 7, two duct cells with their nuclei (sdc), two
glan'd cells of celltype 6, and the myoepithelioid cell (mc) (sce Fig. 13 A), The myoepithelioid
cell is occupied by myofibrils which are oriented in an interwoven pattern. At its border axon
terminals (at) filled with synaptic vesicles are visible. The surface of the myoepithelioid cell,
[:nounded by the canaliculum (isc) of celltype 7 (left side) and both d

surface of the gland cells (celltypes 7, and o
a few short, itregularly oriented microvilli,
vacuoles (va). Magnification: 10,500,

44

n the right side celltype 6), The invaginations bear
In the duct cells occur many mitochondria (m)and
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-Fic. 16. A, Electron micrograph of an areq of the myoepithelioid cell in which the myofibrils

(mbj are oriented in an itterwoven pattern and in transverse section are seen as small dots. Tt

cells has regularly oriented long infoldings (microvilli)

which are situated around the chitinous lumen. Note the presence of desmosames (dm).

- Magnification: % 10,000,
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Fic. 17. A. Electron micrograph of an area of the myoepithelioid cell. Between the myofibrils
{mb) is a large number of small vesicles (v} presumably sarcoplasmic reticulum. At the peri-
phery of this contractile mass some mitochondria (m) and many large vacuoles (va) occur.
Magnification: x 22,000, B. Electron micrograph of the entrance of a branch of the medial
dorsal nerve (N2) between two gland cells (celltype 6) of the principal gland (see Fig. 13 A).
Note the glial processes of a supporting cell (gc). Magnification: x 7,600.
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Fig. 18, The same nerve as in F -
sence of axon terminals (at) filled with synaptic vesicles (sv), mitochondria (m), microtubuli

ig. 17 B at a higher magnification, characterized by the pre-

(mt), and glial processes. The neurilemma passes into the
salivary gland (arrow). Magnification: x 28,000.
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graphs it appeared that in the leafhopper, Macrosteles fascifrons STAL, the
opening of the afferent duct is regulated by a flap valve. This valve allows the
saliva to enter the pumpchamber and prevents it from flowing back (RAINE and
FoRragEs, 1971), :

The exit opening from the pumpchamber is situated on the distal end of the
pumpeylinder, and leads into the pumpstem as a narrow duct. On the foot of
the pumpstem the duct is somewhat dilated and is provided with two sensillum
pores. The duct passes into the efferent salivary duct and runs in the median
line on the ventral side of the hypopharynx lip to terminate in the salivary canal
enclosed by the maxillary stylets (Figs. 5 and 7 no. 5-8).

Mesodermal derivates

The larval mesodermal tissue of M, persicae consists of a mixed cell popul-
ation. It forms a continuous sheet situated in the body cavity against the body
wall and drained by the haemolymph. In the head the sheet is a single layer of
cells which enter between the various organs (Fig. 30). In the posterior region of
the head the sheet acquires a thickness of about 2-3 cell layers (Fig. 32 Z) which
extends further into the last abdominal segment. On the lateral sides of the
thorax (Fig. 20) and on those of the anterior part of the abdomen it has a
thickness of about 5 cell layers. The mesodermal tissue is present in all appen-
dages of the aphid. '

Histologically the mesodermal tissue shows three distinct types of cells (Figs.
20 and 32 Z). Most numerous are the fat cells, characterized by a strong vacuo-
lization of their cytoplasm, the vacuoles being filled with a yellow oil-like sub-
stance. The second type of cells are evenly situated among the fat cells. They
can be distinguished from the latter by their homogeneous basophilic cytoplasm
without any structures. These cells are called basophilic mesodermal cells.
Mainly distributed along the surface of the mesodermal tissue are the much
smaller connective tissue cells. The visible processes of these cells seem to form
a complicated network of delicate membranes supporting the mesodermal tissue
Numerous finely branching tracheae concur with this membranous construc-
tion,

The first mesodermal cells are observed in the eldest embryo of a three days
old larva in the area anterior of the future cornicles (Fig. 22, 1). During em-
bryonic development the number of mesodermal cells continuously increases
by ceil divisions; the direction of cell divisions is from the site of origin both
anteriad and posteriad (Fig. 22, 1-3). The somewhat spherical embryonic
mesodermal cells contain homogeneous basophilic cytoplasm. Each of them
consists of a-conspicuous spherical nucleus with regularly scattered basophilic
chromatin and an cosinophilic nucleolus (Fig. 22, celitype A).

In the eldest embryo of a five days old larva the embryonic mesodermal cells
lying in the area of origin start to develop into fat cells. These cells are charac-
terized by the forming of 1--2 lipid droplets in their cytoplasm (Fig. 22, 2 B).
Thereafter the fat cells increase in size and many lipid droplets f:lris'e in the cyto-
plasm (Fig. 22, 3C). At the same time some other cells of this tissue start to
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increase in size and become the final basophilic mesodermal cells (Fig. 22,
bme). Their optical composition remains similar to that of the embryonic
mesodermal cells. :

During growth of the embryo all mesodermal cells gradually develop into fat
cells, basophilic mesodermal cells, and connective tissue cells forming the final
mixed mesodermal tissue. After the embryonic mesodermal cells are differen-
tiated into their derivates, no cell divisions any more take place in these ele-
ments (Fig. 22, 4-7). In the eldest embryo of a nine days old larva the mesoder-
mal tissue has attained its final composition (Fig. 22, 4).

Fat cells. After transformation of the embryonic mesodermal cells into fat
cells, they start to increase in size just like their nuclei and nucleoli. During this
process the lipid droplets increase both in number and in size (Fig. 22, 4 D). As
a result of the pressure within the cell by the accumulation of lipid, the cell
boundaries become more irregular in shape. The spherical nuclei gradually
transform into various shapes from polygonal to stellate, or flattened and dis-
placed to one side (Fig. 22, 4 E). Subsequently the lipid droplets gradually start
to coalesce (Fig. 22, 4 F). The fat cells show a multitude of various-sized cavi-
ties lying in a very thin network of cytoplasmic strands. These cavities contain
the lipid droplets which are dissolved during preparation of the paraffin sec-
tions. :

During coalescence of the lipid droplets the first waxy droplets and rhomb-
shaped crystals arise in the cytoplasm (Fig. 22, 4 G), gradually increasing in
number and size. In phase microscopy the waxy droplets are recognizable by
their white refractive appearance. They are not dissolved during the dehydra-
tion process of the aphids for serial sections. The nuclei again recover their
original shape, presumably because the pressure inside the cell declines. The
polygonal and/or stellate nuclei primarily appear in the eldest embryo of a nine
days old larva (Fig. 22, 4), and occur mainly in the celltypes E-G during devel-
opment of the aphid. The degeneration of the fat cells starts by the appearance
of vacuoles in the karyoplasm and in the nucleolus (Fig. 22, 4 H). During
vacuolization of the karyoplasm, the chromatin begins to clot. This process
gradually continues till all the chromatin mass disintegrates into fragments
(Fig. 22, 41-J). Simultaneously with the process of karyorhexis of the chromatin,
many vacuoles arise in the nucleolus showing a sponge-like body. This body
starts to dissolve peripherically resulting in a gradual decreasing of its size till it
is completely disappeared. Sometimes the sponge-like nucleolus disintegrates in
2-3 parts which in turn disperse. - :

During the dege;qeration process of the nuclei and nucleoli a part of the cyto-
plasm starts to disintegrate. The cell membrane decomposes and the disinte-
grating cytoplasm gradually disappears into the haemolymph leaving a part of
the cell membrane on which cytoplasmic remnants are fastened, containing
som; 1:;;11d and waxy droPl_ets, and r‘homb-shaped crystals (Fig. 22, J-L). After-
g:zg:attir?y t;ort'f(l)plletely dlSlfltegl'i_ltf: into unrecognizable substances. In the dis-
larger andg ari cll?::rsim ﬁo.smophx'hc bodies anse Whlc.h bet_:ome progressively

y visible as irregular bodies especially in the degenerating
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Fic. 19. Oblique section of the salivary
pump and its muscles of a five days old
Myzus persicae larva. Note the hypopha-
ryngeal gustatory organ (hpgo) with two
sensillum pores (sep) on the foot of the
pumpstem (ps) (see Figs. 5 and 7 no. 8).
For explanation of abbreviations see pages
144-147.

fat cells of celltype J-L. ] .
On the other hand there occur fat cells of celitype J (Fig. 22) of which the cell

membrane is still intact. These cells, which are clearly distinguished under the
dissecting microscope as large yellow spheres under the cuticle of the larva, have
besides a number of small lipid droplets a single very large one. In smear prepa-
rations of haemolymph or cornicle secretion these cells harden directly and are
dissolvable in alcohol. They have an opaque white spherical appearance.
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At the same time the nuclear membrane dissolves liberating the chromatin
fragments into the cytoplasm and from there into the haemolymph (Fig. 22,
4 K). The chromatin fragments loose their basophilic nature to disintegrate
further in eosinophilic granules of various sizes and shapes. In some cases it was
found that after clotting of the chromatin the nuclear membrane remained
intact. The chromatin fragments dissolve gradually to a delicate network of
eosinophili¢ strands (karyolysis). Finally this network disappears remaining an
optical empty nucleus, of which the membrane becomes ultimately dissolved.
An other form of degeneration is the shrinkage (pyknosis) of the nuclear
material. Pyknosis continues till all the nuclear material has completely disap-
peared, after which the nuclear membrane starts to disintegrate.

Numerous waxy droplets are visible throughout the body cavity of the aphid
during its life. The droplets are released by the cell membrane of intact fat cells,
or liberate into the haemolymph after dissolving of the cell membrane. They
occur mainly against the visceral surface of the mesodermal tissue and especial-
ly in a high concentration around the hindgut and the accessory salivary glands.
Many of them are distributed by the dorsal vessel.

During larval life of the aphid the enlargement and degeneration process of
the fat cells gradually takes place in the mesodermal tissue, and is already in
full course in the eldest embryo of a nine days old larva (Fig. 22, 4), In this
embryo the entirely degenerated fat cells (celltypes J-L) occur in the vicinity of
the cornicles. This agrees with the fact, that in this region the fat cells start to
develop from the embryonic tissue of the cmbryo (Fig. 22, [ and 2). Successively
the cellt.ypes H-1, G, and F (Fig. 22, 4) are situated both anteriorly and posterior-

mesodermal tissue, since it changed into celltype E. Meanwhile celltypes E-G
gradually increase in size, after which the nuclear material starts to degenerate
(celltypes H-1). Subsequently the cell membrane dissolves, forming successively
the celltypes J-L. During growth of the larva celitype F increases in size and
develqps into celltype G and H-T (Fig. 22, 6). After vacuolization of the nuclear
material the celitypes H-I become disintegrated (celltypes J-L). The several
developrr_lental stages of the fat cells in the mesodermal tissue of a nine days old
aphid (Fig. 22, 7) shows the same picture as that of a five days old larva (Fig.

22, 6). In the former aphid celltype G has further increased in size, while the
_ degeneration of the other celltypes is still in

the adult stage till all the fat cells are disso
largement of the fat cells takes place anymore, Concerning their size the cell-
types J-L of a one day old larva are never observed in five and nine days old

speqimeps. Likewise the, celltypes J-L of a five days old larva do not occur in an
aphid e days old. This agrees with the fact that the fat cefls completely dis-
ntegrate into unrecognizable substances.

5
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FiG. 20, Transverse section of the right half mesothoracic region of a one day old Myzus per-

Sicae larva showing arrangement of fat cells (fac), connective tissue cells {(ctc), pericardial cells
1 of this section (K) is given in Figs. 1-3 and

(pec), and thoracic gland cells (tgc). The positio
24. For explanation of abbreviations see pages 144-147.

Basophilic mesodermal cells. During growth of the embryonic meso-
dermal tissue by cell divisions, some cells start to increase in size and become
the basophilic mesodermal cells (Fig. 22, bme; Fig. 21, B-D). After this trans-
formation no further cell divisions are observed in these cells. This process con-
tinues till in the eldest embryo of a nine days old aphid the mesodermal tissue
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has attained its final composition. In this embryo the total number of baso-
philic mesodermal cells is then completed and remains during the rest of the
larval life constant (Table 8). The polygonal basophilic mesodermal cells are
even dispersed individually among the fat cells (Figs. 25, 27, and 32 V), and
their topographical position during larval life is shown in Fig. 23. In the anterior
region of the head and the appendages of the aphid the basophilic mesodermal
cells are lacking.

As in the embryonic stage of the aphid the enlargement of the basophilic
mesodermal cells and their nuclei and nucleoli continues during larval life
(Fig. 21, E-I), The term basophilic mesodermal cells is introduced because of
the presence of homogeneous basophilic cytoplasm in these cells during devel-
opment of the embryo. Their centrally placed spherical nuclei contain regularly
scattered basophilic chromatin and a large eosinophilic nucleolus. After larvi-
position the cytoplasm of the basophilic mesodermal cells becomes gradually
acidophilic, showing still basophilic parts at the periphery of the cytoplasm
(Fig. 21, E). In the acidophilic area arise many minute vacuoles which increase
rapidly in number (Fig. 21, F). At the seventh day some vacuoles appear in the
karyoplasm after which the chromatin commences to clot (Fig. 21, H). At some
places the nuclear membrane becomes somewhat irregular enclosed by cyto-
plasmic vacuoles. In smear preparations of adults the nuclear membrane was
found to dissolve, The clotting chromatin is now liberated into the vacuolized
cytoplasm  followed by a complete disintegration of the basophilic mesoder--
mal cells. The nucleolus starts to dissolve by the forming of vacuoles; its dis-
solving process is further similar to that of nucleoli in fat celis,

The ageing process of the basophilic mesodermal cells s described for those
cells situated among the degenerating fat cells (Fig, 22, celltypes J-L) in the
arca of origin. In this area, situated in the vicinity of the cornicles, the first
basophilic mesodermal cells are developed from the embryonic mesodermal
tissue. The intermediate forms of degenerating basophilic mesodermal cells
occur in the rest of the mesodermal tissue and during the imaginal stage all the
basophilic mesodermal cells gradually dissolve,

Connective tissue cells. Some embryonic mesodermal cells gradually
change their character, elongating and stretching out along the surface of the
mesodermal derivates to become the final spindle-shaped or stellate connec-
tive tissue cells. Each cell contains a proportionally large, spherical or elliptical
nucleus and a small nucleolus, During this process it seems that they increase

omogeneous basophilic cytoplasm. Their
licated network of delicate membranes
ue. Moreover, these extremely delicate
haemocoel and are connected with the

tapering cell processes form a comp
which support the mesodermal tiss
membranes extend throughout the
various internal organs.

The connective tissue cells mainly occur at th
tissue and near the muscles, although some of ¢

4

¢ periphery of the mesodermal
hem are found in the haemocoel
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FIG. 21. Growth of basophilic
mesodermal cells (bmc) and oeno-
cytes {oen) of Myzus persicae. A-D
represent basophilic mesodermal
cells and oenocytes as found in the
eldest embryo of 2 3, 3, 7, and 9
days old larva respectively; E-1
represent both celltypes in larvae
of respectively 1, 3, 5, 7, and 9 days
old. The topographical position of
both celltypes are given in Figs. 23
and 1. i
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(Fig. 30). On the lateral sides of the thorax and on those of the anterior part of
the abdomen, where the sheet has a thickness of about five cell layers, they are
sparsely distributed among the fat cells and the basophilic mesodermal cells.
Especially in the vicinity of the cornicles the mesodermal tissue shows a loose
structure of delicate membranes as a result of the disintegration of the fat cells.
In that region, at the end of the larval stage, the cytoplasm of the connective
tissue cells starts to vacuolate.

Pericardial cells. The pericardial cells are derived directly from the
embryonic mesodermal cells. In the earliest stages of development the pericar-
dial cells are difficult to distinguish from the fat cells by the presence of small
vacuoles. During growth of the embryo the pericardial cells and their nuclei
and nucleoli increase in size. Meanwhile strongly basophilic globules arise in
the perinuclear area of the basophilic cytoplasm, These globules enfarge and
stretch out along the surface of the vacuoles to form stellate structures. Each
cell contains a distinct spherical nucleus with regularly scattered basophilic
chromatin and an eosinophilic nucleolus.

The cell membrane of the pericardial cells is finely striated. Electron micros-
copically these cells of adult M. persicae are studied by BoweRrs (1964). The
striae appear to be infoldings which form narrow, extracellular channels, These
infoldings are maintained by desmosomes which link the lips of the folds at
frequent intervals.

In the eldest embryo of a nine days old larva the pericardial cells have at-
tained their final structure and number. After larviposition the enlargement of
these cells and their nuclei and nucleolj gradually continues, and the total
num'ber of cells remains constant (Table 8). During latval life they retain their
original structure and persist unchanged into the adult stage (Fig. 32).

The pericardial cells are situated outside the mesodermal tissue, and their
topographical position during larval life is shown in Fig. 24. The majority of
thf:m are evenly distributed along the entire dorsal vessel (Fig. 3). At the termin-
ation of the dorsal vessel above the corpus allatum some of them are arranged
In a group of 7-9 cells (Fig. 32 V). Further there occur 2--3 pericardial cells on
both lateral sides of each thoracic segment (Fig. 24; a, b, and c) where the legs
enter the body cavity (Fig. 20), and 3-4 lateral pericardial cells in the meta-
thoracic segment (Fig. 24; d). The pericardial cells which lie dorsally of the
stomach and the mycetome bridge have an elongated form. Two or three of
them may combine to a strand. The pericardial cells situated elsewhere, how-
ever, show a spherical or polygonal shape. : : '

Along the dotsal vessel the pericardial cells receive a nerve from the medial
dorsal nerve system. By injecting larval aphids with Florella blue, via the corni-
;ll?&i;}llz (I));I;;E:lr:r?; C‘FLIZ could be clearl:,‘r traced as blue flags attached to the

. other ones are likewise provided with nerve fibres like

those along the dorsal vessel, but it was impossible to tracce from which part ot
the nervous system they arise,

Haemolymph. The haem
culating haemocytes.
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olymph is characterized by the absence of cir-
On the other hand, numerous waxy droplets are visible
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throughout the body cavity of the aphid during its life. The waxy droplets are
released by the cell membrane of intact fat cells, or liberated into the haemo-
lymph after dissolving of the cell membrane. Further the blood fluid contains
rhomb-shaped crystals originating from fat cells after dissolving of their cell
membrane. In a nine days old larva the haemolymph is provided with intact or
degenerating symbionts (Figs. 28 and 32 V'), which also are observed in the legs.

Mycetome :

After birth of the larva the mycetome consists of two longitudinal masses of
syncytial tissues which are situated in the body cavity of the thorax and the
abdomen (Fig. 1). They partly surround the alimentary canal and run from the
posterior part of the mesothorax, where the intestine passes into the hindgut,
to half-way the fifth abdominal segment. In the fourth abdominal segment they
join together forming a bridge dorsally of the hindgut (Fig. 26 P). In the pos-
terior part of the thorax and the abdomen each half of the mycetome is bounded
dorsally by the ovaries (Fig. 25). In dissected aphids the cells or mycetocytes of
the mycetome reveal as spheres with a white opaque appearance.

The mycetome consisting of a compact mass of cells of uniform size, is en-
closed by a nucleated membranous sheath. The total number of mycetocytes
vaiies from 45-52 (Table 8). Each mycetocyte contains one nucleus with
regularly scattered basophilic chromatin and an eosinophilic nucleolus. The
scanty cytoplasm of the mycetocytes is completely filled with spherical microor-
ganisms or symbionts which divide like bacteria (Fig. 26 P). The symbionts
have basophilic cytoplasm with strongly basophilic granulated thread-like
structures in the centre. By the pressure of the microorganisms due to multipli-
cation of them the nuclei have an irregular or stellate appearance. The much
smaller nuclei of the coating sheath are projected into the mycetocytes. These
last mentioned nuclei have the same optical characteristics as those of the
mycetocytes. . .

During larval life the mycetocytes gradually increase in size as do the nuclei
and nucleoli, whereas the microorganisms remain constant in size (Tal?le 3).
The optical composition of the cells and nuclei does not change, except in the
nucleoli where vacuoles arise. In the various ages of the larva cell divisions are
never observed in the mycetome. On the other hand the microorganisms are
continuously multiplying which can be concluded from the several. stages of
divisions (Fig. 26). After the fifth day the larval mycetome starts to disintegrate
in clusters of cells or in single mycetocytes. The pucleated sheat!l enveloping
the mycetome breaks open, but a part of it remains connected with the separ-
ated mycetocytes. ' .

Within the mycetocytes some irregularly shaped, s.trongly basophilic sym-
bionts occur. These degenerating symbionts increase in numbef' and they are
casily observed in a nine days old larva (Fig. 26 P’)._At th.e ninth day some
mycetocytes start to degenerate and this process continues in tl}e adult stage.
Their cell membranes dissolve after which intact and degenerating symbionts
are liberated into the haemolymph. They are distributed throughout the aphid’s
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body cavity and occur in the mesodermal tissue between the degenerating fat
cells as well as in the legs. Simultaneously with this process, the nuclei and
nucleoli of the mycetocytes undergo several transformations similarly as des-
cribed for the basophilic mesodermal cells (Fig. 21).

Oenocytes

The oenocytes are situated laterad on either side in the body cavity between
the mesodermal tissue and the internal organs (Figs. 25 and 27) of the methatho-
rax and the first five abdominal segments. They form a longitudinal row of
7-12 single cells, but in some cases 2-3 cells are found in intimate contact with
each other. These polygonal cells are anchored by membranes which originate
from the connective tissue cells, and which also connect them with tracheae or
other internal organs. Their topographical position during larval life is shown
in Fig. 1.

They are presumably of ectodermal origin because they are observed before
the appearance of embryonic mesodermal cells. In embryos they are situated
closely against the developing mycetome and during growth of the alimentary
canal and the ovaries they partly become separated from the mycetome. There-
after they are to be found between the mesodermal tissue and either the myce-
tome or the alimentary canal or the ovaries. In embryos the oenocytes are
recognizable because of their somewhat irregular nuclei with basophilic
granulated chromatin and a proportionally very large, eosinophilic, spherical
or ovoid nucleolus. The strongly basophilic cytoplasm contains some vacuoles
(Fig. 21, A-D).

After larviposition the vacuolization process of the basophilic cytoplasm
continues and the oenocytes resemble a sponge with numerous minute holes.
Gradually a homogeneous acidophilic perinuclear zone develops after which
the remaining cytoplasm becomes likewise acidophilic (Fig. 21, E-1}. During
this process some vacuoles arise around the nucleus containing 1-3 basophilic
granules. These vacuoles progressively increase in number and disperse in 'fhe
cytoplasm. At some places the cell membrane is irregular due to vacuoles which
may either or not contain granules. The shape of the nucleus gradually becomes

sophilic mesodermal cells (bmc) and fat cells (B-L.)
of Myzus persicae, The various stages in the devel-
res on the left side of the diagram, which

FiG, 22. Development (histogenesis) of ba
from embryonic mesodermal cells (A, emc)

opment of the fat cells (B-L) are given in figured squa : £ 7
correspond with the occurrence of these cells (A-L} in the successive stages of the larva {a-mn.

No. 1 represents the cldest embryo of a three days old larva, no. 2 that of a five days old
larva, no. 3 that of a seven days old larva, and no. 4 that of a nine days old larva. Cell divi-
sions of the embryonic mesodermal cells occur only in the ﬁ_rst three mentioned emb!'yos.f']'he
numbers 5-7 represent respectively the one day, five and nine days old larva. The size of the
embryos and larvae are drawn to scale. Note the waxy drople.ts W), rhomtf-sl')aped crystals
(cry), and eosinophilic bodies (cb) in the fat cells. For explanation of abbreviations see pages

144-147. :

Meded. Landbouwhogeschool Wageningen 72-16 (1972) 3


http://abbrev.at.ons

F1G. 23. Topographical position of
the basophilic mesodermal cells of a
one day old Myzus persicae larva.
Graphic reconstruction.’ The cells
of which the cytoplasm is dotted ar®
to be found in the dorsal mesoder-
mal tissue, those with white cyto-
plasm and unbroken cell membranes
in the lateral mesodermal tissue, and
the remaining ones with dash
membranes in the ventral mesoder-
mal tissue,
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Fic. 24. Topographical position of
the pericardiat cells of a one day old
Myzus persicac larva. Graphic
reconstruction. - They are situated
laterally and ventrally of the dorsal
vessel, in the coxae of all legs (a, b,
and c), and laterad in the metatho-
racic segment {d).

Meded. Landbouwhogeschool Wageningen 72-16 (1972 ) 61



more irregular or branched and at some places the nuclear membrane shows a
granulated structure. It seems that granules are separated from the nucleus and
are subsequently transported in cytoplasmic vacuoles to the cell membrane
from which they are then released into the haemolymph. The extrusion of
chromatin material probably makes that the nuclei of these cells hardly in-
crease in size during larval life (Table 8). In the nucleolus minute vacuoles arise
which sometimes fuse into big ones.

The enlargement of the oenocytes which started during the embryonic stage
continues during larval life. Cell divisions are never observed and conse-
quently the total number of cells remains constant (Table 8).

Circulatory system

The dorsal vessel lies in the median plane just beneath the dorsal mesodermal
tissue (Figs. 25 and 27). It starts in the sixth abdominal segment dorsally at the
termination of the hindgut, and extends forwards above the hindgut, mycetome
bridge, stomach, foregut, and between the principal salivary glands discharging
in the head (Fig. 3). The ventral wall of the funnel-shaped mouth terminates
half-way above the corpus allatem, and is connected with its ventrolateral sides
to this body (Fig. 32). The dorsal wall of the mouth extends further and is at-
tached to the corpora cardiaca (Fig. 28). The dorsal vessel is gradually con-
stricti.ng ca}udad. Throughout its length the vessel pulsates vigorously and the
anterior wider part is provided with three pairs of lateral ostia. Their presence
was observed by injecting indian ink via the cornicles in the body cavity of the
aphid. The indian ink entered the dorsal vessel via the ostia, rushed forwards as
the result of pulsating movements and was discharged via the open end into
the cavity of the head.

The posterior end of the dorsal vessel is closed, and bears the insertion of one
pair of muscles. Each muscl: runs lateroventrally and originates from the
pos.tcrior edge of the seventh abdominal sternite. At the right and left side the
entire vessel is attached to the longitudinal dorsal somatic muscles by groups of
very thin musele fibres (alary muscles, Fig, 27). The wall of the dorsal vessel is a
thin sheath consisting of muscle fibres irregularly arranged in longitudinal and
circular directions. The very small elipsoid-shaped nuclei are distributed in the
shea:nh and prc?trude cither in the lumen of the vessel or in the body cavity.
During larval life the nuclei and their spherical nucleoli increase in size and cell
divisions are never observed. This is in accordance with the increase in length of
Ehe dloisal vessel (Tab_le 8). It does persist unchanged into the adult. Many waxy
v;sosglet]ir:f gﬁrt?:réz tlil;.the lumen of the dorsal vessel which may be enter the

The i.nperv.ation of the dorsal vessel takes place by the medial dorsal nerve
cord originating from the corpora cardiaca. It runs along the dorsal vessel giving
off branches to the wall of this organ, the alary muscles, and the pericardial

cells (Fig. 3); it terminates at the dorsal i i ]
3 posterior end
rectum (Fig. 12) and the gonopore. el of the hindgut neat the

In all coxae a small tubular organ occurs. This organ has a lengtﬁ of about
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15 p and shows a similar histological structure as that of the dorsal vessel. They
are innervated by one nerve, and presumably represent the accessory pulsatile
organs,

Cornicles

In M. persicae the cornicles are situated dorsolaterally on the fifth abdo-
minal segment (Fig. 27). The length of the cornicles is about 1/3 of that of the
aphid’s body in all instars, and the average diameter is about 1/10 of the maxi-
mal abdominal width. In apterous viviparous females they are slender, nearly
uniform in diameter throughout, slightly swollen on the inner margin near the
distal end, at which point they curve slightly outward (GiLLETTE, 1908a).

The epidermis of the cornicle is a continnation of that of the aphid’s body. It
is composed of a single layer of ¢ells resting upon a basement membrane; the
cells contain strongly basophilic cytoplasm without definite structures. A pro-
portionally large nucleus with scattered basophilic chromatin and an eosino-
philic small nucleclus is present in each cell. During larval life the cuboidal
epidermal cells increase in size and become flattened. The presence of mitotic
figures in these cells indicate that they also have to increase in number. The
epidermis persists into the adult, and mitotic figures could no longer be observed
in a nine days old larva. The comicles are in open connection with the body
cavity and are filled with degenerating fat cells. This mass forms a continvation

TarLE 7. Components of the cornicle secretion of Myzus persicae which were allowed to feed
on Chinese cabbage scedlings at 20°C. Each aphid produced 1-2 cornicle droplets.

Ape of aphid Number Components
ap?]fi‘ds Degenera- Rhomb- Waxy Symbionts Basophilic
ting fat shaped droplets mesodermal
cells? crystals cells?
1 (larva) 2 + + -+ — —
2 2 + + + — —
3 2 + + + — —
4 4 -+ + + — 1
5 3 -+ + + — 1
6 4 + + + — —
7 2 + + + — -
g 4 + + + - -
9 (adult) 6 + + -+ -+ 2
10 3 + + + + 2
11 4 + + -+ + —
12 12 + + + + 6
14 8 + + + + —
16 5 + + + + —
20 6 + + + + 3
+ = present; — = absent

! These cells correspond with celltypes J-L in Fig. 22 . i
% The figures refer to the number of cells found in the cornicle secretion of the total number

of aphids examined
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with that in the body cavity. Each cornicle is closed at its top with a valve-like
flap. The flap is controlled by one muscle (valve retractor muscle) which runs
throughout the length of the cornicle to the posterior edge of the sixth abdo-
minal sternite. Anterior of the base of the cornicle is the insertion of another
muscle (elevator muscle} originating from the anterior edge of the fifth abdo-
minal sternite. The muscles are innervated by nerves arising from the main
abdominal nerve (Figs. 3). Each cornicle is supplied by a trachea originating
from the sixth abdominal spiracle (Fig. 2, e).

When the aphid shows a normal feeding attitude the cornicles are directed
caudad nearly adjacent to the abdomen. Touching the aphid’s body with a
fine-pointed needle results in the elevation of the cornicles, which is followed
immediately by droplet production. That is the only movement the cornicles
can perform and droplets can be produced only after the cornicles are raised in
this way. In general both cornicles excrete simultaneously, but in some cases it
was observed that one of them produced the droplet, although both cornicles
were erected. By continuous irritation the cornicles remained in this position
without producing any droplet.

Cornicle secretion. Right after larviposition it is possible to trigger cor-
nicle secretion. The droplets are very small in diameter, but during larval life
they increase in size to remain approximately constant in the imaginal stage.
Histologically the cornicle secretion is composed of degenerating fat cells, waxy
droplets, and rthomb-shaped crystals (Table 7). The degenerating fat cells are
all of celltype J-L (Fig. 22), although occasionally celltype H-I may occur. The
nuclei which are parily or completely disintegrated, appear as basophilic
nuclear fragments, and eosinophilic granules-or irregunlarly shaped rods of
various size. Moreover, there occur some fat cells of celltype J (Fig. 22) of
which the cell membrane is still intact. These cells harden directly after having
passed the cornicles and have an opaque white spherical appearance. They are
dissolvable in alcohol. The waxy droplets, originating from degenerating fat
cells, have a spherical or irregular shape with a milky appearance, and are dis-
solvable in ether or acetone, but not in alcohol. Especially in the second half of
the larval period and during the adult stage the rhomb-shaped crystals occur in
large quantities in the cornicle secretion. At the ninth day of the aphid’s life the
first intact and degenerating symbionts appear in the cornicle secretion (Table
7). These irregularly shaped, strongly basophilic symbionts increase conti-
nuously in number during the imaginal stage of the aphid. This agrees with the
degeneration process of the mycetocytes (page 57). Incidentally an intact
basophilic mesodermal cell was observed in the cornicle secretion of larval
aphids. In the adult stage they are partly disintegrated showing the same struc-

tures as described on page 54. Connective tissue cells have never been observed
in the cornicle secretion during aphid’s life.

Nervous system

The cross picture of the central nervous system is shown in Figs. 3 and 29.
The cortex of the protocerebral lobes encloses an irregularly formed neuropile
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F1G. 25, Transverse section through the first abdominal segment of a one day old Myzus per-
sicae Tarva showing position of stomach (st), intestine (i), hindgut (hg), fat cells (fac), basophi-
lic mesodermal cells (bmc), connective tissue cells {(ctc), mycetoms (myc), oenocyte (oen),
dorsal vessel {dv), main abdominal nerve (N10}, and ovarioles (or). The position of this sec-
tion (L) is given in Figs. 1-3, 11, and 23. For explanation of abbreviations see pages 144-147.

mass in which commissural tracts and a central body are clearly to be distin-
guished. As a result of the localisation of the elevator muscles of the tentorial
bar the posterior part of each protocerebral lobe shows in the region of the pars
intercerebralis a wedge-shaped impression by which a blunt protrusion is
formed, viz. the dorsal lobe (Figs. 28, 30, and 31). The elevator muscles originate
from the dorsal wall of the head and are attached to the tentorium on both
sides of the posterior end of the pharynx. In some larvae it was observed that
the dorsal lobes can vary considerably in form and size. Each dorsal [obe gives
off Jaterally a nerve which runs to the corpora cardiaca (Fig. 28). Moreover, the
latter is connected with the brain by another nerve branch. This nerve branch
has a paired root and arises on the inner surface of each cerebral lobe where it

Meded. Landbouwhogeschool Wageningen 72-16 (1972) 65

1as



tapers into the circumoesophageal connective. The optic masses are composed
of three optic centres: a proximal medulla interna, a medial medulla externa,
and a distal lamina ganglionaris (Fig. 28). The latter is connected with the
compound eye by optic fibres. Moreover, each optic lobe gives off a thin nerve
to the tubercle situated ventrally of the compound eye and containing three
optical elements. Between the proximal medulla interna and the medial medulla
externa on each side of the optic lobe a centre of strongly basophilic embryonic -
cells occurs (neuvral imaginal discs) (Figs. 29 and 31). Their spherical nuclei
have the same diameter as those of the neurons. These centra in which occa-
sionally a mitotic figure occurs, are only visible in the first five days of the larval
stage, and afterwards it is indistinguishable from the brain tissue.

The paired deutocerebrum is situated beneath the protocerebral lobes. Each
lobe comsists of two neuropile centres from which the antennal nerve arises
(Figs. 3, 29, and 30). Both deutocerebral lobes are unifed by internal commis-
sural tracts and each of them by connectives with various parts of the proto-
cerebrum, . 4 &

The tritocerebrum is the most ventral part of the brain and is divided into
two widely separated Iobes (Figs. 3, 29, and 30). Each tiritocerebral lobe is
connected by a connective tract with the protocerebrum which runs along the .
inner surtace of the deutocerebral lobe. The central parts of the tritocerebral
Iobes are connected with the median frontal ganglion by a very short frontal
nerve, Ventrolaterally each lobe gives off a paired nerve, which runs to the -
mandibular and maxillary retort-shaped organs. On each lateral side of the
frontal ganglion a nerve arises which runs along the inner surface of the distal
part of each tritocerebral lobe and fuses with a nerve from the tritocerebrum
forming the labral nerve. The labral nerve is connected with the retractor -
muscles of the pharyngeal valve (M4(1), Fig. 5) and gives off branches to the
muscles of the anterior part of the pharyngeal pump (M4(2) and M4(3)). From
the most Iateral distal part of each tritocercbral lobe a thick nerve thrunk arises
which unites the pharyngeal ganglion with the brain (Figs. 3 and 30). This
pharyngeal nerve gives off a branch to the lateral divaricator muscles of the
pharyngeal valve (M10, Fig. 8 no. 12) and to the lateral muscles of clypeus
(M7, Fig. 30). :

The protocerebral, deutocerebral, and tritocerebral lobes taper into the
circumoesophageal connectives that join the brain to the suboesophageal
ganglion (Figs. 3, 29, and 32 V). In these connectives the fibrous neuropile
mass of the deutocerebrum (deutocerebral longitudinal tract) and that of the
tritocerebrum (tritocerebral longitudinal tract) are clearly seen. Just before the
suboesophageal ganglion both tritocerebral longitudinal tracts are connected
by‘ transverse nerve fibres, presumably the main tritocerebral commissure
(Fig. 32V). In the same region each deutocerebral and tritocerebral longitudinal
tract gives off at its lateral side a thick nerve trunk. The trunk divides into three
nerves, of which two innervate the retractor and protractor muscles of the
mandibular and maxillary stylets. The third one runs in the direction of the
lateral mesodermal tissue. In the ventral part at each side there arises a nerve
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from the tritocerebral tract which connects the basal part of the mandibular
stylets (Figs. 4 and 32 V; N19). From the posterior part of the suboesophageal
ganglion at the ventrolateral side two pairs of nerves arise, of which the anterior
pair serves to innervate the muscles of the salivary pump, while the sccond pair
runs beneath the common salivary duct into the labium (Fig. 29).

Internally, the thoracic ganglion complex shows a prothoracic, mesothoracic,
and metathoracic subdivision (Figs. 3 and 29). The nerve trunks for the three
pairs of legs arise ventrolaterally. The dorsolateral side of the meso and meta-
thoracic regions gives off a nerve to innervate the muscles of the first two pairs
of tracheal spiracles situated in the meso and metathoracic segment respectively,
The most posterior part of the thoracic ganglion complex, situated behind the
metathoracic region, is the abdominal region. From this region arises the main
abdominal nerve trunk which extends far into the abdomen with terminal

- offshoots in the wall of the gonopore. A similar structure was found in Siphono-
phora rosarum (GROVE, 1909), Schizoneura lanigera (BAKER, 1915), Drepanosi-
phum platanoides (Jonnson, 1963), and Schizaphis graminum (SAXENA and
CHADA, 1971d} (Table 9). In the fourth abdominal segment it gives off two
branches innervating the muscles of the cornicles, and in the fifth abdominal
segment a branch to the hindgut (Fig. 3). In Aphis fabae and Acyrthosiphum
pisum, two branches of the main abdominal nerve pass to the ventral surface
of the hindgut, meeting it just posterior to the point of the voluminous coil of
intestine (JOHNSON, 1963). The muscles of the seven pairs of abdominal spiracles
are probably innervated from branches of the main abdominal nerve. '

The cone-shaped frontal ganglion lies between the two separated lobes of the
tritocerebrum ; it is connected on both sides to the lobes by a very short nerve
trunk (frontal nerve, Fig. 30). The recurrent nerve extends posteriad to the
spindle-shaped hypocerebral ganglion, and from there to the corpus allatum.
‘The hypocerebral ganglion is a very small body with a diamcter of about 5 ¢
and lies between the deutocerebral iobes.

The paired pharyngeal ganglia are situated ventrally of the tritocerebral lobes
and frontolaterally of the pharyngeal pump on both sides of their retractor
muscles (Figs. 3 and 30). Each pharyngeal ganglion is bilobed of which the
most laterally situated lobe is connected at its dorsal end with the tritoccreb_ral
lobe by the pharyngeal nerve. From the same point a second nerve arises which
terminates in many branches to inmervate the retractor muscles M4(4) and
M4(5) (Fig. 5) of the pharyngeal pump. Before the pharyngeal valve the two
bilobed pharyngeal ganglia fuse, and this mass extends ventrally as the epi-
pharyngeal and the hypopharyngeal gustatory organ. - ] .

- The epipharyngeal gustatory organ lies in the clypeo-labrum region (Figs. 3
and 5). In embryos it is composed of a mushroom-shaped central part enclosed
left and right by a lateral lobe (Fig. 7 no. 8). The central part has on its peri-
phery many neurons which are connected by perve fibres with the pores .of the
eight sensilla. The pores communicate with the pharyngeal duct (Fig. 5).
Centrally each lateral lobe is occupied by a stellate invagination of the pharyn-

. geal duct (Figs. 6 and 7 no. 8). From the wall of this stellate invagination nerve

Meded. Landbouwhogeschool Wageningen 72-16 (1972) 67



@n ST
@ 0001
& L961
@n S6E
@O0 T 1T

GD6I0F 1F
L Ard) 0z¥l

ODFI0F by

(rnsyoF 16

1) L8°0 F TOE
11

Mo+ Le
@DwoFre
O 1) LEO TF 6T

[4s

wL1sro T+
@B'1DIs0F +'8

©n e |
() Lo01
()] £€1T
amn 08¢
0D r0For

©1)010F ¢¢
«wn SOIT

(rpsro ¥ sv

(' oro F 6's

@DsLo¥F rot
601

00T LT

@TneoTF 18
F1sT0F 6TI
0§

(0 0 A U e A
€1 670 T 0L

«©n £'8ET
D 0°008
(o1 €'€TT
@@n S6E

81500 F 60
(F'1) 600 F I'E
G 0101

(TDLL0F 6

(I'DeroFoe

@I Fesz
01-6

(W00 F LT
€nNIroF¢s
F'1ero T 62l

8

01600 F €T
FDLI0T 99

() 34
€n L16

W) £861
D 0o

@ncooF 90
rorroFee
Y ovol

(I'nero o

TDsro* L's

Dz F Lee
-zt

(D00 F LT
@DIIoT6v
ENzEoOTFET

st
€ OLL
wnore + ¥z
#FDETo T 99

m §$'76 WP wnunxew ‘uondued [eowioy]
(M $TL gIpim
wnnxew ‘aofsued reafeydossoqns
) iy | [1PI% WNIIXeW* Urelq
iy " gEg (astou
JEUIWOPQE UleW JnotA) yiBua]
’ © UIDISAS SNOAIIN
(1)s00F s'0 SN[OR[INU J3)2RIP SFBIAE
MedoFzz SHA[ANU INdWBIP STeI0AR
() 099 ~ mud
135594 [ESIOCT
(10 F ¥y SNJOS[INT 13}oWeLP STRIMAY
(DezoTos STajoNU I3joWeIp ofeIsAe
M1 F 1z [130 191aUrRIp 93eIoAR
81 <5199 Jo Joguinu
. £21430U20)
oo F Ly SIUOIQLUAS J0JOWIEIp ST BIoAR
(D600 F Iy SN[O3[NU INIWEBIP sFeiosw
(DETOF €6 SNI[IOU J2JUTRIp oFvIoAR
ob : $334509904AW1 JO JoquInit
06T JIPI4 WNUWHX eI
(n ot y3Susy
SWIOIDAA]
(D00 F +'1 STOS[NU ISWEIP 3FBIAE
(1600 F 8 STAJONU I1D]ALURIP 0FLIIAR

ODwIFeLr DT FLst EDILoFoel ED190 F €l (D oyo F 901 [192 Iauerp sfeloar
89 £9 89 . : 9 L9 : $]J22 jO Jaquunu
: S}[20 [eipreslIag
63 €6 06 L6 001 S][39 JO Jaquunu
$[120 JewIsposaw siniydosed
BATE[ BATE] CBATE[ BALE[ qd?-.m“
Plo sAep SUIN PIO SARpP UdASS PIO SAeD 9AT] plo sdep daayJ, pIo Aep 2u) ofy
A

USAIF 218 SOJRA AU, "D, 0T 1€ SBUI[Paos 3FeQQED 3SOUMY) U0 PAIG 3LATE] 20X54ad SHZARY JO SURSIO SNOLIEA JO SISQUINU [[30 PUE $32J$ [BNI0Y 8 T1EV],

Meded, Landbouwhogeschoo! Wageningen 72-16 (1972)

68



1 58 ABP [ 12 9215 JO SISEq UO SIZIS SANE]DI §19YIBIq U]
(01 = utuA/fs) uesir ol JO UONERIAAP pakpUR)s oY) £ pamo[|o] ST F ugis sy
(o1y3 7 ¢ ST UONSSS Yokes) SUONIAS JO I9qUINU 31} O} PRANSBIW S| §)Fus ST

PUP|S O[BIOY} YIBa U S[[32 JO JAqUINN],

UWINIBIPIED SNI00 OB UL S22 JO JAqIUNN],

£aaes hvon 9UJ U3 OPIS IAYIID GO PRIAL] PAARNYS S[[3D JO ISUINN,
AR SUC WOY) PIUIRIGO S1E BIEP L,

pareIsudzap

FDL00TTT
FDEOFT6

48
€D 8°8¢

(€' 13500 F 80

ENLroF or

{€D6T0T 59
601

FnDzooF Lo
€DLWoFLT

(Dzoo F Lo
(D110 F 8¢

#D100F Lo
(TDero+ 8¢

EDeroFee
(OIEoFER
@190 F Lol

L+

T e00 F 0T
1z z 0oF T m

ao . mqm

TNzo0F L0
EnoeroF et
TNTTo F 6§

676

Do F Lo
D 6o F ¥z

(DZo0F Lo
(1} 60°0 T 8°€

FDE00TF Lo
(€910 F 0t

OD6I0TF +T

EDIFoTF o8

EDwoFTrr
01-8

(€TIOFIT
B19e0 F TL

o
o) Lot

€050 F g0
(€DSIoFov
@nozoFes

68

@DI00F 90
(I'moro+ ¢z
(1) 100 F L0
(D110 F 6¢

1500 F 50
aniroFoz

FDWwoF 1L

€610 F 8L

nLE0T 601
I1-o1

0D 00T 8T

@DscoFore
rA

D . 01t

TDO0F L0

@TDs10F L€

(TDEToF 09
g1t

0D £0°0 F 50
100 F 2T
(1200 F L0
(110 F L€
©O'1) 00 F 50
©1L00F §T

(DS0O0F ST

Moo Fes

(DEgOTF L
01-1T

(I) 600 F 6'0

(D610 F 6'¢
A

m - o1

(€00 F 90
MoroeF o
(D600 F IS

66

() €00 ¥ 50
N9%0FIz

(MzoFLo
(D600 F 8¢

M100+F 50
(1800 F ¥

snjoajonir IeuIeIp ofuroAe
SNON IjoWeIp ofeloAe
1199 xo33useIp 2 BIoAY
51192 Jo Joqurnu
Spue[d J1rI0Y
ST[OI[ONU JJeWeIp d3eioae
STIDjONT INSWRIP a8riaAe
$[1990 J0 I3quunu
Jpuep sfersae
wnie[e sndio)
SNO3[INU I3)AWLIP dFeroAt
SNI[ONU Xajawrerp sferoae
© ([80 I1awIBIp d3RIoAt
¢S[[32 JO Jsgunu
wmoeIpIed sndio)y
SN[OJ[INU IH)SUIEIP IFeI2AL
SNA[ONU ID)dWEIp oBeIsAR
. SII22 [B1D
SNTOJ[ONT INSWEIP aFeraAe
SNA[ONU Jalawerp oderoas
SUOIRIN
$NJO[ONU 19]5UIBIP 23RIAY
STI9[ONU JS)AWRIP 9T eIdAE
WRLNSULIog

69

Meded. Landbouwhogeschool Wageningen 72-16 (1972)



S,
() Y
°,°-g§.g.§.
L)

0
O

-

F1a. 26. P. Transverse section of the mycetome (myc) surrounding the hindgut of a one day
old Mpyzus persicae larva showing nine mycetocytes with their spherical symbionts (s) and
some degenerating ones. The position of this section is given in Figs. 1-3 and 11. P, Trans-
verse section of the hindgut and a mycetocyte of a nine days old larva. The mycetocyte har-
bours intact () and degenerating symbionts (ds) which liberate into the haemolymph. The
degenerafing symbionts are recognized by their irregular shape. Note in both figures the waxy
droplets (w} in the haemolymph, inside the hindgut cells, and in the Iumen of the hindgut
which are of the same optical composition, For explanation of abbreviations see pages 144-147.
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fibres arise running to neurons situated mainly on the periphery of the lateral
lobes. Possibly this are sensory neurons of another type than those of the gus-
tatory sensillae. This means that the gustatory organ is a complex taste organ.
Some neurons in the gustatory organ have nerve fibres running in the direction
of the clypeo-labrum wall, probably comunicating with receptor hairs placed
on that part of the integument (Figs. § no. 10" and 31).

The hypopharyngeal gustatory organ starts beneath the pharyngeal valve in
the posterior part of the hypopharynx (Fig. 3) and extends into the anterior
part of the hypopharynx lip (Fig. 5). The neurons in this organ communicate
by nerve fibres with two sensilfum pores which are situated in the cup-shaped
part of the floor of the pharyngeal duct, close before the valve (Fig. 8 no 10 and
10}, Moreover, fibres from the anterior part of the hypopharyngeal gustatory
organ communicate with two other sensillum pores located on the foot of the
salivary pumpstem {Figs. 3, 7 no. 8, and 19).

The whole nervous system is enclosed by a very thin squamous epithelium
(perineurium) covered by a neural lamella (neurilemma). Their clongated
nuclei contain scattered basophilic chromatin and a small spherical nucleolus.
The cortical region is a compact mass composed of neurons and glial cells
without any histological differentiation (Fig. 28). The neurons contain baso-
philic cytoplasm characterized by the presence of a proportionally big spherical
nucleus with basophilic granulated chromatin. In many nuclei the small
spherical nucleoli are not distinguishable from the chromatin granules. One can
distinguish the glial cells from the neurons only when they occur on the peri-
phery of the neuropile where they penetrate into these centres with their
strongly basophilic protoplasmic cell processes. Typical are their irregularly-
shaped small nuclei with a spherical nucleoius. During larval life the nuclei of
the neurons retain their original size, while those of the epithelial and glial cells
have the tendency to increase somewhat in volume {Table 8). Morgover, many
mitotic figures occur in the cortical region of the brain, suboesophageal, and
thoracic ganglion of one day and threc days old larvae. Thereafter these
figures are found only in the optic lobes. After the ninth day (just adult stage},
however, no more mitoses are found in these centra. Evidently, the growth of
the nervous system is the result of both multiplication and increase in volume
of some tissue elements such as glial cells, In the beginning of the larval stage
the cortex and neuropile form a compact mass, but as the larval stage advances,
the fibrous and cellular components of the nervous tissue show a looser relation.

Endocrine glands. The paired corpora cardiaca are situated between Fhe
dorsal lobes of the protocerebrum and the posterior part of the pharynx (Figs.
3 and 28). They are irregularly-shaped bodies which are attached to the inner
side of the dorsal aortic wall and supplied by numerous finely branching
tracheae originating from the antennal tracheal stqn (Fig. 2, c). Eac_h gland is
composed of 8-11 cells arranged around a neuropile mass from wh'tch nerves
arise. The cells contain strongly basophilic cytoplasm .::md a PfOP‘_Jf“U“a”_Y big
nucleus of which the basophilic chromatin is.mainly situated against the inner
surface of the nuclear membrane. During larval life cell divisions are never
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observed in the corpora cardiaca. The cells increase in size, while after the
thirdth day the average diameter-of their nuclei remains practically constant
(Table 8). As a result of the increasing cell size the two glands show some
degree of median fusion. The corpora cardiaca persist unchanged into the
adult stage. From each body arise three nerves which are called by JOHNSON
(1963) the medial, lateral, and ventral nerves (Fig. 28). Both medial nerves fuse
together beneath the dorsal wall of the aorta forming a single nerve which runs
between the corpus allatum and the ventral wall of the aorta (Fig. 32) extending

F_IG. 27. _Composition made from six successive transverse $erial sections through the cor-
plcle region .o[‘ 2 one day old Myzus persicae larva showing position of voluminous coil of
intestine {vci), hindgut (hg), intact {fac) and degenerating fat cells (dfac), basophilic mesoder-
mal cells (bmc), connective tissue cells (ctc), pericardial cell (pce), mycetome (myc), oeno-
cytes (oen), dorsal vessel {(dv), main abdominal nerve (N10), and medial dorsal nerve (IN13).
The dorsoventral and cornicle elevator muscles are omitted. The position of this section (R) is
given in Figs. 1-3 and 11. For explanation of abbreviations see pages 144-147.. E

72 Meded. Landbouwhogeschool Wageningen 72-16 (1972)



further along the dorsal vessel. This nerve crosses diagonally the funnel-shaped
mouth of the aorta. In its course it gives off a branch to each principal salivary
gland (Fig. 13A), the dorsal vessel and ifs alary muscles, the pericardial cells
(Fig. 3), the alimentary canal (Fig. 9 A), and the dorsal posterior end of the
hindgut near the rectum (Fig. 12 F). At the posterior end of the dorsal vessel the
medial nerve divides in two branches to innervate the lateral muscles of the
gonopore, The lateral and ventral nerves have not further been traced.

The corpus allatum.is a single body lying between the foregut and dorsal
vessel behind the corpora cardiaca (Figs. 3 and 32). The body is connected by a
nerve to each lobe of the corpora cardiaca and to the hypocerebral ganglion. It
contains 11-13 cells which increase in size during larval life (Table 8). The cells
retain their basophilic cytoplasm with vacuoles of various size, mainly situated
in the apical part. Each cell has a nucleus consisting of regularly scattered baso-
philic chromatin and an eosinophilic nucleolus. The corpus allatum is sur-
rounded by a thin membrane-like sheath without any visible cellular material,
In the centre of the corpus allatum the apical parts of the gland cells seem to be
connected with a mass of nerve fibres. The corpus allatum persist unchanged
into the adult stage (Fig. 32 V). :

The paired thoracic glands are situated in the vicinity of the mesothoracic
spiracles. Each structure consists of about 8-11 gland cells (Fig. 20) which ly
closely together between the tracheal trunk running to the prothoracic ganglion
and the ventral tracheal trunk which connects both mesothoracic spiracles
(Fig. 2). They contain strongly basophilic cytoplasm without any structures.
Each of them contains a proportionally very big nucleus with regularly scat-
tered basophilic chromatin and an eosinophilic nucleolus. During larval life the
cell, nucleus, and nucleolus increase in size; after the seventh day some cells
start to degenerate, while on the ninth day (just adult stage) all the cells are dis-
integrated. The degencrated cells are to be seen as clusters of irregular spheres

in the haemolymph.

DISCUSSION

Alimentary canal : ' T
In general the morphology of the alimentary canal of Myzus persicae (MoR-

REN, 1836; BUCKTON, 1876; BRAMSTEDT, 1948; SCHMIDT, 1959; FORBES, 1946a)
shows many similarities with that of other aphid species (RAMDOHR, 1811;
Durour, 1833; WitLacziL, 1882; GRove, 1909, 1910; Davipson, 1913;
BAKER, -1915; WEBER, 1928; PrLTON, 1938; SMITH, 1939; ROBERTI, 1946;
PESSON, 1951 ; MARTINY, 1958; SAXENA and CHADA, 1971¢) (Table 9). Growth of
the alimentary canal of M. persicae during larval lifc is due solely to enlarge-
ment of the epithelial cells. The length of the en.tilze gut during larval life is
approximately threc times the length of the aphid’s b?dY’ v»:luch was also
observed for M. persicae (MORREN, 1836) and other aphid species of unknown
age (RAMDOHR, 1811; DUFOUR, 1833; PELTON, 1938; SmitH, 1939).
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The structure of the retort-shaped organs as described in many aphid species
(METscaNIKOW, 1866; WiTLacziL, 1882; FLSGEL, 1905; Davibson, 1913;
BAKER, 1915; KNOWLTON, 1925, WEBER, 1928; ROBERTI, 1946; BREIDER, 1952,
‘cephalen Maxillomandibular-Driisen’) agrees in general with that of M. persi-
cae. The fact that the stylets are secreted by the retort-shaped organs, implies
that after completion of the final moult these organs probably degenerate, as
has been suggested by DaviDsoN (1913). Later it was found that these organs
are absent in adult jassids (WILL1S, 1949),

On the other hand, SormN (1966) and SAXENA and CHADA (1971b} reported
the presence of mandibular and maxillary glands in the head of the aphids
Aphis craccivora and Schizaphis graminum. According to these authors the
common ducts of the mandibular and maxillary glands unite before opening
into the salivary channel of the maxillary stylets forming a part of the salivary
gland complex (TAKAOKA, 1969). Thus, there are two separate duct openings
into the salivary channel, one by the common salivary duct, and the other by
the union. of common ducts from mandibular and maxillary glands. Moreover,
SoRIN (1966) reported that the mandibular and maxillary glands in Aphis
craccivora secrete a highly viscous fluid which is used for stylet sheath formation.
However, from the descriptions and photographs presented by these authors,
it may be concluded that these glands are in fact the mandibular and maxillary
retort-shaped organs. In M. persicae and other aphid species as well as in coc-
coids (MARK, 1877; PessoON, 1944, 1951), in Phylloxeridac {KRASSILSTSCHIK,
1893), in psyllids (WiTLACZIL, 1885; WEBER, 1929), and in white fies (WEBER,
1935b), the glandular function of the cells inside the retort-shaped organs is
responsible for the secretion of the new stylet during each larval moult. More-
over, SORIN (1966) and SAXENA and CHADA (1971a) do not mention at all the
presence of retort-shaped organs in the aphids investigated. Each of the four
stylets of Schizaphis graminum originates from a ringlike piece of tentorium
located close to the clypeal region of the head (SAXENA and CHADA, 1971a). It
is possible that the two sensillum pores which are located on the foot of the
salivary pumpstem of M. persicae (Figs. 5, 7. no. 8, and 19) were mistaken by
SormN (1966) and SaxENA and CHADA (1971b) as the duct openings of both the
common salivary duct as well as the fused ducts from the mandibular and
maxillary glands of Aphis craccivora and Schizaphis graminum, :

The study of the pharyngeal valve in the embryonic and larval stage o
M. persicae allows to discuss its function. In embryos the valve is open, but in
larvae it is always found in a closed position (Fig. 8 no. 10’ and 11°). The impres-
sion is evoked that at the passage of the embryonic stage into the larval stage,
with the start of the gut function, the locking of the valve takes place due to the
activity of the divaricator muscles. In the embryonic stage food uptake does npt
take place, the valve is not in function and is found in open position. It is likely
that the opened valve in the larvae has the same position as can be observedin
embryos. The opening of the valve is a result of the action of the two pairs of

dorsal divaricator muscles, closing by contraction of the lateral pharyngeal
valve muscles (Fig. 8 no. 11and 12), - : -
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Fie. 28. Composition made from three successive transverse serial sections through the pos-
terior region of the brain of a nine days old Myzus persicae larva (just adult stage} showing a
part of the protocerebrum (p), dorsal lobes (dl), corpora cardiaca (cc), tracheae (tr), and dotsal
aortic walt (daw). Note the intact symbionts (s) which are distributed throughout the aphid’s
body. This section (S) corresponds with those given in Figs. 1-3 and 29, For ¢xplanation of
abbreviations see pages 144-147.

WEBER (1928) working with Aphis fabae, showed that all the epithelial cells of
the stomach secrete by constricting of the apical parts. This was also observed
for Macrosiphum sanbornii (MILLER, 1932), Lachnus piceae (LEONHARDT, 1940,
Lachnus roboris (MICHEL, 1942), M. persicae (SCHMIDT, 1959), Cryptomyzus
ribis, Metopeurum fuscoviride, Pentatrichopus tetrarhodus (MACKAUER, 1959),
and Megoura viciae (EHRHARDT, 1963) (Table 9). According to FORBES (1964a)
three cell forms are distinguishable in the stomach epithelium of adult M. persi-
cae: replacement cells lying adjacent to the oesophageal valve, active digestive
cells representiing most of the epithelial cells, and resting digestive cells occur-
ring in the posterior region of the stomach. In the stomach of adult Schizaphis
graminum SaxeNa and CHADA (1971¢) reported the presence of two celltypes,
viz. large columnar cells and small basal cells or regenerative cells. The secretion
of digestive fluids is of the holocrine type, because the release of secretory
material occurs mainly by detachment of complete cells from the ep:thfel.lal
layer. The cell wall, nucleus, and other cytoplasmic contents of the cells disin-
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tegrate, and the secretory material is liberated into the stomach lumen. The
regencrative cells form new cells to replace the detached columnar cells. This
account, however, is in contradiction with our data of the larval stomach of
M. persicae: (1) the digestive cells do not degenerate, (2) the number of stomach
cells of the three celltypes remains practically constant during larval life (Table
4), and (3) the cells occurring in the posterior region of the stomach are really
active digestive cells. Furthermore it was found that during larval life of M. per-
sicae the digestive cells, which secrete material by constricting of the apical cell
parts, only are observed in the middle region of the stomach. The digestive
cells of the posterior region, however, secrete material by forming buds. The
latter type of secretion was also observed in the midgut of the coccoid, Pulvi-
naria mesembryanthemi VALLOT (PESSON, 1944) and in the stomach of Typhlo-
cyba ulmi L. (WILLIS, 1949),

Consequently the stomach can be considered as the secretorial part of the
alimentary canal. Its lumen is filled with secretion products from the posterior
stomach cells and cell fragments due to constricting of the fingerlike digestive
cells. In the region of the intestine secretory cells, as found in the stomach, are
absent. The epithelial cells of the intestine appear to be mainly resorbtive in
function (WEBER, 1928 ; BRAMSTEDT, 1948; MACKAUER, 1959). This is supported
by the fact that these cells have a large luminal surface (Table 4) and a well
developed striated border (Fig. 11). It is furthermore observed that the material
present in the stomach lumen, does not occur in the intestinal lumen after the
stomach passes into the intestine. Similar observations are described for
Megoura viciae by EHRHARDT (1963). In dissections of M. persicae the material
found in the stomach lumen is flocculent (cell fragments and secretion material),
while the lumen of the intestine and the hindgut is filled with a clear watery
fluid.

BoONNET (1745) was the first who stated that aphids did not possess an excre-
tory system. Later on, RaMDOHR (1811) confirmed the absence of MALPIGHIAN
tubes in Aphis mali, and MoRREN (1836) in M. persicae. In connection with this
absence several investigators mentioned that the excretory function of aphids
is probably carried out by the gut (GoODCHILD, 1966), especially the hindgut
(GeRrscH, 1942), by the salivary glands (KLoFT, 1960; SCHALLER, 1961), espe-
cially the asccessory gland (BREIDER, 1952; WOHLFARTH-BOTTERMANN and
MOERICKE, 1960; RILLING, 1967), by the mycetome (WrTLACZIL, 1882), by the
oenocytes (TOTH, 1933), and by the cornicles (BoNNET, 1778 ; WiTLACZIL, 1884;
Liu, 1956) (Table 9). The presence of waxy droplets inside the epithelial cells
and in the lumen of the hindgut indicates that this part of the gut is able to
excrete these droplets. The waxy droplets, being a product of degenerating fat
cells, are scattered in the haemolymph throughout the aphid’s body. They pass
into the hindgut cells to be excreted subsequently in the lumen by minute
projections situated on the apical membrane of the cells. The honeydew, which
_ is emitted through the anus (Van LEEUWENHOEK, 1696), likewise contains w:ijcy

dropl_ets. It ‘was suggested by FORBEs (1964a) that the hindgut is excretory in
function. His view.is based on the fact that in some GoLGI complexes the area
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Fic. 29. Graphic reconstruction of the nervous system of a one day old Myzus persicae larva.
The dorsal part of the right half of the nervous system is taken away as shown in the most right
figure, Note the situation of the neural imaginal disc (nid) between the proximal medulla
interna (i) and the medial medulla externa (mme) (see Fig. 31). The letters S, T, and V cor-
respond with transverse sections given in Figs. 28, 30, and 32. For explanation of abbrevia-
tions see pages 144-147. ' '
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was fully expanded and occupied by small spheres and shells of electrondense
material. Moreover, these materials were often seen at the free cell surface, as if
they had just been ejected by the cell into the lumen.

Among all investigators who worked with M. persicac (MORREN, 1836;
BuckTON, 1876; BRAMSTEDT, 1948; ScHANDERL et al., 1949; ScHMIDT, 1959;
KikuMoto and Matsul, 1962; FORBES, 1964a) no one but TAKAOKA (1969)
could demonstrate the: presence of a filter chamber in this aphid. Possibly
TAKACKA (1969) worked with another aphid species than M. persicae, because
in some aphid species a filter chamber is present as described by MORDWILKO
(1895), KNowLTON (1925), BORNER (1938), LEONHARDT (1940), MICHEL (1942),
BrAMSTEDT (1948), and GooncHILD (1966) (Table 9). -

According to PaiLrot (1933) bacteria occur in the lumen and inside the
epithelial cells of the midgut of some aphid species. On the other hand SCHOEL
(1934) reported that the gut of Cavariella aegopodii, Megoura viciae, and
Doralis saliceti are free of microorganisms. SCHANDERL et al. (1949) isolated
yeast cells from the gut of M. persicae and other aphids (Table 9), which they
described as vesicle-shaped granules. In the present study microorganisms were
never observed either in the gut or in the honeydew in the larvae of M. persicae.
Oss1aNNILSSON (1961) and Forees (1964a) likewise did not mention microorga-
nisms in the gut of adult M. persicae in electron microscopical studies.

In M. persicae the anterior part of the rectum is occupied by epithelial cells
with a secretory function. Till now in aphids the existence of similar cells in
their rectum has never been reported. In coccoids analogous cells are found near
the anal opening which secrete by means of minute pores (PESSON, 1944).

Salivary gland :

The salivary gland of M. persicae has morphologically a similar structure as
described for many aphid species (MARK, 1877; WirLAcCZIL, 1882; CHOLOD-
KOVSKY, 1905; Grove, 1909; Davmson, 1913; BAKER, 1915; WEBER, 1928;
ToéTn, 1936; SMITH, 1939; LEONHARDT, 1940; MICHEL, 1942; ROBERTI, 1946;
ForTIN, 1958; SORIN, 1966 RILLING, 1967; TAKACKA, 1969; ADAMS and WADE,
1970; SaXENA and CHADA, 1971b) (Table 9).

WEBER (1928) considered the principal salivary gland cells of Aphis fabae 1o
be concerned with the production of secretory material. He found that in
paraffin sections stained with purpurin - naphtolgreen or WeiGERT’S haemato-
xylin-eosin the cytoplasm, the nuclei, and nucleoli of the gland cells within the
group of ‘Deckzellen’ and “Hauptzellen’ of the principal gland of Aphis fabae
reacted differently. Similar results were obtained with the salivary glands of
Lachnus piceae (LEONHARDT, 1940), Lacknus roboris (MICHEL, 1942), Crypto-
myzus ribis, Metopeurum fuscoviride, and Pentatrichopus tetrarhodus (MAc-
KAUER, 1959) stained with haematoxylin-HEIDENHEIN or MALLORY-AZAN, and
with the salivary glands of Aphis frangulae stained with haematoxylin-eosin
(RoBERTE, 1946). They attributed the differences to the various stages of secrete
production and release which occurred simultaneously in the principal gland.
This could imply tha_t cells with various secretory cycles would occur at random
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in the two lobes of the principal gland. However, this view is in contradiction
with the observations on the principal gland of M. persicae, since the optical
composition of the different celltypes did not change during larval life. More-
over, the total number of cells within each celltype and the topographical
position of these celis likewise remained constant. :

WiTLACZIL (1882) showed that the principal salivary glands of many aphid
species (Table 9) are composed of two types of cells, which were named by
WERER (1928) the ‘Deckzellen’ and ‘Hauptzellen.” Later ToTH (1936} found in
Stomaphis graffii, Cinara pinihabitans, and Megoura acoriti a third celitype, the
‘central cells’, situated between the cells of the above mentioned types. These
central cells resemble somewhat celltype 8 in M. persicae as depicted in Fig,
13 A. In the principal salivary glands of Macrosiphum solanifolii FORTIN (1958)
distinguished five different celitypes in each lobe, WEIDEMANN (1968) working
with adult M. persicae, found in dissected principal salivary glands immersed in
FEULGEN stain, nine different celltypes based on nuclear dimensions. In general
his results were similar to those described in the present study for larval prin-
cipal glands. WEIDEMANN (1968) distinguished, however, within the group of
celltype S (Fig. 13 A) two different celitypes (A/F-nuclei) notwithstanding the
average size of these nuclei was practical equally. In the larval gland the optical
composition of the six gland cells of celltype 5 was identical as well the size of
the nuclei and nucleoli (Fig. 14). Moreover, it appeared that (1) the A and F
cells (corresponding with celltype 5, Fig. 13A) are histochemically identical
(WEIDEMANN, 1970), (2) the A and F nuclei have the same volume, which may
vary, however, with the host plant species on which the aphids were reared
(WEIDEMANN, 1971a), and (3) only the A'and F nuclei increased their size about
twice when M. persicae was reared on PLRYV diseased P. floridana, as compared
to those grown on healthy P. floridana plants (WEIDEMANN, 1971b). From this it
can be concluded that histologically each lobe of each principal gland consists
of cight different celltypes (Figs. 13 A and 14). During Iarval life all these gland
cells contain a mass of secretory granules which are released by the cell into the
intercellular canaliculi. Presumably the substance secreted by the principal
salivary gland is composed of eight different components. The ultrastructure of
the principal gland cells of M. persicae, especially the presence of a well-devel-
oped rough-surfaced endoplasmic reticulum in them, also _suggest that they are
involved primarily in the synthesis of secretion proteins (MoErICKE ‘and
WOHLFARTH-BOTTERMANN, 1960a, 1963). _

MOERICKE and WOHLFARTH-BOTTERMANN (1960a, c} repotted the presence of
myofibrils in the distal region of the principal salivary glanfis of M. persicae.
They supposed that, by contracting, the myofibrils help to discharge the secre-
tory material from-the gland cells into the salivary duct: Such a mechanism
takes place in the salivary, mammary, and SWEa‘[‘ glands in mammals (BLoom
and FAwcEeTT, 1969). In these glands a discontinuous layer of processes of
myoepithelial cells occurs lying on the epithelial _s:de of the basement Iam{na.
In M. persicae, however, the myoepithelioid ccll. lies only between t_he terminal
portion of the two lobes. It is improbable that this cell should be acting as pump
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Fic. 30. Composition made from four successive transverse serial sections through the head
of a one day old Myzus persicae larva showing position of protocerebral (p), deutocerebral
{d), tritocerebral (1), and frontal ganglion {fg) with their nerves.. Note the paired bilobed
pharyngeal ganglion (phg) which passes into the epipharyngeal gustatory organ {ego). In the
head the mesodermal tissue (fat cells, fac) is distributed between the various organs, connected
with connective tissue cells (ctc). The position of this section (T) is given in Figs, 1-3 and 29.
For explanation of abbreviations see pages 144-147. : '

mechanism for releasing secretory material from all the gland cells into the
canaliculi. . ' S : S -

On the other-hand, it was found that the myoepithelioid cell has the oppor-
tunity to admit haemolymph into the lumen of both internal salivary ducts.
This evidence is supported by the presence of (1) a labyrinthine system: of
irregularly oriented processes of the myoepithelioid cell membrane in the region
of both ducts and the intercellular canaliculi of celltype 7 (Fig. 15); and (2)
many vacuoles at the periphery of the contractile mass (Fig. 17 A). Similar
structures have so far never been observed in myoepithelial cells (SMITH, 1968;
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BLoom and FAWCETT, 1969). Presumably the myoepithelioid cell functions as a
sponge-like contractile filter mass possibly working selectively. The results with
_ injection of EvVANS blue in the haemolymph via the cornicles should indicate in
that direction. The admission of haemolymph into the lumen of the salivary
ducts presumably serves (1) to dissolve the granulated secretion products
extruded by the principal gland cells, and/or (2) to remove waste material from
the circulation with the saliva. -

The innervation of the sativary gland of M. persicae appears to reach the
principal salivary gland by a paired nerve of the dorsal nervous system origin-
ating from the paired corpus cardiacum mass. In Heteropfera the principal
glands are innervated by a nervous plexus which is supplied by a nerve from
the hypocerebral ganglion (BaBrist, 1941). In the coccoid, Icerya purchasi
Mask, however, the accessory salivary glands are innervated by a nerve branch
originating from the tritocerchrum (PEssoN, 1944). SAXENA and CHADA (1971b,
d) found a nerve plexus on the anterior end of the principal salivary glands of
Schizaphis graminum, a caplike innervation formed by a short nerve arising
from the posterior end of the suboesophageal ganglion, while the accessory
glands are supplied with a nerve from the anterior region of the suboesophageal
ganglion. The nerve which enters into the distal region of the principal salivary
glands of M. persicae, has been mistaken for a trachea (MARK, 1877), or for a
strand of fatty tissue (ADAMS and WADE, 1970) in several aphid species (Table

9, o
The salivary glands of M. persicae alternately produce a watery secretion
and a viscous one (BRADLEY, 1959). Similar secretions were observed in' other
aphid species (MILEs, 1959, 1968; RILLING, 1967) (Table 9). Acl:cordlng to
MILEs (1968) the nongelling watery secretion contains enzymes which serve to
dissolve the layers of the mid-lamellae during penetration of the stylets into
plant tissues (ZWEIGELT, 1915), while the viscous fluid forms the stylet sheath.
The latter acts as a supporting structure for the stylets (BﬁS.GEN, ‘1891)._ P_‘rom
- this it can be supposed that in M. persicae the watery secretion must originate
from the secretory principal gland. The gland cells of the pl:mm.pal glanc_i pro-
duce secretory granules, the substance of which probably is dissolved in the
haemolymph pumped by the myoepithelioid cell into the lumen of the salivary
duct, Moreover, Bastist (1941) found that the accessory sa!lvary glands of
Heteroptera appear to produce only a watery secretion 1n which there are no
enzymes. : . : }

The vertical orientation of mitochondria in slender compartments formed by
infolding of the basal cell membrane of the accessoric cells (WOILLFARTH-
BoTTERMANN and MOERICKE, 1960) indicates a rapid trqnsport of water and
ions (BLoom and FAwcerT, 1969). Especially the extensive system of _mlmft‘uf
intracellular canaliculi lined with numerous closely aggreg?t.ed, long microvilli
points to a rapid discharge of excretory procllucts to the chitinous lumen of the
salivary duct. Presumably the ‘accessory saln:ary gland excretes & watery sus-
pension which, during its discharge to the sallvar}[ pump, is dehydrated by ﬂEe
duct cells to form the final viscous fluid, This implies that the salivary sheath is
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an excretion product of the accessory glands. The viscous fluid, which coagu-
lates rapidly in plant tissues forming the salivary sheath, presumably contains
waxy droplets. This is suggested by the intimate association of numerous waxy
droplets only with the accessory gland, although they are never observed
inside their cells as described for the hindgut (page 29 ). The waxy droplets,
originating from degenerating fat cells (page 50 ), presumably render the stylet
sheath its waterproofing. It is interesting to note that the ‘large particles’ in the

AN

Fia. 31. Composition made from nine successive transverse serial sections through the head
of a one day old Myzus persicae larva showing mandibular (mdr) and maxillary retort-shaped
o;gans' (mxr), and stylets (md; mx) with their muscles. Note the nerve fibres originating from
the epipharyngeal gustatory organ (ego) which probably communicate with receptor hairs

placed on the clypeo-labrum (cIb). The positi . : L P
© . position of this section .
For explanation of abbreviations see pages 144-147, s .gl‘-’en in Figs. 1 and 3
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cytoplasm of the accessory salivary gland cells (WOHLFARTH-BOTTERMANN and
MoERICKE, 1960; Fig. 2). as well as the ‘spheres and shells of electrondense
material’ in the epithelial cells of the hindgut (Forses, 1964a; Figs. 63 and 64)
show a similar structure as the waxy droplets in degenerating fat cells (Fig. 35 D)
or in the haemolymph (Figs. 35 E and 36 C) of M. persicae. This suggests that
the waxy droplets originating from degenerating fat cells may penetrate into the
cells of the accessory glands.

The ultrastructure of the duct cells of M. persicae is described by MOERICKE
and WOHLFARTH-BOTTERMANN (1960b). Similar structures are also found in the
duct cells of the salivary gland of the orthopteron, Schistocerca gregaria
FORSKAL (KENDALL, 1969), and the intermediate portion of the median salivary
lobe of Anopheles stephensi Liston (WRIGHT, 1969). These authors suppose
that the fine structural organization of these cells is believed to be associated
with an active transport mechanism of water and/or ions, but does not give an
indication of the direction in which this transport occurs (SMITH, 1968). Presum-
ably the duct cells of M. persicae function to regulate the ‘water and ions
content’ of the secretion products extruded by the principal gland cells into the
lumen of the salivary duct to which the myoepithelioid cell supplies an excess of
haemolymph. Furthermore the duct cells presumably serve to dehydrate the
watery suspension from the accessory gland cells to form the final viscous fluid
for the salivary sheath.

Mesodermal derivates . .
Descriptions of the so-called ‘fatbody’. of several species of aphids are given
by many authors. According to METSCHNIKOW (1866), working with Aphis rosae
the first fat cells arise in the head of the embryo. Subsequently the small poly-
gonal fat cells are distributed from the head via the thorax to the abdomen.tlll
the fatbody has attained its final composition. However, METSCHNIKOW"S view
is in contradiction with the findings in M. persicae where the area of origin of
the mesodermal tissue is situated in the vicinity of each corni_cle. The first t'"at
and basophilic mesodermal cells start to degenerate in this.reglon qf the gphld,
after differentiation of the embryonic mesodermal cells into their degvates,
The degenerating fat cells in M. persicae (Fig. 22, 4-17; celltypes J-L} which are
situated both inside the cornicles and in front of their bases are mlsta.ken for
gland cells by MoRReEN (1836). Similar cells were later on observed in many
other aphids (Table 9) and described as air cells (KALTENBACH, 1843)., oil-like
globules (BuckTon, 1876), sugar cells (WITLACZIL, 1882), excretion cells
(WiTLACZIL, 1884), wax producing gland cells (BUSGEN, 1891; HORVATH, 1904),
glandular wax cells (MORDWILKO, 1895; DAVIDSON, 1913; BAKER, 1915)T
glandular cells (FLOGEL, 1905; HOTTES, 1928), wax cells (HOLLANDE, 191t;
WEBER, 1933), fat cells (HoLLANDE, 1911; WYNN apd BOUDREAUX, 1972), ng
globules (RoperTI, 1946), macronucleocytc§, adlpo_leucocytes (Liu, 1956),
modified oenocytes (EDWARDS, 1966), spherical bodies (STRONG, 1967), corc;
nicle cells (LINDSAY, 1969), multicellular sacs, and glandular. sacs (‘_NYNN an
BoubpreAUX, 1972). According to these authors these cells might be involved in
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the function of the cornicles which were broadly classified as excretory (Rau-
MUR, 1742), respiratory (BoNNET, 1776), protective (BUSGEN, 1891), excretion
of non-nutritious resinous materials unavoidably ingested with the plant sap
(Hottes, 1928), or removal of excess lipid metabolized from a diet high in
carbohydrates ((WyYNN and BOUDREAUX, 1972).

In a study of the haemolymph of several species of aphids (Table 9), HOLLAN-
pE(1911) recognized five groups of cells, distinguished as proleucocytes, phago-
cytes, fat cells, wax cells, and oenocytoids. The phagocytes and fat cells are
derived from the proleucocytes, after which the fat cells develop into wax celis
by the forming of waxy droplets. Similar types of celis are also found in the hae-
molymph of the coccoids Pseudococcus farinosus de GEER, Orthezia urticae L.
(HoLLanpE, 1911), and Pulvinaria mesembryanthemi VALLOT (PoIssoN and
PessoN, 1939). In M. persicae, on the other hand, no circulating cells were ob-
served in the haemolymph. Its mesodermal tissue is composed of fat cells, baso-
philic mesodermal cells, and connective tissue cells, all of which are derived
from the embryonic mesodermal cells. The latter may be compared with the
proleucocytes of HoLLANDE (1911), while the wax cells represent the degener-
ating fat cells in the vicinity of the cornicles of M. persicae. In Rhopalosiphum
nymphaeae and Aphis rosae embryos the embryonic mesodermal cells are
mentioned as haemocytes by HirsCiiLer {1912).

Furthermore several celltypes are found in the hacmolymph of other aphid
species and described as phagocytes, oenocytoids (HoLLANDE, 1911), and in the
coccoid P. mesembryanthemi as giant cells (PoissoN and Pesson, 1939). In
M. persicae these cells correspond to stages in development, including the
degeneration process, of the basophilic mesodermal cells (Fig. 21). Moreover,
in contrast to the above mentioned suggestions it appears upon careful exam-
ination that the basophilic mesodermal cells do not occur in the haemolymph
of M. persicae, but they are evenly dispersed among the fat cells of the mesoder-
mal tissue. Similar cells are observed in the fat body of Aphis pelargonii (WILL,
1889), Macrosiphum tanaceti (UiCHANCO, 1924), Aphis gossypii (SPENCER,
1926; Liu, 1956), Macrosiphum *solanifolii (SPENCER, 1926; StiLEs, 1938),
Aphis pseudobrassicae (SPENCER, 1926), Stomaphis quercus (KLEVENHUSEN,
1927), Hyalopterus pruni (JANISZEWSKA, 1932), Aphis pyraria (PAILLOT, 1933),
Macrosiphoniella millefolii, Amphorophora aconiti (Botsg, 1936), Sacchiphantes
viridis (PROFIT, 1937), Aphis frangulae (ROBERTI, 1946), Dactylosphaera vitifolii
(BREIDER, 1952), Metopeurum fuscoviride (MACKAUER, 1959), Aphis pomi
(MACKAUER, 1965), Aphis fabae (EHRHARDT, 1966; TREMBLAY, 1966), Brevicory-
ne brassicae (TREMBLAY, 1966), Amphorophora sonchi, and Monellia costalis
(WYNN and BOUDREAUX, 1972), as well as in several white flies (WEBER, 1935a),
and caIled. oenocytes, hacmocytes, or unnamed by these authors (Table 9).
However, in M. persicae the oenocytes are situated in the body cavity and are
characterized by the presence of a large amount of cytoplasmic granules and an
irregular nucleus, ' : -

In M. persicae the connective tissue cells mainly occur at the periphery of the
mesodermal tissue although some of them are distributed among the mesoder-
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Fic. 32. V. Composition made from five successive transverse serial sections through the head
of a one day old Myzus persicae larva showing arrangement of foregut (f), fat cells (fac), baso-
philic mesodermal cells (bmc), connective tissue cells (ctc), pericardial cells (pee), dorsat vessel
(dv), tracheae (tr), medial dorsal nerve (N13), corpus allatum (ca), and circumoesophageal
connectives just before the suboesophageal ganglion. The position of this section (V) is given
in Figs, 1-3, 23, 24, and 29, V', Transverse section through the head of a nine days old larva
(just adult stage). Note the intact symbionts (5) which are present in the haemolymph of adult

aphids. For explanation of abbreviations see pages 144-147.

mal derivates as well as in the haemolymph (page 54). Similar spindle-shaped
—cells are found in the haemolymph of Aphis gossypii (LiU, 1956), Metopeurum
fuscoviride (MACKAUER, 1959), Aulacorthum  circumflexum, Macrosiphum
euphorbiae, - Nasonovia ribis-nigri (GRIFFITHS, 1961), Brevicoryne brassicae,

M. persicae, and Macrosiphum rosae (HINDE, 1971a), and called phagocytes,
Iymphoeytes, blood cells, or haemocytes by these authors (Table 9). ﬂowev:er,
in M. persicae the haemolymph is characterized by the absence of circulating
haemocytes. L e N _
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KLEVENHUSEN (1927) reported the presence of haemocytes in Macrosiphum
tanacetum and Macrosiphum tanaceticolum (Table 9). From his pictures they
appear to be fat cells of which the cytoplasm is filled with many vacuoles
whereas the nucleus lies at the periphery against the cell membrane. According
to this author these cells are capable to digest the rod-shaped symbionts which
occur in these aphids, ‘

In smear preparations of haemolymph of adult M. persicae and Acyrthosi-
phon pisi SCHMIDT (1959) observed two types of haemocytes. From his descrip-
tion of these celltypes, however, it may be deduced that they are intact nuclei
from degenerated fat cells and intact symbiouts which lberate after disintegra-
tion of the mycetocytes, The chromatin of these intact nuclei is partly or com-
pletely dissolved (karyolysis) showing a delicate network of eosinephilic
strands (page 52). YEAGER and KNIGHT (1933) showed that the haemolymph
of M. persicae and Aphis maidis, obtained by severing one or more appendages
in a drop of oil (Nujol), exhibited no coagulation as well as the cells which oc-
curred in the haemolymph (Table 9). .

The existence of pericardial cells in aphids has already been reported by
MorDWILKO (1895) from Trama troglodytes, by FLOGEL (1905) from Aphis ribis
and Aphis platanoides, by BREIDER (1952) from Dactylosphaera vitifolii, and by
HoLMAN (1958) from 29 species of aphids including M. persicae (Table 9).
Later on it was found that in Drepanosiphum platanoides the pericardial cells
are connected by a thin nerve to the medial dorsal nerve (JoHNsON, 1963).
Similar results were observed in M. persicae (BOWERS, 1964). Further it was
found that some pericardial cells (Fig. 24, d) occur in the vicinity of the wing
muscles of Trama troglodytes (MORDWILKG, 1893), and of some aphid species
including M. persicae (HOLMAN, 1958). In M. persicae (Figs. 20 and 24 a, b, ¢},
" Neomyzus circumflexus, Macrosiphon solanifolii, and Cinara pini (Table 9) 2-3
pericardial cells are observed in both ventrolateral regions of each thoracic
segment (HoLMAN, 1958). They presumably are closely associated with the
presence of pulsatile organs, which are found in the legs of M. persicae (RI-
CHARDSON 1918).

M 'yeetome
" The mycetome (pseudovitellus; Huxtgy, 1858), named by SuLc ( 1910) 15 a
.complex organ composed of mycetocytes harbouring microorganisms in their
cytoplasm. These microorganisms are commonly considered to be symbionts.
In spite of the many studies which have been summarized by Surc (1910),
UicHANCO (1924), BUCHNER (1953), and HINDE (1971a) their nature is not
clearly understood.

WITLACZIL (1882) who has studled many aphld species (Table 9) reported
that the mycetome is enclosed by a nucleated sheath. FL3GEL (1905) doubted
the presence of a sheath because he found the mycetocytes scattered throughout
the body cavity of Aphis ribis. In the aphids Macrosiphum tanaceti (UICHANCO,
1924), Cavariella aegopodii, Megoura vicige, Doralis saliceti (ScHOEL, 1934),
Hormaphis hamamelidis (LEwis and WALTON, 1958), and M. persicae (Figs. 1
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and 26) the mycetome is enclosed within a nucleated sheath and grows solely
by enlargement of the mycetocytes during larval-life to disintegrate from the
fourth day onwards into groups of one or more mycetocytes. These results are
supported by LEBLANC and MUSGRAVE (1963) who showed that the myceto-
cytes are present as single cells in the abdominal region of adult Aphis fabae and
Macrosiphum pisi, whereas in aphid embryos inside the adults the mycetocytes
still form a mycetome.

UicHANCO (1924) reported that soon after reaching the adult stage of
Macrosiphum tanaceti, the mycetocytes and their symbionts begin to degenerate,
whereas in Aphis fabae this process starts when the adults have reached the
maximum reproductive stage until in very old adults there are no intact mi-
croorganisms present (EHRHARDT, 1966). In the present study it was found that
during larval life of M. persicae symbionts degenerate within the mycetocytes,
and that at the ninth day the cell membrane of some mycetocytes starts to dis-
solve after which intact and degenerating symbionts are liberated into the hae-
molymph. This process continues in the adult stage and it agrees with the oc-
currence of intact and degenerating symbionts in the cornicle secretion of adults
(Table 7). According to T6TH (1933, 1938) the symbionts of Stomaphis longiros-
tris, Brachycaudus cardui, and Pemphigus spirothecae become phagocytized or
dissolved by oenocytes. The oenocytes move towards to the mycetome, contact
it and next enter this organ. The symbionts then dissolve after which the oeno-
cyte itself degenerates. During larval life of M. persicae, however, such process
is never observed as well as in all developmental stages of Brevicoryne brassicae
(Lamp and HINDE, 1967). Electron microscopically HINDE (1971a) showed that
at all stages of development of Brevicoryne brassicae, M. persicae, and Macrosi-
DPhum rosae, degenerating symbionts occur within their mycetocytes, and that
their destruction appears to.be brought about by the actiop of lysosomes.
Furthermore, HinpE (1971a) noted that symbionts released into the haemo-
lymph are engulfed and digested by phagocytic, spindle-shaped haemocytes.
These spindle-shaped cells with a relative large nucleus are the connective tissue
cells, because in M. persicae the haemocytes are lacking. ' '

- In many species of aphids the mycetome harbours 1-3 species of microorga-
nisms (BUCHNER, 1953). The mycetocytes in M. persicae contain pnly sphepcal
symbionts dividing like bacteria. The average diameter of the microorganisms
is 2.7 ¢ which is about equal to that of the spherical bodies found in the mycej
tomes of other aphids measuring about 1-4 1 (Koch, 1930; WALL, 1933;
T6TH, 1933; ScHOEL, 1934; ROBERTI, 1946; LEws and WALTON, 1958; VAGO
and LAPORTE, 1965; EHRHARDT, 1966; LAMB and HINDE, .1967; HIb}DE, 1971‘?)
(Table 9). Granulated structures in the centre of spherical symbionts as in -
M. persicae (Fig. 26) have been previously obser\fed in Alphas rumicis (KOCH,
1930), Cavarielia aegopadij, Megoura viciae, Doralis saliceti (_SCHOEL, 1934()1, E;ll'ld
many other aphid species (PAILLOT, 1933) (Table 9). It was demonstrated that
these substances which occur likewise in the thread-like s;_rmhtonts of §everal
insect species (KoLs, 1959), as well as in the spherical symbionts of Bre Wgﬁ’f
brassicae (LAMB and HINDE, 1967), represent nuclear material containing .
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Tn uitrathin sections HINDE (1971b) showed the presence of fibrillar DNA inside
the symbionts of Brevicoryne brassicae, M. persicae, and Macrosiphum rosae.

Many investigators have considered the symbionts as yeasts (KONINGSBERGER
and ZIMMERMANN, 1901), saccharomycetes (SULC, 1910), bacteria (PAILLOT,
1933), and cell units (LANHAM, 1952). VAGO and LAPORTE (1965) demonstrated
that the spherical symbionts occurring in the mycetome of Macrosiphum rosae,
are distinguished from free bacteria by the absence of a wall. They suggest that
the symbionts which are only enclosed by a plasma membrane originate from
bacteria in which the intracytoplasmic medium of the mycetocytes has induced
an adaptation. On the other hand, L.aMB and HINDE (1967) and HiNDE (1971b)
found that the symbionts of Brevicoryne brassicae, M. persicae, and Macrosi-
phum rosae are enclosed by a cell wall in addition to a plasma membrane. From
their electron microscopical observations they concluded that the symbionts of
aphids are rickettsialike microorganisms. : :

The disintegration of the mycetocytes has nothing to do with the transfer of
the microorganisms to the developing embryos. The transfer of microorga-
nisms to the progeny occurs very early. In the new adult we can find two gener-
ations of embryos which are already provided with a mycetome. A detailed
study of the migration of symbionts from embryo to embryo is given by
Uicuanco (1924) for Macrosiphum tanaceti and by BurHARDT (1966} for
Aphis fabae. - . : S :

Oenocytes : ' o

WieLowiesskt (1886) observed in the body cavity of several insect specics
cells, which he called oenocytes because of their wine-yellow colour in fresh
preparations. According to this author these cells are easily distinguished from
the fat and pericardial cells by the presence of numerous dispersed granules or
accumulations of them in the cytoplasm. WHEELER (1892) concluded that the
oenocytes are derived from the ectoderm and after their differentiation they
never divide but gradually increase in size. The ectodermal origin of oenocytes
indicates a glandular function and gland cells are usually distinguished by their
large and often irregular or branched nuclei (SNODGRASS, 1935); GLASER (1912),
working with larvae of several insect species, reported that oenocytes have a
secretory function because of the presence of microscopical exudations around
the periphery of the cytoplasm, especially at periods when the nucleus is greatly
ramified. In the insect species studied by HoLLANDE (1914), the larval oenocytes
possess a homogeneous cytoplasm with a spherical nucleus, whereas the cyto-
plasm of the imaginal oenocytes is vacuolated and contains a branched nucleus.

The cells which are found in the body cavity of M. persicae (Fig. 1), are
presumably of ectodermal origin because they are observed before the appear-
ance of embryonic mesodermal cells. In young embryos they lie against the
developing mycetome, which is also reported to occur in some other aphid
species by HOLLANDE (1911). Moreover, in M. persicae the cells contain granules
in their cytoplasm and an irregular or branched nucleus (Fig. 21. F-I). The
basophilic granules which occur in vacuoles in the cytoplasm, are presumably
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released by the nucleus after which they are transported to the cell membrane and
subsequently liberated into the haemolymph. Based on the above mentioned
observations these cells have been named oenocytes. Oenocytes have been shown
in Stomaphis longirostris, Brachycaudus cardui, Pemphigus spirothecae (TGTH,
1933, 1938), and Dactylosphaera vitifolii (BREIDER, 1952), but in contrast to
those of M. persicae these cells possess a spherical nucleus. Probably DaviDson
(1913), PaiLLot (1934, 1938), and ScHOEL (1934) have also observed oenocytes
in aphids, which may be concluded from their descriptions or figures of what
they called large cells with coarse granular contents occurring in Schizoneura
lanigera, giant cells in Chaitophorus aceris and Chaitophorus Iyropictus, or
phagocytes in Cavariella aegopodii, Megoura vicige, and Doralis saliceti.
LAMPEL (1959, 1962) reports the presence of oenocytes in Pemphigus populi-
nigrae and Pemphigus bursarius, which increase considerably in size to become
giant cells when these aphids are parasitized by Polynema schmiizi SOYKA
(Table 9). .

Circulatory system . .
The presence of a dorsal vessel has been described for Drepanosiphum plata-
noides (BUCKTON, 1876; JOHNSON, 1963), Aphis pelargonii;, Pemphigus spirothe-
cae (WITLACZIL, 1882; WiLL, 1889), Trama troglodytes (MORDWILKO, 1895),
Aphis platanoides, Aphis ribis (FLOGEL, 1905), Pemphigus bursarius (PFLUG-
FELDER, 1936), Aphis frangulae (ROBERTI, 1946), and Dactylo.sphaera‘ vitifolii
(BREIDER, 1952) (Table 9). According to WITLACZIL (1884) a pair of ostia occur
on the junction of each two abdominal segments. MORDWILKO (1895) refers to
the presence of a chambered dorsal vessel of which cach chamber is provided
with a pair of ostia situating laterally in the middle of them. In Dactyfosphaer_a
vitifolii the dorsal vessel contains one pair of ostia where:‘as its posterior .end is
open (BREIDER, 1952). In paraffin sections of M. persicae it was not Posmblc to
detect chambers and ostia; by iniecting with indian ink via the cornicles, how-
ever, three pairs of ostia could be observed { Fig. 3). _ -
According to PFLUGFELDER (1936) and JOHNSON {1962) the fiorse.ll vessel is
attached with its ventral wall to the corpus allatum. In M. persicae 1t was ob-
served that only the lateral sides of the ventral aortic wall are connected with the
corpus allatum, so that the fused medial nerve can run frec between the aorta
and the corpus allatum (Fig. 32). The ventral aortic wall terminates half-way
the corpus allatum, while the dorsal aortic wall is attached to the corpora car-
diaca (Fig. 28). :
Buckion (1876) observed a
Platanoides. At the knee-joint of each
be responsible for the propulsion of
vations are reported for M. persicae

(HENKE, 1924). They found a delicate tubu! ;
below its juncture with the femur. It is possible that the tubular pulsatile organs,

which in the present study of M. persicae were traced in th.e coxa, contin}uc in
the tibia of each leg. It was shown that the tubular pulsatile organs are innez-
89

rapid pulsation in the legs of Drepanosiphum
tibia he found a pulsating sac which may
haemolymph into the leg. Similar obser-
(RICHARDSON, 1918) and for Aphis sp.
ar organ in the tibia of each leg just
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vated by nerves. Presumably these nerves are branches from the lateral nerve.
According to JoHNsON (1963) the lateral pair of nerves arising from the corpora
cardizca follow tracheae to the vicinity of the thoracic spiracles and then pass
downward and posteriad into the abdomen. '

Cornicles :

The most characteristic morphological features associated with the family
Aphididae are the cornicles. Apparently the first author who published on
these structures was SWAMMERDAM (1669), characterizing them as ‘pointed
hairs.” VAN LEEUWENHOEK (1696), in an extensive study on the biology of
‘aphids, observed that ‘aphids possess two erected apparatus on the posterior
dorsal end of their abdomen, from which a drop of clear liquid comes out’.
Later on it was reported that in many aphid species the cornicles are placed
dorsolaterally on the sixth abdominal segment (KALTENBACH, 1843; HuxLEY,
1858; BuckToON, 1876; THEOBALD, 1926; HoTiEs, 1928). This was coatradicted
by many authors (WITLACZIL, 1882; HORVATH, 1904; DAvIDSON, 1913 ; WEBER,
1928; ROBERTI, 1946; REMAUDIERE, 1964; LINDSAY, 1969; and others) who
stated that they are outgrowths of the fifth abdominal tergite. Actually there are
cases in very elongated aphids in which cornicles have shifted to the sixth tergite
(BORNER, 1930: Laingia; HILLE R1s LAMBERS, 1939: Holcaphis).

‘The elevation of each cornicle, reported by WiTtLAczIL (1882), is controlted
by a muscle originating from the ventral surface of the sixth abdominal sternite
and - radialty connected with the tip of the cornicle. FLOGEL (1905) found that
this muscle is inserted at the valve-like flap situated on the tip of each cornicle,
which serves to discharge the secretion products. The erection of the cornicles
is controlled by a second muscle. Hortes (1928) who has studied all types.of
cornicles within the family Apkididae, ascertained that the erection of the cor-
nicles and the opening of the valve takes place by contraction of the valve
retractor muscle. However, in a study on the cornicles of Schizoneura americana
(MILLER, 1933), Aphis frangulae (ROBERTI, 1946), Aphis gassypii (LU, 1956),
and Acyrthosiphon pisum (LINDsAY, 1969) two muscles (the valve retractor
muscle and the cornicle elevator muscle) are found, which have the same func-
tion as was suggested by FLOGEL (1905) for Aphis ribis. Moreover, MILLER
(1933) found a third muscle which effects the backward movement of the cor-
nicle. This muscle arises on the posterior wall of the fifth abdominal segment,
ventrally, and has its insertion on the posterior region of the base ot the cornicle.
In M. persicae each cornicle is supplied with two muscles, of which the cor-
nicle elevator muscle presumably serves for the erection of the cornicle, while
the opening of the valve takes place by contraction of the valve retractor
muscle. This is supported by the fact that the cornicles can only secrete when
they are in an ¢rected position.

The cornicle secretion is composed of the same cellular material as was found
in the haemolymph and mesodermal tissue, namely degenerating fat cells, dis-
integrated nuclear material, wagy droplets, thomb-shaped crystals, intact and
degenerating symbionts, and degenerating basophilic mesodermal cells. The
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last two products occur in the secretion of adult M. persicae (Table 7). Fol-
lowing BUsGEN (1891) many investigators have reported that the hardening
process of the cornicle secretion is due to a waxy-like substance, According to
MorpwiLKO (1895) the waxy substances in the cornicle secretion of Lachnus
viminalis is identical to the fatty substance occurring in fat cells. In the present
study it was found that the fat cells of celltype J (Fig. 22), of which the cell
membrane is still intact and contain lipid, are responsible for the hardening of
the secretion of M. persicae after it has passed the cornicles. This view is sup-
ported by STRONG (1967) who showed that the hardened droplets in the cornicle
secretion of M. persicae, Acyrthosiphon pisum, and Chaitophorus sp. were com-
posed primarily of triglycerides. Moreover, the lipid found in the cornicle
liquid of many other species of aphids (Table 9), appeared to be triglyceride
{WynNN and BOUDREAUX, 1972). '

Although cornicle droplets occasionally are observed on plants colonized by
M. persicae, it temains an open question whether aphids continually expel this
material via the cornicles. BuckToN (1876) supposed that the ‘oily globules’,
which are stored around the bases of the cornicles, must leave the aphid’s body,
since otherwise the accumulation of these globules would cause its death. Liu
(1956) showed a reduction in longevity, reproductive period, and fecundity of
Aphis gossypii with their cornicles being cut or sealed. On the other hand,
STRONG (1967) ascertained that there was no difference in the production of
progeny and life span between Acyrthosiphon pisum, of which the’ tips of the
cornicles were plugged 24 hours after birth with nontoxic silver paint, an.d un-
treated pea aphids. This suggests that it is not necessary for aphids to void the
above mentioned substances via the cornicles. It is possible that these substan-
ces, of which the degenerating fat and basophilic mesoderrpal cc].Is _completely
disintegrated into unrecognizable substances, are excreted via specialized organs
as was found for the waxy droplets in M. persicae. These droplets are excreted
by the hindgut and presumably also by the accessory salivary gl'ands. That the
cornicles might act as an excretory organ is suggested by REAuMUR (1742,
urinary organ) and supported by many investigators, especially in connection
with the absence of the MALPIGHIAN tubes {BONNET, 1745; RAMDOHR, 1811;
MORREN, 1836; BUCKTON, 1876; WITLACZIL, 1884; Liu, .1956). On the other
hand, HamiLTON (1935) supposed, that much of tl}e material excreted f_rom tpe
haemolymph is not passed out of the body, but is removed to the epidermis,
deposited in the cuticle, and cast off with the exuvium, or 1n adult. M. persicae
becomes accumulated there. Moreover, HoLman (1958) found that in Neomyzus
circumflexus the injected indian ink accumulated on the surface of the dorsal
vessel and some other internal organs (ovarial ligaments, basement membrane
- of hindgut), but also beneath the epidermis and in the epidermal cells lying un&
der abdominal sclerotised patterns. EASTOP and Banks (1970) del_nonst.rz}(tle
that in populations of M. persicae tesistent to t')l'gaﬂﬂp_}losl’hom;}ns‘?t’;'l €s
the cornicles are distinctly longer than in suscept’1b16 aphids. Accor ;n g to them
the selection for cornicle Iength might be due to increased excretory function, .1n
casu excretion of insecticides. '
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According to BUSGEN (1891) the rapidly solidified, waxy-like substance pro-
duced by the cornicles, servés to glue up the mouthparts of predacious and
parasitic enemies. Although BUsGEN’s defense theory found many supporters
(Horvari, 1904; FLOGEL, 1905; DE LA Torre-BueNo, 1907; DE FLUITER,
1931; WEBER, 1933; CosBeN, 1958; EvENHUIS, 1958; Dixon, 1958; EDWARDS,
1966), GILLETTE (1908b) and Hotres (1928) questioned this theory since the
cornicles are not well adapted to perform effectively the function of protection.
Within the family Aphididee the cornicles vary much in size and form, namely
from long and cylindrical tube-like structures to pore-like ones which are prac-
tically on the level with the integument (HOTTES, 1928). Recently KisLow and
EpwARDs (1972) found that aphids are repelled by the odour of cornicle drop-
lets. The aphids stopped feeding and rapidly moved away from the droplets
by leaving the leaf or moving to the other side. When the odour was placed near
aphids feeding on the underside of leaves they fell off. :

Nervous system

Many authors have described the nervous sytem of several aphid species
(WiTLACZIL, 1882; MORDWILKO, 1895; GROVE, 1909, 1910; Davipson, 1913;
BAKER, 1915; WEBER, 1933; BREIDER, 1952; TAKAOKA, 1969; SAXENA and
CHADA, 1971d). A more detailed study is given for the aphids Pemphigus bur-
sarius (PFLUGFELDER, 1936) and Aphis frangulae (ROBERTI, 1946}, as well as for
coccoids by Pesson (1944).

Thefirstreportonthe presence of agustatory organ inaphids is that by DAV]D-
SON (1914) for Schizoneura lanigera. According to him it is an organ of taste,
which enables the aphid to test the nature of the sap drawn into the pharyngeal
duct before it enters into the pump. This organ is situated above the epipharynx
which consists of a median row of eight sensillum pores. Since then a similar
-structure is found in Aphis fabae (WEBER, 1928), Pemphigus bursarius (PFLUG-
FELDER, 1936, buccal ganglion), Aphis frangulae (RoBerTI, 1946; buccal
ganglion), Hormaphis hamamelidis (LEw1s and WALTON, 1958), Megoura viciae
(EHRHARDT, 1963), Brevicoryne brassicage, and Tuberolachnus salignus (WENSLER
and FILSHIE, 1969). Morcover, WENSLER and FiLsHIE (1969) showed six lateral
sensillum pores between the two protuberances, three on each side of the
medial cuticular tendon. However, these pores are not observed in M. persicae,
but a stellate invagination situated in each lateral lobe of the epipharyngeal gus-
tatory organ which communicates with the pharyngeal duct. From the wall of
this invagination nerve fibres arise running to neurons situated mainly on the
periphery of the lateral lobes. Presumably these stellate invaginations can be
compared with the lateral sensillum pores of Brevicoryne brassicae and Tubero-
lachnus salignus found by WENSLER and FILSHIE (1969).

The hypopharyngeal gustatory organ of M. persicae contains four sensﬂlum
pores; two of them are situated in the cup-shaped part of the floor of the pha-
ryngeal duct (Figs. 5 and 8 no. 9-10), and the two other ones are located on the
foot of the salivary pumpstem (Figs. 5 and 19). This arrangement agrees with
that of the coccoids studied by Pesson (1944). The first mentioned sensillum
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pores occur also in the aphids Brevicoryne brassicae and Tuberolachnus salignus
{WENSLER and FiLsHIE, 1969),

Electron microscopical studies have revealed the presence of two dendrites in
the mandibular stylets of M. persicae; each dendrite has a distinet plasma mem-
brane enclosing two neurofilaments (FoREBES, 1966). Similar results were ob-
served in Aphis maidis (PArRRisH, 1967) and Schizaphis graminum (SAXENA and
CHADA, 1971a). Minute tubes were found earlier in the mandibular stylets
(Grovg, 1909), although they were stated to be empty (WEBER, 1928; VAN
Hoor, 1957). In coccoids these miinute tubes are observed in the maxillary
stylets too (Pesson, 1944), In M. persicaez embryas, however, minute tubes are
observed both in the mandibular and in the maxillary stylets (Fig. 8 no. 11-13).
The tubes in the mandibular stylets can be traced throughout its length, while
those in the maxillary ones only in their basal part. More distally it was impos-
sible to detect them. It is interesting to note that both mandibular and maxillary
retort-shaped organs are supplied by a nerve originating from the tritocerebral
lobe (Fig. 30), while a nerve originating from the tritocerebral longitudinal
tract terminates in the basal part of the mandibular stylets (Figs. 4 and 32 V).

In Trama troglodytes, Lachnus viminalis, and Lachnus pineus, MORDWILKO
(1895) described the presence of two ganglions which are connected by a nerve
with an unpaired organ lying under the dorsal vessel. Now today these organs
are called the corpora cardiaca and the corpus allatum; they have been found
in many aphid species (PFLUGFELDER, 1936; ROBERTI, 1946; CAZAL., 1948;
JounsoN, 1963; TAKAOKA, 1969). The total number (8-11) of cells in each
corpus cardiacum of M. persicae agrees approximately with that found in t_hc
aphids studied by JoHNsoN (1963). The corpus aliatum of M. persicae Cfmtalns
11-13 cells, but in the aphids Macrosiphum rosae, Aphis sp., and Pemphigus sp.
it was about 20 (CAzAL, 1948). From cach corpus carfhacum three nerves arise,
namely the medial, lateral, and ventral nerve. According to JOHNSON (1?6_3) the
lateral nerves in Drepanosiphum platancides follow tracheae to the vicinity of
the thoracic spiracles and then pass downward and backward into the abdomf:n.
The ventral nerve passes straight downwards and branches, the branches going
to the muscles connecting the stylets to the tentorium. ]

JouNson (1963) found that in adult aphids the thoracic gland ce}ls have dis-
appeared completely. From this data it can be cqncluded that the nine days .old
M. persicae used in the present study, was ju§t in th.c adult stage. M. pef::s:cae
moults very irregularly and the average duratton of its larval stage on C "11'-252
cabbage plants was 9-10 days at 20°C (PONSEN, 196?). That is th(; re(a;son tha
throughout this study the aphids were fixed at .appomted days. ”J;del egeni{a_
tion process of the thoracic gland cells starts In 2 seven days old larva after
which they were completely disintegrated in clusters of 1'rregu1a1;lsphcres .th i

The thoracic gland cells are situated in the vicinity o_f t le mesotho e
spiracles (Figs, 2 and 20), and not near the .pl'Oﬂ.’IOI'an spirac ei a:ls _:31.1;;;};?35;:1 :
by JonnsoN (1963). The first pair of thoracic sp1racl§s are situa ethm XeThe
terolateral part of the mesothorax, and the second pai in the m.?tal oras. ents
seven abdominal stigmata are found in the first seven abdominal segments.
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Their position and total number agrees with that found in Macrosiphum fana-
ceti (UicHANCO, 1924), Aphis fabae (WEBER, 1928), and Eriosoma lanigerum
(DE FLUITER, 1931). The supposition that the muscles of the seven abdominal
spiracles are innervated by branches originating from the main abdominal
nerve is based on the fact that in one case this connection was clearly seen,
namely that of the first abdominal spiracle. In Schizaphis graminum the first
pair of abdominal spiracles is innervated by a nerve originating from the abdo-
minal ganglion, while the remaining six abdominal spiracles are supplied by
nerve branches from the main abdominal nerve (ventral nerve cord; SAXENA
and CHADA, 1971d).

TABLE 9. Aphid names used by various quoted authors, corrected by D. HILLE R1s LAMBERS,

Acaudinum centaureae HoOLmAN, 1958 = Acaudinum dolychosiphon Morpv.
Acyrthosiphon caraganae ADAMS and WADE, 1970 = Acyrthosiphon caraganae CHOL.
Acyrthosiphon pisi SCHMIDT, 1959 = Acyrthosiphon pisum HARRIS

Acyrthosiphon pisi PARRISH, 1967 = Acyrthosiphon pisum HARRIS

‘Acyrthosiphon pisurm MOERICKE and MITTLER, 1965 = Acyrthosiphon pisum HArRIS

Acyrthosiphon pisum RICHARDSON and SYLVESTER, 1965 = Acyrthosiphon pisum HARRIS

" Acyrthosiphon pisum SHIKATA et al., 1966 = Acyrthosiphon pisurnt HARRIS
Acyrthosiphon pisum STRONG, 1967 = Acyrthosiphon pistm HARRIS
Acyrthosiphon pisim LINDSAY, 1969 = Acyrthosiphon pisum HARRIS
Acyrthosiphon pisum KisLow and EDWARDS, 1972 = Acyrthosiphon pisum HARRIS
Acyrthosiphon sp. HoTTEs, 1928 = Acyrthosiphon sp.

- Aeyrthosiphum pisum JORNSON, 1963 = Acyrthosiphon pisum HARRIS
Acyrthosiphon onobrychis Hotman, 1958 = Acyrthosiphon pisum HARRIS
Amphorophora aconiti BOESE, 1936 = Delphiniobium junackianum XK ARscH
Amphorophora agathonica K1sLow and EDWARDS, 1972 = dmphorophora agathonica HOTTES
Amphorophiora sonchi WynNN and BOUDREAUX, 1972 = Hyperomyzus lactucae L.
Anoecia cornf HOLMAN, 1958 = Anoecia corni F, )

Anoecia oenotherae HOTTES, 1928 = Ancecia oenotherae WILSON
Aphis aceris PELUGFELDER, 1936 — Periphiyllus aceris L.

Aphis cardui BUsGEN, 1891 = Brachycaudus cardui L.

Aphis cardui HOLLANDE, 1911 = Brachycaudus cardui 1.

Aphis craccivora MILES, 1959 = Aphis craccivora KocH

Aphis craccivora JOHNSON, 1963 = Aphis craccivora KocH

Aphis craccivora SorIN, 1966 = Aphis craccivora Kocl

Aphis craccivora WyNN and BOUDREAUX, 1972 = Aphis craccivora KocH
Apkis fabae BUSGEN, 1891 = Aphis fabae Scop.

Aphis fabae WEBER, 1928 = Aphis fabae Scor,

Aphis fabae MARTINI, 1958 = Aphis fabae Scop.

Aphis fabae JouNsoN, 1962, 1963 = Aphis fabae Scop.

Aphis fabae LEBLANC and MUSGRAVE, 1963 = Aphis fabae Scap.
Aphis fabae EDWARDS, 1966 = Aphis fabae Scop.

Aphis fabae EHRUARDT, 1966 = Aphis fabae Scop,

Aphis fabae TREMBLAY, 1966 = Aphis fabae Scop,

Aphis fabae Anams and WADE, 1970 = Aphis fabae Scop,

Aphis fabae Wynn and BOUDREAUX, 1972 = Aphis fabae Scop.,
Aphis (Doralis) frangulae ROBERTI, 1946 = Aphis frangulae KLTB. comp]ex
Aphis gossypii SPENCER, 1926 = Aphis gossypii GLOVER

Aphis gossypit WarL1, 1933 = Aphis go5sypiil GLOVER
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Aphis gossypii L1u, 1956 — Aphis gossypi{ GLOVER

Aphis gossypii WyNN and BOUDREAUX, 1972 = Aphis gossypii GLOVER

Aphis grossulariae ZWEIGELT, 1915 = Aphis schneideri BORNER

Aphis maidis YEAGER and KNIGHT, 1933 = Rhopalosiphum maidis Fircu

Aphis maidis PARRISH, 1967 = Rkopalosiphum maidis FitcH

Aphis mali RAMDORR, 1811 = Aphis pomi de GEER

Aphis mali PAILLOT, 1933 — Aphis pomi de GEER

Aphis papaveris DUFOUR, 1833 = Aphis fabae Scop.

Aphis papaveris SCHANDERL ¢t al., 1949 = Aphis fabae Scop,

Aphis pelargonii HUXLEY, 1858 = ? Acyrthosiphon malvae MOSLEY

Aphis pelargonii WITLACZIL, 1882 = Y Acyrthosiphon malvae MOSLEY

Aphis pelargonii WiLL, 1889 = 7 Acyrthosiphon malvae MosLey

Aphis persicae MORREN, 1836 = Myzus persicae SULZ.

Aphis pioridis BUSGEN, 1891 = Uroleucon picridis F. .

Aphis plantaginis BOSGEN, 1891 = Aphis plantaginis GOEZE

Aphis platanoides WITLACZIL, 1882 = Drepanosiphum platanoides SCHRANK
Aphis platanoides FLOGEL, 1905 = Drepanosiphum platanoides SCHRANK

Aphis pomi SCHALLER, 1961 = Aphis pomi de GEER

Aphis pomi MACKAUER, 1965 = Aphis pomi de GEER

Aphis pormi ApaMs and Wabk, 1970 = Aphis pomi de GEER

Aphis psendobrassicae SPENCER, 1926 = Lipaphis erysimi KLTB.

Aphis pyrarvia PAILLOT, 1933 = ? Dysaphis pyri FoOnsc. or? Melanaphis pyraria PAss.
Aphis ribis FLOGEL, 1905 = Cryptomyzus ribis L.

Aphis rosae DUFOUR, 1833 = Macrosiphum rosae L.

Aphis rosae METSCHNIKOW, 1866 = Macrosiphum rosae L.

Aphis rosae BUSGEN, 1891 = Macrosiphum rosae L.

Aphis rosae HIRSCHLER, 1912 = Macrosiphum rosae L.

Aphis rumicis ZWEIGELT, 1915 = Aphis fabae Scop.

Aphis rumicis KocH, 1930 = Aphis fabae Scop.

Aphis sambuci BUCKTON, 1876 = Aphis sambuci L.

Aphis sambuci MARK, 1877 = Aphis sambuci L.

Aphis sambuci WITLACZIL, 1882 = Aphis sambuci L.

Aphis sambuci BUSGEN, 1891 = Aphis sambuci L.

Aphis sambuci ZWEIGELT, 1915 = Aphis sambuci L.

Aphis sambuci GerscH, 1942 = Aphis sambuci L.

Aphis solidaginis BUSGEN, 1891 = Uroleucon (Uromelan) solidaginis F.

Aphis spivaecola WyNN and BOUDREAUX, 1972 = Aphis spiraecola PATCH

Aphis verbasci SCHANDERL et al., 1949 = Aphis verbasci SCHRANK

Aphis viburni BUSGEN, 1891 = Aphis virburni SCoP.

Aulacorthum circumflexum GRIFFITHS, 1961 = Neomyzus circumflexus BUCKT,
Betacallis gigantea HOLMAN, 1958 = Clethrobins comes WLK.

Brachycaudns cardui TOTH, 1933 = Brachycaudus cardui L.

Brachycandus cardui HoLMAN, 1958 = Brachycaudus cardui L. . )
Brachycaudus helichrysi SCHANDERL et al., 1949 = Brachycaudus hf’l‘Ch’ ysi KLTB.
Brevicoryne brassicae SCHANDERL et al., 1949 = Brevicoryne brassicae L.
Brevicoryne brassicae MOERICKE and MITTLER, 1966 = Brevicoryne brassicae L.
Brevicoryne brassicae TREMBLAY, 1966 = Brevicoryne brassicae L"

Brevicoryne brassicae Lamp and HINDE, 1967 = Brevicoryne brassicae L
Brevicoryne brassicae WensLer and FILSHIE, 1969 = Brevicoryne brassicae L.
Brevicoryne brassicae HINDE, 1971a, b = Brevicoryne brassicae L.
Brevicoryne brassicae KisLow and EDWARDS, 1972 = Brevicoryne
Byrsocrypta ulmi HOLMAN, 1958 — Tetraneura ulmi L. .
Cachryphora serotinge WyNn and BOUDREAUX, 1972 = Cachryphora serotinae OEsTL.
Calaphis betulella Hortes, 1928 = Calaphis betulella WALSH

Callaphis juglandis HoLmaN, 1958 = Callaphis juglandis GOEZE

brassicae L.
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Callipterinella betulaecolens HOTTES, 1928 = Calaphis betulaecolens FiTcH

Callipterus coryli BUCKTON, 1876 = Myzocallis coryli GOEZE

Callipterus quercus WITLACZIL, 1882 = Tuberculoides annulatus HTG,

Capitophorus sp. HOLMAN, 1958 = Capitophorus sp.

Catamergus sp. HOTTES, 1928 = Catamergus sp.

Cavariella aegopodii SCHOEL, 1934 = Cavarielia aegopodii Scop.,

Chaetophorella aceris HOLMAN, 1958 = Periphyllus aceris L.

Chaetosiphon fragaefolii KisLow and EDWARDS, 1972 = Chaetosiphon (Pentatrichopus)
Jragaefolii Cock. ’

Chaitophorus aceris PAILLOT, 1933, 1934 = Periphyllus aceris L.

Chaitophorus lyropictus PAILLOT, 1933, 1938 = Periphyllus Iyropictus KESSLER

Chaitophorus populeti HoLMAN, 1958 = Chaitophorus populeti Pz.

Chaitophorus populi WITLACZIL, 1882 = Chaitophorus populeti Pz.

Chaitophorus sp. STRONG, 1967 = Chaitophorus sp.

Chermes abietis MARK, 1877 = Adelges abietis L.

Chermes lapponicus CHOLODKOVSKY, 1905 = Adelges lapponicus CHOL,

Cinara caroling WynN and BOUDREAUX, 1972 = Cinara carelina TissoT

Cinara pini HOLMAN, 1958 = Cinara pini L.

Cinara pinihabitans Té1H, 1936 = ? Cinara pinea MORDYV,

Cinara watsoni WyNN and BOUDREAUX, 1972 = Cinara watsoni TissoT

Cinaria nida HOLMAN, 1958 == Cinara nuda MoORDV,

Cryptomyzus ribis MIACKAUER, 1959 = Cryptomyzus ribis L.

Dactylosphaera vitifolii BREIDER, 1952 — Virteus vitifoliae FrIcH

Dactylosphaera vitifolii RILLING, 1960, 1967 = Viteus vitifoliae FiTCH

Dovralis fabae GERSCH, 1942 = Aphis fabae Scop.

Doralis mali SCHANDERL et al., 1949 = Aphis pomi de GEER

Doralis saliceti SCHOEL, 1934 = Aphis farinosa GMELIN

Drepanaphis acerifolii HoTTES, 1928 = Drepanaphis acerifolii THOS.

Drepanosiphon platanoidis HoLMaN, 1958 = Drepanosiphum plaianoides SCHRANK

Drepanosiphum platanoides BUCKTON, 1876 = Drepanosiphum platanoides SCHRANK

Drepanosiphum platanoides GERSCH, 1942 = Drepanosiphum platanoides SCHRANK

Drepanosiphum platanoides JOUNSON, 1962, 1963 = Drepanosiphum platanoides SCHRANK

Dysaphis anthrisci HOLMAN, 1958 = Dysaphis anthrisci BORNER

Dysaphis devecta FORREST and NOORDINK, 1971 = Dysaphis devecta WLK,

Elatobium abietinum KLo¥FT, 1960 = Elatobium abietinum WLK.

Eucallipterus tiliae HOLMAN, 1958 = Eucallipterus tiliae L,

Euceraphis punctipennis HOLMAN, 1958 = Euceraphis punctipennis ZETT.

Eulachnus agilis HOTTES, 1928 = Eulachnus agilis KLTB.

Eripsoma lanigerum Dg FLUITER, 1931 = Eriosoma lanigerum HsMNN,

Hormaphis kamamelidis Lewis and WALTON, 1958 = Hormaphis hamamelidis Frrca

Hyalopterus pruni JANISZEWSKA, 1932 = Hyalopterus pruni GEOFFR.

Hyalopterus pruni HOLMAN, 1958 = Hyalopterus pruni (GEOFFR.

Hyalopterus pruni WYN~ and BOUDREAUX, 1972 = Hyalapterus prurni GEOFFR. -

Hyperomyzus lactucae HOLMAN, 1958 = Hyperomyzus lactucae L. ‘

Hyperomyzus lactucae O’'LOUGHLIN and CHAMBERS, 1967 = Hyperomyzus lactucae L,

Hyperomyzus lactucae SYLVESTER and RICHARDSON, 1970 = A) yperomyzus lactucae L.

Lachnus coloradensis HotTEs, 1928 = Cinara coloradensis G1.

Lachnus fasciatus HOLLANDE, 1911 = Lachniella costata ZETT.

Lachnus grossus HOLLANDE, 1911 = Cinara abieticola Cror.,

Lachnus piceae LEONHARDT, 1940 = Cinarg piceae Pz.

Lachnus pineus MORDWILKO, 1895 = Cinara pinea Morpv,

Lachnus (Pterochlorus) roboris MICHEL, 1942 = Lachnus roboris L,

Lachnus roboris HOLMAN, 1958 = Lachnus roboris L.,

Lachnus salicis HOLLANDE, 1911 = Tuberolachnus salignus GMELIN

Lachnus saligna BUCKTON, 1876 = Tuberolachnus salignus GMELIN
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Lachnus viminalis MORDWILKO, 1895 = Tuberolachnus salignus GMELIN

Lachnus viminalis HOLLANDE, 1911 = Tuberolachhus salignus GMELIN

Lachnus viminalis WENSLER and FILSEIE, 1969 = Tuberolachnus salignus GMELIN
Lipaphis pseudobrassicae MogrickE and MITTLER, 1966 = Lipaphis erysimi KLTa,
Longistigma caryae KNOWLTON, 1925 = Longistigima caryae HARRIS

Longistigma caryae HotTes, 1928 = Longistigma caryae HARRIS

Longistigma caryae WYnNN and BoUuDREAUX, 1972 = Longistigma caryae HARRIS
Macrosiphoniella millefolii BoEsg, 1936 = Macrosipheniella millefolii de GEER
Macrosiphoniella sp. Hottes, 1928 = Macrosiphoniellasp.

Macrosiphon solanifolii HOLMAN, 1958 = Muacrosiphum euphorbiae THOs.
Macrosiphum albifrons ADaMs and WADE, 1970 = Macrosiphum albifrons EssiG
Macrosiphum avenae PALIwAL and SINHA, 1970 = Macrosiphum (Sitobion) avenae F.
Macrosiphum euphorbiae GrRIFFITHS, 1961 = Macrosiphum euphorbiae THOs.
Macrosiphum euphorbige Apams and WaDE, 1970 = Macrosiphum euphorbiae THos.
Macrosiphum euphorbige WynN and BOUDREAUX, 1972 — Macrosiphum euphorbiae THOS.
Macrosiphum granarium Rutscaky and CAMPBELL, 1964 = Macrosiphum (Sitohior) avenae F.
Macrosiphum pisi LEBLANC and MUSGRAVE, 1963 = Acyrthosiphon pisun HARRIS
Macrosiphum vosae CazAL, 1948 = Macrosiphum rosae L.

Macrosiphum rosae YV Ao and LAPORTE, 1965 = Macrosiphum rosae L.
Macrosiphum rosae HINDE, 1971a, b = Macrosiphum rosae L.

Macrosiphum rudbeckiae EDWARDS, 1966 = Uroleucon rudbeckiae FITCH
Macrosiphum sanbornii MILLER, 1932 = Macrosiphoniella sanborni GILL.

' Macrosiphum solanifolii SPENCER, 1926 = Macrosiphum euphorbiae THOS.
Macrosiphum solanifolii STILES, 1938 = Macrosiphum euphorbiae THOS.
Macrosiphum solanifolii SMITH, 1939 = Macrosiphum euphorbiae THOS.
Macrosiphum solanifolii LANHAM, 1952 = Macrosiphum euphorbiae THOS.
Maerosiphum solanifolii FORTIN, 1958 = Macrosiphum enphorbiae THOS.
Macrosiphum tanaceti UICHANCO, 1924 = Metopeuruim Juseoviride STROYAN
Macrosiphum tanaceticolurn KLEVENHUSEN, 1927 = Uroleucon tanaceli L.
Macrosiphum tanacetum KUEVENHUSEN, 1927 = Metopeurum fuscoviride STROYAN
Megoura aconiti TOTH, 1936 = Delphiniobium junackianum KARSCH.

Megoura viciae SCHOEL, 1934 = Megoura viciae BUCKT.

Megoura viciae HoLMaAN, 1958 = Megoura viciae BUCKT. |

Megonra viciae EHRHARDT, [963 = Megoura viciae BUCKT,

Megoura viciae SCHMUTTERER, 1969 = Megoura viciae BUCKT.

Melanoxantherium salicis HOTTEs, 1928 == Pterocomma salicis L.

Melanoxantherium smithiae HoTTES, 1928 = Pterocomma smithiae MONELL

Melaphis rhois WyNN and BoUDREAUX, 1972 = Melaphis rhois F‘rrCH

Metopeurum fuscoviride MACKAUER, 1959 = Metopeuram fuscoviride STROYAN
Microlophium evansi Dixon, 1958 = Microlophinm carnosum BUCKT.

Microsiphum artemisiae HoTTES, 1928 = Microsiphum artemisiae GILL.

Monellia costatis WyN and BOUDREAUX, 1972 = Monellia costalis FITCH

Monellia caryella Hortes, 1928 — Moneliia caryella FITCH

Morvilkoja vagabunda Anams and WADE, 1970 = Mordvilkoja vagabunda WALSH
Myzocallis bellus HotTEs, 1928 — Myzocallis bellus WALSH :

Myzodes persicae HOLMAN, 1958 = Myzus persicae SULZ.

Myzus ascalonicus KLoFT, 1959, 1960 = Myzus ascalonicus Donc.

Myzus ornatus HOLMAN, 1958 = Myzas ornatus LAING

Nasonovia ribis-nigri GRIFFITHS, 1961 = Nasonovia ribis—m,g};: MOS;EZKT

Neomyzus circumflexus HOLMAN, 1958 = Neamyzus clrcumfieXus A .
Nf‘c‘ph};ﬂaphis _pofocarpi WyN and BOUDREAUX, 1972 = Neophyllaphis podocarpi TAKAHASHI
Neathomasia abditus HotTes, 1928 = Chaitophorus abditus HOTTES

Neothomasia populicola Hortes, 1928 = Chaitophorus populicola THOS. Yatus F
Paraprociphilus tessellata Apams and WaDE, 1970 = Para;{roaphnfus tessel a&s ITCH
Pemphigus balsamiferae ADams and WADE, 1970 = Pemphigus balsamiferae WILLIAMS
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Pemphigus bursarius WITLACZIL, 1882 = Pemphigns bursarius L.

Pemphigus bursarius PFLUGFELDER, 1936 — Pemphigus bursarius L.

Pemphigus bursarins LAMPEL, 1959, 1962 = Pemphigns bursarius L.

Pemphigus bursarius JOUNSON, 1963 = Pemphigus bursarius L.

Pemphigus populi-nigrae LAMPEL, 1959, 1962 = Pemphigus populi-nigrae SCHRANK

Pemphigus populicaulis ADams and WADE, 1970 = Pemphigus populicaulis FiITcH

Pemphigus populitransversus Apams and WADE, 1970 = Pemphigus populitransversus RILEY

Pemphigns spirothecae WITLACZIL, 1882 = Pemphigus spyrothecae PAsSS.

Pemphigus spirothecae WiILL, 1889 = Pemphigus spyrothecae PASS.

Pemphigus spirothecae TéTH, 1938 = Pemphigus spyrothecae Pass.

Pemphigus sp. CAZAL, 1948 = Pemphigus sp.

Pentatrichopus tetrarhodus MACKAUER, 1959 = Penlatrichopus tetrarhodus WLK.

Phylloxera vastatrix KRASSILSTSCHIK, 1893 = Viteus vitifoliae FIrcH

Prociphilus tesselata PELTON, 1938 = Paraprociphilus tessellatus FITCH

Pterocallis alni GERSCH, 1942 = Prerocallis alni de GEER

Rhopalosiphoninus tulipaellus MARTINIL 1958 = Rhopalosiphoninus tulipaelins THEOB.

Rhopalosiphum nymphaeae HIRSCHLER, 1912 = Rhopalosiphum nymphaeae L.

Rhopalosiphum padi MoreaU and VAN Loon, 1966 = Rhopalosiphum padi L.

Rhopalosiphum padi ADaMS and WADE, 1970 = Rhopalosiphum padi L.

Rhopalosiphum sp, ADaMs and WADE, 1970 = Rhopalesiphum sp.

Sacchiphantes viridis PROFFT, 1937 = Adelges viridis Ratz.

Schizaphis graminum SAXENA and CHADA, 19713, b,¢c, d = Schtzaph:sgrammum RonD.

Schizolachnus pineti HOLMAN, 1958 = Schizolachnus pineti F,

Schizoneura americana MILLER, 1933 = Eriesoma americanum RILEY

Schizoneura lanigera DAVIDSON, 1913, 1914 = Eriosoma lanigerum HSMNN.

Schizonenra lanigera BAKER, 1915 = Erfosoma lanigerant HSMNN.

Schizonenra lanigera HoTTes, 1928 — Eriosoma lanigerum HSMNN.

Schizonenra ulmi MARK, 1877 = Eriosoma ulmi L.

Siphonophora absinthii ZWEIGELT, 1915 = Macrosiphoniella absinthii L.

Siphonophora circumflexa BUCKTON, 1876 = Neomyzus circumflexus BUCKT.

Siphonophora pisi BUCKTON, 1876 = Aeyrthosiphon pisum HARRIS

Siphonophiora rosae ZWEIGELT, 1915 = Macrosiphum rosae L.

Siphonophara rosarum BUCKTON, 1876 == Pentatrichopus tetrarhodus WLK.

Siphonophora rosarium GROVE, 1909, 1910 = Péntasrichopus tetrarhodus WiK.

Stagona xylostei HOLMAN, 1958 = Stagona xylostei de GEER

Stegophylla sp. WynN and Boupreaux, 1972 = Stegophylia sp.

Stomaphis graffii TOTR, 1936 = Stomaphis graffii CHOL. )

Stomaphis longirostris TOTH, 1933 = Stomaphis quercus L.

Stomaphis quercius KLEVENHUSEN, 1927 == Stomaphis quercus L.

Symydobius americanus HOTTES, 1928 = Symydobius americanus BAKER

Thargelia albipes HoTTes, 1928 = Aphthargelia symphoricarpi THos.

Thg:bms populiconduplifolius Anpams and WaDE, 1970 = Thecabius papukcanduphfolms
WEN

Trama rara ADAMS and WADE, 1970 = Trama rara Morpv,

Trama froglodytes MORDWILKO, 1895 = Trama troglodytesv. HEYD

Trama sp, HOLMAN, 1958 = Tramasp.

Tuberolachnus salignus WENSLER and FILSHIE, 1969 = Tuberolachnus sahgnu.s' GMELIN

Tuberolachnus salignus Apavs and WADE, 1970 = Tuberolachnus salignus GMELIN

Tuberolachnus salignus KisLow and Epwarps, 1972 = Tuberalachnus salignus GMELIN

Tritogenaphis sp. HOTEES, 1928 = Uroleucon sp.

Um(l)efc‘;’: nigrotuberculatus WYNN and BOUDREAUX, 1972 = Uroleucon migrotuberculatus

I
Urolencon tissoti WyNN and BOUDRFAUX, 1972 = Uroleucon tissoti BOUDREAUX

Uroleucon verbesinae WyNn and BOUDREAUX, 1972 = Uroleucon verbesinge BOUDREAUX
Uromelan aeneus HOLMAN, 1958 = Uroleucon aeneus H. R. L.
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5. SITE OF VIRUS MULTIPLICATION IN THE
APHID

INTRODUCTION

Although it has been shown beyond doubt, that PLRV can multiply in the
aphid vector, M. persicae, the site of virus multiplication remains unknown.
The distribution of animal and plant viruses in arthropod vectors has been
examined in recent years by many investigators, whose results arc summarized
in Table 10.

The object of this part of our study was to obtain information concerning
the fate of the ingested virus in the aphid vector by trying to recover PLRV from
dissected organs of larvae, shortly after being fed on a leafroll-diseased host
plant,

MATERIALS AND METHODS

The culture of P. floridana and Chinese cabbage plants used in this study is
described in chapter 3.

Dissections .

For dissecting the various organs new-born larvac were selected from_a non-
viruliferous colony on Chinese cabbage and were allowed to feed for six days
on leafroll diseased P. floridana plants of about five weeks old. Thereafter the
larvae were fixed on self-adhesive tape which was fixed to a glass-plate {ARAGAO
and DA Costa Lima, 1929). Under a dissecting microscope each larva was
quenched with a drop of cold buffer which did not spread on t'he glue surface.
In this drop the larva was dissected for preparation of the various organs. As
dissecting fluid 0.15 M SORENSEN phosphate buffer (pH 7.2) was used.

The various organs were prepared out of the larvae w1.th a very fine sharp-
ened watchmakers forceps and a fine glass needle. With the forceps both
compound eyes of the larva were seized, and the head was separated fror:ll tllle
thorax by pulling. As a result the complete gut, the sall\{ary glands, and the
nervous system were separated in intact form together with .the h'ead. ]_Sy_re-
moving the cauda, the intact reproductive o1gans were obtained in a snmll'fu'
way. By dissecting the larva with this method the n.lycetocytes, which contailln
the symbionts, were liberated in the puffer. To obtain guts free of contents the
intestine was transsected which resulted in a flow of _ﬂocculent. contcn_ts from
the stomach, and a clear watery fluid from the intestine and hindgut into the
buffer. .

After amputation of the head and cauda the body (tl}orax ar‘ld‘ ab?cimelx;)
was vigorously washed in buffer solution to remove t.he sqll remammf fa :;:1 ls
and basophilic mesodermal cells. Aphids treated in this way contain only
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muscles, tracheae, the dorsal vessel and its pericardial cells, connective tissue
cells, and integument. In routine dissections, as was done for each organ se-
parately, it was very difficult to collect dorsal vessels. This organ is attached to
the dorsal body wall by muscles and to the dorsal nerve by nerve branches; the
pericardial cells are connected to branches of the dorsal nerve (page 56).

The prepared organs were sucked up with a fine pipette and transferred into
a glass micro-mortar with a glass holder standing in a box with ice (Fig. 33).
The organs were washed three times with fresh cold buffer and after the third
time the superfluous buffer was sucked up out of the micro-mortar. To homo-
genate the organs they were ground with a glass pestle fitting in the mortar.

The cornicle secretion was produced by slightly pinching the head of the aphid
with forceps. This results in the elevation of the cornicles, followed immediately
by the production of a droplet. Secretion of about 10 larvae was caught in a
drop of buffer and then homogenated. The honeydew was obtained by fixing a
glass-plate about 3 cm under the leaves of leafroll diseased P. floridana plants
colonized with aphids. After about 16 hours the honeydew droplets on the
glass-plate were dissolved with a paint brush wetted with buffer.

About 200 viruliferous larvac were fixed in groups of 20 very close together
on self-adhesive tape and each group was quenched with a drop of cold buffer.
In this drop the heads of the larvac were separated from the thoraxes by which
haemolymph, fat cells (intact and degenerating ones), basophilic mesodermal
cells, and mycetocytes were liberated in the buffer. In the dissecting fluid the

" intact fat cells are visible as spherical translucent cells characterized by the
presence of fat droplets with a yellow refractive appearance. The mycetocyles
appear as opaque white spheres. These suspensions were collected in a serum-
tube (6 x 46 mm) with a fine pipette. The total quantity amounted to about 1
ml from 200 larvae. The suspension was centrifuged at 3000 rpm during 20

AN esB  Fo. 33 Longitudinal

view of a glass micro-mortar {A) with glass
1CM, pestle (B). - ’
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minutes. The supernatant was collected, carefully avoiding the small amount of
. fat floating at the top of the tube, and filtered through a Jena G4 glass filter.
The pellet was suspended in 1 ml of buffer and sedimented again by centrifuga-
tion at 3000 rpm. The washing of the pellet was repeated once more. The ob-
tained pellet was suspended in about 0.02 ml of buffer.

Injections

Infectivity of suspensions of various parts from larval viruliferous aphids was
tested by injecting about 0.003 pl of the preparations into nonviruliferous
larvae. The injections were carried out with fine glass needles (WORST, 1954);
our technique for injecting and handling the aphids has been described by
STEGWEE and Ponsen (1958) and PETERs (1967b). Before injection the larvae
were anacsthetized with gaseous carbon dioxide. In general the larvae were
injected intra-abdominally on the dorsolateral side of the aphid. Working with
dye solutions (e.g. Indian ink, Evans blue, or Florella blue), the aphids were
injected via one of the two cornicles, which are in open connection with the
body cavity. The injected larvae were placed on filterpaper in a petridish until
they were recovered from the anaesthesia. Only those aphids which were still
alive after 3 hours were put on P.{floridana seedlings. Two-leaf-stage test
plants received 5 injected larvae, whereas only one larva was put on a one-leaf-
stage plant,

LoCALISATION OF PLRV IN THE APHID

The results concerning the localisation of PLRV in the various organs fmd
tissues of viruliferous larvae are presented in Table 11. The presence of virus
could be demonstraged in the intact gut, honeydew, haemolymph, and cor.mcle
secretion, Negative results were obtained with the gut without cot}tents,_sallvary
glands, mycectocytes, nervous system, ovaries, and integument including con-
nective tissue cells, pericardial cells, dorsal vessel, muscles, and tracheae from
viruliferous larvae. Moreover, it appeared that the intact gut and the honeydew
of viruliferous larvae had lost their infectivity after the larvae were allowed to
feed for 1-2 days on immune Chinese cabbage seed.lin.gs. O'n .the other hand,
the haemolymph and cornicle secretion retained the.ll‘ :r{fectwrfy: Tl}e haen:!clu-
Iymph was obtained directly from  viruliferous aphid with an injection needle

and injected into a nonviruliferous one.
Although in the aphid no circulating cel! A
preparations of haemolymph obtained wit! ° )
almost identical histological picture as compared _W‘th that of lthe cortnlr(i:iel
secretion (Table 7), i.e. fat cells (intact and degencrating ones), nucl car rr&a © .
from degenerating fat cells, waxy droplets, thomb-shaped crystals, and occa

sionally a basophilic mesodermal cell. The presence of both cellt.yﬁc_S, CSFECiatI}iY
the intact fat cells, is solely due to the injection technique, which involves the
101

1ls occur in the haemolymph, smear
an injection needle showed an
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Taere 10, The presence of circulative and propagative animal and plant viruses in various organs, tissues, and

liquids of viruliferous insect vectors.

Imosquito

fly

3tick

“mite
Sleathopper
Saphid

"transovarial passage of virus to progeny

Virus Insect vector 8
=
£ & 7 g
258 3 3
- = = =
2 &8 3% ¢4
A Yellow fever Aédes aegypri (L) DO+ + + +
Yellow fever Aédes aegypti (L.} EM +
Dengue Aédes aegypti (L) DO + + A+
Western equine encephalitis - Aédes aegypti (L.} Do +
Western equine ¢ncephalitis  Culex rarsalis COQUILLETT DO +
West Nile Aédes aegypti (L.} Do 4+ +-
West Nile Anopheles guadrimacnlatus Say DO + +
Mugsray Valley encephalitis  Culex annulirostris SKUSE Do -+ + +
Mutrray Valley encephalitis.  Aédes queenslandis STRICKLAND DO + + +
Japanese B encephalitis Culex pipiens pipiens L. Do = + + +
Japanese encephalitis Culex tritaeniorhiynchus GILES +
Semliki Forest Ancpheles albimonus WiEDEMANN -+
St. Louis encephalitis Culex pipiens pipiens L. -+
Eastern equine encephalitis  Aédes friseriatus Say EM +
Venezuelan equine S
encephalitis Aédes aegypti (L.) Do +
Bluetongue Culicoides variipennis CoQUILLETT? EM +
Russian spring summer Ixodes persulcatus SCHULZE® DO + + +
encephalitis”
Western equine encephalitis ~ Triafoma sanguisuga LECONTE DO -}
Western equine encephalitis  Dermanyssus gollinae de Gegr? -+
P Maize streak Cicaduling mbila NAUDES DO + +
Curly top Eutettix tenellus BAKER DO + +  + +
Rice dwarf” Nephotettix cincticeps UHL.
Rice dwarf? Nephotettix cincticeps UHL.. EM <+ + + +
Wound tumor? Agallia constricta van Duz. Uy » - + + haemocy®
Wound tumor? Agallia constricta van Duz. EM + + + haemocyﬁf‘
Wound tumeor Agalliopsis novella Sav EM + _ - haemocy¥
Potato yeltow dwarf? Agallia constricta van Duz. DO+ + -+ +
Maize mosaic " Peregrinus maidis AsH. EM <+ +
Maize rough dwarf Laodelphax striatelius Fa1L, EM - +
Wheat striate mosaic Endria inimica Say DO+ - + haemooy
Rice hoja blanca Sogatodes oryzicolus Muir EM 4 +
Pea enation mosaic Acyrthosiphon pisum HARRISS DO + +
Pea enation mosaic Acyrihosipkon pisum Harris EM +
Pea enation mosaic Megoura viciae Buckr. + +
Lettuce necrotic yellows Hyperomyzus lactucae 1., EM + -—
Sowthistle yellow vein” Hyperomyzus lactucae L., EM +
Batrley yellow dwarf Macrosiphum (Sitobion) avenge F. DO + +
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EM = electron microscopy
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introduction of a needle via the mesodermal tissue into the body cavity in order
to obtain the haemolymph sample.

In another experiment the haemolymph was acquired by amputation of the
aphid’s head. After centrifugation both the pellet as well as the supernatant
appeared to be infective. The histological composition of the pellet was nearly
similar to that of the above mentioned preparations, though in this case more
basophilic mesodermal cells as well as symbionts were observed. As a conse-
quence of centrifugation the symbionts present in. the mycetocytes wete liber-
ated into the dissecting fluid. - - :

In all preparations the fat cells were in the majority. The connective tissue
cells, another derivate of the mesodermal tissue, remain inside the aphid’s body
where they have a supporting function. Neither have connective tissue cells
been found in the cornicle secretion (Table 7).

DiscussioN

Many investigators have demonstrated the presence of circulative and pro-
pagative animal and plant viruses in various dissected organs and tissues from
viruliferous insect vectors. From their results (Table 10) it can be concluded
that these viruses are ingested with the food by the insect vectors and are
partly egested with the fecula. After penetrating the gut wall the virus enters
into the haemolymph after which this tissue plays an important role in the dis-
tribution of virns towards the various internal organs including the salivary
glands. The virus may subsequently be secreted again with the saliva into the
host. Regarding the propagative viruses the process of multiplication occurs
somewhere during this circulation. By means of electron and UV microscopy
(immunofluorescent technique) several investigators revealed the presence of
animal and plant viruses in the various organs and tissues of their insect vectors.
It seems unlikely that such a quantity of particles could be accumulated in
cells by a process other than multiplication. -

In the present study it is found that it is impossible to recover PLRYV either
from the intact gut of viruliferous M. persicae larvae after 1-2 days feeding
period on immune Chinese cabbage seedlings, or in the gut from which the
contents have been removed (Table 11). From these results it may be concluded
that only the gut contents contains the infectious material which the aphid
acquires by feeding on a leafroll diseased P. floridana plant. This agrees with
the observed presence of PLRV in the honeydew only when the aphids actually
feed on the source of leafroll virus. Similar results with the leafhopper, Cica-
dulina mbila NAUDE, were obtained by STorey (1933) who investigated maize
streak virus. When viruliferous individuals fed on an immune plant the virus
could not be demonstrated anymore in the fecula. Pea enation mosaic virus
(RICHARDSON and SYLVESTER, 1965) was still infectious in honeydew from
Acyrthosiphon pisum up to 3 days after viruliferons aphids had been transferred
to healthy sweetpea (Lathyrus odoratus L.) seedlings. The same virus was also
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present in the honeydew of Megoura vicice maintained on virus diseased
V. faba, which could be proven by injecting this honeydew into larvae of the
same species (SCHMUTTERER, 1969) (Table 9).

The finding that no virus could be recovered from the gut epithelium of viru-
liferous larvae indicates that PLRYV does not multiply in this organ. This con-
clusion is supported by the fact that MoERICKE (1963) and FORBEs (1964b) in
their detailed electron microscopical studies of the gut epithelium of viruliferous
M. persicac adults have never found spherical particles characteristic for
PLRV (i.e. about 23 nm in diameter and with a hexagonal outline; PETERS,
1967a, b; Kornma et al., 1968, 1969).

Several investigators were interested in the mechanism of PLRYV transport
from the gut lumen to the haecmolymph. According to ScaMmIDT (1959) this
process takes place presumably in the stomach because in viruliferous A. persi-
cae adults the nuclei in the epithelial cells of this organ are bigger than those of
nonviruliferous ones. Moreover, in these enlarged nuclei the chromatin is
lacking and in addition to the nucleolus, several small partly dark-coloured,
partly refractive bodies containing vacuoles, are observed. On the other hand,
such bodies were also frequently found by FORBES (1964a) in nuclei of sto_mach
cells of nonviruliferous M. persicae adults. In the present study (page 27 it has
been shown that strongly basophilic clusters of chromatin develop in some
nuclei of digestive cells situated in the middle region of the stomach, after non-
viruliferous larvae have reached the imaginal stage (Fig. 10 B). Presumab!y
the number of these clusters increase during the imaginal stage till all chromatin
has disappeared as seems to be reflected in the pictures given by SCHMIDT (1?59)
and Forees (1964a). In work on the ultra-structure of the gut of M. persicae,
OssIANNILSSON (1961) concluded that intact plant virus particles cannot pene-
trate the gut wall because of its very compact structure. He presumes th?t the
virus material entering the body cavity consists of smaller units. Ptccordl_ng to
MoERrICcKE (1963) plant viruses might possibly enter th_e bgdy Fawty as intact
particles intercellulary through the stomach wall: This view is bgsed on the
presence of rod-shaped particles (30 X 200 nmy) in the enlarged' 1nterf:ellula;
spaces of the basement labyrinth, between two cell membranes, in vesicles o

the ‘Vesikelnester,” and in the basement membrane itself of leafroll infected as

well as nonviruliferous adults of M. persicae. Another explanation is given by

FoRREs (1964a), who suggests that transport of v.irus garticles th_rough 'thedgrt
wall to the haemolymph takes place by pinocytosis. This process Is restnf:t; A c{
the midgut, because membrane vesicles are only observed in these epithelia

cells. We have furthermore demonstrated that thedinhgestetti Vi;u:fti:r az;;tcllyi
i rily penetrated the gut wa
excreted with the honeydew, and has partly p N, 1970). Consequently the

it can be demonstrated in the haemolymph (PONSE
gut wall does not function as an appreciable barrier f_or PLRYV. Alrf.ady aficer :m
acquisition feeding period of 8 hours on a lcaﬁ.'oll diseased P. ﬁon}clian; ) awnE Ea
demonstrable amount of virus was present 1n the haemolyr{;p é TEG S m;
1960). This also points to a rapid penetration. Presumably PL.R v fun0 ::;gaoehids
change during passage through the gut wall because nonviru ifer P
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TaBLE 11. Recovery of potato leafroll virus from homogenized larvae, organs, tissues, and
liquids of viruliferous Myzus persicae larvae. New-born larvae selected from Chinese cabbage
were allowed to feed for 6 days on leafroll discased Physalis floridana plants and then imme-
diately (A), or after a stay for 1 or 2 days on Chinese cabbage seedlings (B), used for the
preparation of inoculum, Infection feeding period 5 days.

Number Number of Number of Number of

of tests sphids or injected diseased
dissected larvae per plants/
organs .  test plant number of
per test! test plants
Larva A 2 20 5 6/6
A 2 20 1 24/26
Intact gut’ A 3 10 5 3/8
: A 3 10 1 18{45
B 3 10 5 (1)  0/14
B 3 10 1 (1) 0/58
B 4 10 1 (2) 0/63
Guts without contents A 2 20 5 0/12
A 3 20 1 0/57
Honecydew A 3 1 6/43
B 3 1 1y 052
Salivary glands A 2 ca. 40 5 0/7
: A 2 ca. 40 1 0/28
Head including salivary .
glands, foregut, and A 5 30 i 0/74
nervous system
Integument including A 5 30 larvae 1 076
connective tissue cells, :
pericardial cells, dorsal
vessel, muscles, and
tracheae
Mycetocytes A 3 many i 0/47
Ovaries and embryos A 3 20 5 0/9
A 3 20 1 0/49
Cornicle secretion A 3 1 12/27
B 3 1 (2) 19/43
Haemolymph? A 5 1 57/63
: B -5 i (2 50/58
Haemolymph?® pellet A 3 200 larvae 1 9/45
. supernatant 1 10/43

"Whole aphids or dissected organs were homogenized
?Haemolymph obtained with an injection needle from the aphid’s body
*Haemolymph obtained after decapitation of the larvae

In brackets number of days on Chinese cabbage seedlings before viruliferous larvae were
dissected

were found to transmit virus after injection with phloem sap (HILLE Ris
LaMBERs, 1959; PoNSEN and STEGWEE, 1960) or with extracts from leafroll
diseased P. floridana (MURAYAMA and Konma, 1965) into the haemocoel.
PaLiwaL and SINHA (1970) reported that barley yellow dwarf virus was not
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detected in the gut of Macrosiphum avenue (Table 9) which were injected with a
massive dose of virus, an observation suggesting that it does not pass from the
haemolymph into the gut.

Since M. persicae does not regurgitate the ingested food (Day and IRzYKIE-
wicz, 1953) and haemolymph contains a demonstrable amount of virus
(Table 11), it may be concluded that the virus has to penetrate the salivary
. glands before the aphid is capable of virus transmission (SMITH, 1926, 1931;
ELZE, 1931). The negative results obtained for the salivary glands suggest that
the multiplication of virus does not occur in this organ. As in the case of the
gut, this supposition is supported by detailed clectron microscopical studies of
MOERICKE and WOHLFAHRT-BOTTERMANN (1962) and MoERICKE (1961) who
never mentioned any evidence for the presence of spherical particles in the
salivary glands of viruliferous M. persicae adults. Moreover, a gradual virus
accumulation in the salivary glands during acquisition feeding of 6 days on the
leafroll source cannot be considered in view of the negative results. The trans-
portation of PLRV by the myoepithelioid cell from the haemolymph (page 41)
seems to provide the most attractive explanation for the virus translocation.
This cell is situated in the distal region of each principal salivary gland ( Fig.
13 A), and regulates haemolymph movement into the lumen of both internal
salivary ducts.

BLATTNY (1931) reported that the salivary glands of nonviruliﬁ?rous M. per-
sicae showed a clear zone around their nuclei, which was lacking in some viru-
liferous aphids. In the present study these zones were never found iq salivary
glands of nonviruliferous larvae. Possibly this discrepancy is due to differences
in age. In that case the clear zones are limited to the imaginal stage. BLATTNY,
however, did not mention the age of his aphids.

Tt has been observed that the phloem-fecding aphids, M. persicae (VAN HooF,
1957; PoLLARD, 1971), Aphis fabae (VAN Hoo, 1957), and Rhopalosiphum pads
(MoREAU and VAN LOON, 1966), secrete a saliva sheath which enc'loses the path
of the stylets, beginning with an external collar of sheath material on the leaf
cuticle (ZWEIGELT, 1915). With Myzus ascalonicus KLOFT (1959) found saliva
secretion 6- 8 minutes after the penetration of the stylets through the cuticle.
With the method used by KLOFT the presence ofa sa!lvary sheath. could noF be
ascertained, but only the presence of salivary matc.rlal Sfacrete.d into the' sieve
elements. Moreover, KrLorr (1959) showed that this saliva dispersed directly
in the fluid of the sieve clements. FORREST and NCORDINK (1971) demonstrated
that when radioactive (32P) apple aphids (Dysaphis devecta) fe.d bel?w :Ee
cotyledons, saliva was not only transported throughout the plant, mciﬁud(lir‘lg i
roots, but taken up by groups of Dysaphis devecta andlM._pfzrszcge. eeh ing a
the shoot tip. From this it can be concluded that the saliva injected 1n the sieve

elements must be a watery secretion in contrast tohthe (saliva ;m;;:li‘if:é
rapi th. Many authors (page A
apidly and thus forms the stylet shea e ploem which agrees

that M. persicge needs at least 15 minutes to rea em :
with the minimum feeding period necessary for }?L.RV trzfnsrﬁlsmpn. Itt ul; ;:rgg-
ting to suppose that the watery saliva which is injected in the steve
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ginates from the principal salivary glands (page 81). In these glands the fore-
mentioned myoepithelioid cell regulates the transport of PLRV from the hae-
molymph via the lumen of both internal salivary ducts into the sieve tubes.

It cannot be excluded that a fraction of PLRV present in the haemolymph is
excreted via the accessory salivary glands of M. persicae, since SYLVESTER and
RICHARDSON (1970} have observed electron microscopically sowthistle yellow
vein virus in the accessory salivary glands of Hyperomyzus lactucae, in addition
to its presence in the principal salivary glands. Although the excretion products
of the accessory glands form the salivary sheath, the question remains whether
the virus in the stylet sheath is responsible for the induction of virus disease in
the plant. : '

When watery saliva is injected into the sieve elements some of it must be
sucked back into the alimentary canal of the aphid during the actual feeding
process. As a consequence it cannot be excluded that also some of the injected
PLRYV is ingested again. This will be excreted, at least partially, with the honey-
dew. It should be noticed that MogriCKE and MiriLer (1965) found that
M. persicae and Acyrthosiphon pisum could ingest their own saliva when they
were fed via a parafilm membrane..

It is inferesting to mention that WEDDE (1885) already presumed that the
saliva of aphids stimulates the sap stream in plants, whereas Grove (1909) sup-
posed that the salivary secretion, besides preventing the coagulation of the sap,
may contain some digestive ferment to assist in digestion. According to Zwrl-
GELT (1915) the saliva serves for extra intestinal digestion.

Eirze (1927) showed that PLRV could neither pass via the eggs of viruliferous
aviparous parents to the offspring, nor to the embryos in viviparous M. persicae
(SmiTh, 1929, 1931; Davies, 1932; MAcCARTHY, 1954; DAY, 1955). On the
other hand, MiyamoTo and MivamoTo (1966, 1971) found that only during the
winter-season-a small proportion of the offspring from viruliferous apterous
mothers in the second and even in the fifth generation could transmit PLRY.
This implies virus penetration through the ovarian wall. Tn view of the fact that
second and fifth generation aphids still carry quantities of virus large enough
to ensure a successfull virus infection it must be assumed that virus multiplica-
tion has occurred in the meantime. The negative results in this study suggest
that no virus was present in the ovaries and embryos (Table 11). No evidence
for the ‘presence of spherical particles in ultra-thin sections of follicle epithe-
lium from viruliferous adults has been reported by MOERICKE (1963). As shown
in Table 10 virus could be recovered from female reproductive organs of several
viruliferous insect vectors, although these viruses were in general not transmitted
to the offspring. Exceptions are the viruses causing Russian spring-summer
encephalitis (PAVLOVSKY and SoLoviev, 1940), wound tumor (BLack, 1953;
SINHA and SHELLEY, 1965), rice dwarf (FUKUsHI et al., 1962), and potato yellow
dwarf (SINHA, 1965a) which were demonstrated in the female reproductive

organs and which did pass transovarially to the offspring.
~ Nasu (1965) demonstrated by electron microscopy that symbionts in Nepho-
tettix cincticeps UHL., along with mycetocytes, play a role in the transovarial
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transmission of rice dwarf virus. The transmission of PLRYV to the viviparous
offspring of M. persicae, certainly does not occur via the symbionts during the
larval stage, because PLRYV cannot be found in the symbionts (Table 11) and
moreover, because the symbionts are not liberated into the haemolymph
before the end of the larval stage. On the contrary, it is conceivable that the
virus is transmitted via the symbionts from the first to the second embryo
generation.

From all dissected organs (Table [1), only the fat cells and presumably the
basophilic mesodermal cells have been shown to contain a demonstrable
amount of PLRV. This indicates that these cells can be considered as sites of
PLRV multiplication since this virus multiplies in its vector, M. persicae
(STEGWEE and PoNSEN, 1958). Moreover, the infectivity of the supernatant sug-
gests the presence of infectious material in the haemolymph. In the procedure of
decapitation the gut remained completely intact which prevents contamination
of the obtained suspension with the infectious contents of the gut. The presence
of symbionts in the pellet, which were liberated from the mycetocytes due to
centrifugation, are probably not responsible for the infectivity of the pc?let
because the lack of activity in this respect of mycetocyte homogenates. During
the lifetime of an aphid all fat cells gradually degenerate, in the process of
which the cell membranes decompose and the contents are released into the
haemolymph in the form of waxy droplets, rhomb-shaped crystals, nuclear
material, and unrecognizable cytoplasmic substances (page 50). Consequcntl‘y
the virus, which multiplies in fat cells, is liberated into the haemolym.pl}. Itis
then transported via both myoepithelioid cells and subsequer_xtly injected,
together with the saliva of the principal salivary gland, into the sieve elements
of the plant. On the other hand, in the basophilic mesodermal cells the cell
membranes start to degenerate only in the adult stage (page 54). ‘

The infectivity of homogenates of viruliferous larvae (Table 11) and aphids
(HARRISON, 1958 STEGWEE and PONSEN, 1958; PETERS, 1965, 1.9673-,:0; MURA-
YAMA and Kosma, 1965) may be attributed to the presence of infectious mate-
tial in the contents of the gut, haemolymph, fat cells, anfl presumably baso-
philic mesodermal cells. The haemolymph and fat ce}ls (mtact. and degener-
ating ones) are responsible for the infectivity of the cornicle secretion.
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6. ELECTRON MICROSCOPY OF FAT AND
BASOPHILIC MESODERMAL CELLS OF
NONVIRULIFERQUS AND VIRULIFEROUS LLARVAE

In the preceding chapter it was concluded that the multiplication of PLRV
presumably takes place in fat and basophilic mesedermal cells. An electron
microscopical study of both celltypes was undertaken to verify this finding.

:. MATERIALS AND METHODS

New-born larvae of M. persicae were selected from a virus-free colony on
Chinese cabbage and transferred either to Chinese cabbage seedlings in the
one-leaf-stage or to leafroll diseased P. floridana planis about 5 weeks old. The
technique of cultivating P. floridana and Chinese cabbage plants is described
in chapter 3. After an acquisition period of 24 hours on the leafroll source
these aphids were allowed to feed on one-leaf-stage Chinese cabbage plants.
Each seedling received 5-10 larvae. After 5 days the larvae were removed
from the plants to prepare them for electron microscopical investigation of fat
and basophilic mesodermal celis. -

To collect these cells the larvae were fixed on self-adhesive tape stuck to a
glass-plate. Under a dissecting microscope each larva was quenched with a
drop of warm 2%, Difco agar in 0.1 M SORENSEN phosphate buffer (pH 6.8)
after which the cornicles were immediately removed trom the aphid’s abdomen.
As a result of this procedure fat cells, basophilic mesodermal cells, and myce-
tocytes were liberated in the warm buffered agar. After cooling the agar was
cut into small blocks and treated for electron microscopical sections in the
same way as described for the salivary glands in chapter 4.

NONVIRULIFEROUS LARVAE

The mesodermal tissue of M. persicae is represented by a cell layer below the
epidermis. The majority of this tissue is occupied by fat cells between which
basophilic mesodermal and connective tissue cells are evenly distributed. The
latter cells were observed to keep the mesodermal tissue on its place with their
processes forming a network of delicate membranes (Figs. 20, 25, and 32 V).
A phase microscopical study of the developmental of these three celitypes is
described in chapter 4 of which the results are presented in Figs. 21 and 22,

Fat cells

In electron micrographs the cytoplasm of a fat cell is composed of cisternal
rough-surfaced endoplasmic reticulum, ribosomes, mitochondria, and GoLGI
bodies. The nucleus is enveloped by a double-membrane possessing occasional
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nuclear pores. The nucleolus contains translucent vacucles with a- distinct
electron-dense membrane (Fig. 34 A). The cell is ensheathed by a delicate
plasma membrane which shows minute extrusions and sometimes invaginations.
During growth of the cell many lipid droplets are set off by the surrounding
cytoplasm-and become progressively larger to coalesce subsequently into big
ones. They are surrounded by a membranelike structure. Due to the prepara-
tion of the ultrathin sections the lipid vacuoles appear empty, but in some of
them, especially at their periphery, traces of filamentous material occur, Coa-
lescence of the various-sized droplets starts with the resolution of their mem-
branelike structures on those sides where they contact each other. Simul-
taneously with the development and coalescence of the lipid droplets, glycogen-
like particles, protein granules, waxy droplets, and rhomb-shaped crystals
arise in the cytoplasm (Fig. 35, A-E). The waxy droplets are visible as small
spherical drops consisting of amorphous material not enclosed by a membrane
(Fig. 36 C). They increase gradually in size and some of them stretch out
between the lipid vacuoles, During growth they retain their original texture and
many of them fuse into big ones forming an irregular outline (Fig. 35 D). In
phase microscopy it was found that in intact fat cells these droplets diffuse
through the plasma membrane into the haemolymph, but in electron micros-
copy this process could not be traced. The crystals arise from minute needles
arranged in a rhomb-shaped pattern (Figs. 35, B-C, and 36 H).

The degeneration process of the fat cells starts with the appearance of vacuo-
_ les in the karyoplasm after which the chromatin begins to condense (Fig. 22,
H-I). The nuclear envelope loses its double-membrane structure and appears as
a granulated, irregular outline with minute vesicles (Fig. 35 H). When the con-
densation of the nuclear material advances the nucleus fragments, the rematns
of which can be observed scattered within the cell and in the haemolymph as
well. The nucleolus vacuolates and usuaily open spaces occur between areas of
. dense material (Fig. 34 A). This material dissolves peripherally so that the
nucleolus decreases in size after which it disappears completely. When the
+ degeneration process of the fat cells proceeds the plasma membrane _gradu.ally
- decomposes by vesiculation and fragmentation (Fig. 36 E). The va_nous-mzcd
membrane limited vesicles disengage and appear in diverse forms in the 1.1&.1e-
molymph. The disintegrating cells now contain numerous translucent cavmels
which originated from the lipid vacuoles. The cavities become larger as a result
of the disintegration of their membranelike structures. Moreover., some 'parts
of the cells show a multitude of irregular-shaped va(.:uoles and vesicles (Fig. 35
Fand 37 B). The former are derived from degencrating endoplasmic retlc-ulqlm,
while the latter presumably arise from disintegrating GULGI,bOd'esl'l S(;m'_ ar
structures were described by WRisciER (1965) in plant and animal cells u%ﬁg
necrobiosis induced by means of various physical and chemical agentsc.l e
cytoplasmic material from the degenerating fat cells is gradually released into

the haemolymph.
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F1G. 34, A. Electron micrograph of a young fat cell of Myzus persicae showing endoplasmic
reticulum, ribosomes, mitochondria, and lipid droplets. The nucleolus has membrane limited
vacuoles. Magnification: x 25,500. B, Basophilic mesodermal cell of which the nucleus con-
tains vacuolatlike structures, Magnification: x 36,000. C. Basophilic mesodermal c¢ll showing
endoplasmic reticulum, mitochondria, and vacuoles. Magnification: X 16,500. D. An in-
vaginated nucleus with condensed chromatin of a degeneratmg basophilic mesoderma] cell.
Magnification: x 7,500.

FiG. 35. Electron micrographs of several organelles and inclusions of a degenerating fat cell
of Myzus persicae. A, Glycogenlike particles situated among lipid droplets. B. Rhomb-shaped
crystal bounded by degenerating cytoplasmic material and mitochondria in ‘which many
various-sized particles are formed. C. Rhomb-shaped crystal, D. Three waxy droplets which -
are fused forming an irregular outline. Magnification: x 20,000. E. A conglomerate of eight
waxy droplets lying in the haemolymph. Magnification; x 16,000. F. Vacuolized cytoplasmic
material at the periphery of a degenerating fat cell. Magnification: x 10,000. G. Giant mito-
chondrion with partly dissolved cristae. Magnification: x 30,000. H. Fragment of a disinte-
grating nucleus containing condensed chromatin. Magmﬁcatlon x 10,000. I. Multivesicular
bodies lying in the haemolymph. Magnification: x 8,000.

F1G. 36, Electron wicrographs of several organelles and inclusions of a degenerating fat cell
of Myzus persicae. A. Mitochondria with completely dissolved cristae and a protein granule
with in its centre a myelin figure Iying in the haemolymph. B. Partly dissolved mitochondria
with swollen cristac. C. Waxy droplet lying in the hacmolymph. Magnification: x 40,000
D. Dissolving mitochondrion containing concentric granular structures. E. Plasma membrane
which decomposes by vesiculation and fragmentation. Magnification: x 20,000. F. Protein
granules with myelin figures are bounded by vacuolated cytoplasmic material. Magnification:
X 45,000. G. Cytolysome with disintegrating mitochondria and other cytoplasmic material. .
H. Cytolysome in a final stage of cytolysomic activity and twe rhomb-shaped crystals {see
arrow). Magnification: x 10,000, L Protein granule with in its ccntre a thick concentric
figure, Magnification: x 38,750. :

Fi1c. 37. Electron micrographs of inclusions situated at the periphery of degenerating fat
cells of celltype J-L (Fig. 22) of viruliferous Myzus persicae larvae. A. Inclusion containing
dense (PLRV?) particles. Magnification: x 140,000. B. A presumably immature inclusion in
which numerous dense (PLRV?) particles seem to develop Magmﬁcatron x 38,750, C. The
same inclusion at a magnification of 77,500 x.

Many bodies of varied structure are found in degenerating fat cells and in
the haemolymph. They clearly show the different stages of degenerating mito-
chondria containing nearly normal cristae, or completely dissolved ones (Fig.
36 A). These empty membrane limited bodies transform into various shapes
- from polygonal to erratic after which the inner and outer membranes start to -
decompose. Some of these empty bodies are provided with concentric granular
- structures (Fig. 36 D), which are also found in the fat body of starving Blaberus

discoidalis SERV. (cockroach; WALKER, 1965). In other ones, located especially
at the periphery of the degenerating cell, the cristae become swollen and are
replaced by irregular loosely packed whorls of membrane material. In a more
advanced stage of degemeration numerous various-sized, darkly staining
particles develop in the matrix which are released into the degenerating cyto-
plasm or into the haemolymph (Fig. 35 B). The formation of mitochondrial
-granules from lysis of mitochondria has been described in the fat body of meta-
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morphosing Calpodes ecthlius CRaMER (Lepidoptera; LocKE and COLLINS,
1965), Philosamia cynthia ricini Boisp. (Lepidoptera; WALKER, 1966), and in
starving Rhodnius prolixus STAL (FHemiptera; WIGGLESWORTH, 1967). Another
type of mitochondrial degeneration is the swelling and dissolution of the cristae
which is accompanied by a partial disintegration of the inner and outer mem-
brane and the matrix as well (Fig. 36 B).- : :

The protein granules have a granular texture and are enclosed by a single
membrane. They become larger and myelin figures arise in many of them
(Fig. 36 F). In some cases the protein material dissolves leaving empty membra-
ne limited bodies with a myelin figure inside (Fig. 36 A). In other ones the
membrane dissolves after which the granular material is liberated into the hac-
molymph. In this stage many scparated myelin figures can be observed inside
or outside the degenerating cell in a more or less dissolved state. Furthermore
a wide variation in size of granules without myelin figures are surrounded by
a vesiculated membranous structure. They contain a variable number of micro
vesicles embedded in a texture similar to the protein granules (Fig. 351). These
granules have the characteristic appearance of the multivesicular bodies des-
cribed by Locke and Corrins (1968) in the fat cells of C. ethlius. They assume
that protein granules become multivesicular bodies by accumulation of micro-
vesicles which arc involved in the transport of material from the cytoplasm into
the granule. Due to the decomposition of the plasma membrane th_e multivesi-
cular bodies are released into the haemolymph. The latter lose their coptentS,
which results in the appearance of empty bodies in which, however, microve-
sicles still occur. Qccasionally membrane limited bodics are found in degener-
ating fat cells showing a fibrous or bristle texture. According to 'LOCKE gnd
CoLLINs (1968) these fibrous bodies presumably represent an intermediate
form in the degeneration process of the multivesicular bodies (Fig. 360).

The eosinophilic bodies which are observed in degenerating fat cells (Fig. 22,
celltype H-L) appear to be cytolysomes (Fig. 36 G). It is suggested from electron
microscopical pictures that the cytolysomes originate from condensed cyto-
plasmic material after which it becomes enveloped by a membrane. They
become progressively larger by encapsulating mitochondria and ot.her cyto(;
Plasmic organelles such as nuclear fragments, myelin figures, vesicles, anl
membranes. In an advanced state of digestion the mitochondria show sever?
stages of breakdown after which they transform-into structureless darl; y
staining structures embedded in an amorphous mass (Fig. 36 H). These cyw}; k
somes represent the final stage of cytolysomic activity followed by a §Olm1°ﬂ 1
the haemolymph leaving giant vacuoles. : -
Basophilic mesodermal cells .

_The ultrastructural organization of a basophilic
similar 1o that of a young fat cell (Fig. 34 B, C): 'ITth
membrane limited vacuoles arise in the’cytoplasm- :
‘develop in the nucleus and in an.advariced stage the chromatit starts tz;g:;
dense showing irregular, darkl"y"staining:stfuctures. During the intran

¢ mesodermal cell s quite
become:larger and many
Vacuolarlike structures
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invaginations (Fig. 34 D). In smear preparations of adults it was found that the
nuclear membrane dissolves after which the clotting chromatin liberates into
the ;vacuolized cytoplasm after which the basophilic mesodermal cells com-
pletely disintegrate. Presumably the infolded nucleus is the initial stage of the
disintegration process of the nuclear envelop followed by the release of con-
densed chromatin material into the cytoplasm. The nucleolus at the same time
becomes vacuolated and decreases in volume and then disappears completely
The first degenerating basophilic mesodermal cells are only observed in a nine
days oid larva in the vicinity of the cornicles (Fig. 21 I). '

VIRULIFEROUS LARVAE

_ The growth and degeneration of fat and basophilic mesodermal cells in virulife-
rous larvae show the same picture as that described for nonviruliferous ones (Figs.
21 and 22). In electron micrographs there appears to be no difference between
nonviruliferous and viruliferous larvae as far as the ultrastructural aspect of
both these celltypes is concerned. In one instance a fat cell was found in a leaf-
roll virus carrying larva containing an inclusion with dense particles having a
hexagonal outline and a diameter of about 23 nm (Fig. 37 A). Presumably they
represent PLRV. They are loosely embedded in an amorphous material enve-
foped by a partly dissolved membrane. Another inclusion body was found to
contain some large vacuoles as well as numerous small dense particles surroun-
ded by vesiculated material, which might be an intermediate stage in the devel-
opment of PLLRV. Both these inclusions are found in the degenerating fat cells
of celltype J-L (Fig. 22), especially at its periphery (Fig. 37 B, C).

D1scussioN

An investigation of the ultrastructural organization of young fat cells of
M. persicae reveals that the organization of these cells is similar as compared
with those: described for various other insect orders (Bisuop, 1958; VoN
GAUDECKER, 1963; Ismizaki, 1965; WALKER, 1963, 1966; OpmiaMBo, 1967;
WIGGLESWORTH, 1967; Locke and CoLLins, 1965, 1968 ; De Loor and LAGASSE,
1970). This was also the case with the fat cells of the pea aphid, dcyrthosiphon
pisum (LINDSAY, 1969). Moreover, LINDsAY distinguished a second type of
cells to which he referred as cornicle cells because of their presence in the cor-
nicles and vicinity. In M. persicae, however, these cells which were described in
detail in chapter 4 appeared to be degenerating fat cells (Figs. 22). Of the five
types of vacuoles which according to LINDSAY are present in his ‘cornicle cells’,
the first type represents, in our opinion, the lipid vacuolar structures, while the
other types presumably are degenerating cell organelles and inclusions. .

In one instance a degenerating fat cell of a leafroll virus carrying larva an
inclusion was. observed containing dense particles of about 23 nm in diameter
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and with a hexagonal profile (Fig. 37 A).. These particles might represent
PLRYV, resulting from the multiplication process in the cytoplasm of fat cells, as
they are similar to those of purified extracts of leafroll virus carrying aphids
(M. persicae; PETERS, 1967a, b) and extracts of leafroll diseased P. floridana and
D. stramonium plants (KoyMa et al., 1968, 1969). The particles were identical
in size and shape as compared with those found in ultrathin sections of the
phloem elements of both plant species (Komnma et al., 1968, 1969); they were
neither found in leafroll virus-free aphids nor in healthy plants. PETERS (1967a,
b) demonstrated their infectious nature by injecting purified aphid extracts in
nonviruliferous aphids. However, it is feasible that the particles seen in Fig.
37 A are virus-like particles, described by PeTERS (1965, 1967b), who found
such particles in purified extracts from both leafroll virus carrying and leafroll
virus-free aphids. These particles had a diameter equal to that of PLRV par-
ticles. Tn the present electron microscopical study it was impossible to distin-
guish the virus-like particles and those of PLRV among the many various-sized
particles originating from degenerating fat cells. o

VAGo (1958) reported the presence of hypertrophied fat cetls which coincided
with deformations of the nuclei in viruliferous M. persicae. These phenomena
cannot be attributed to PLRV multiplication because in the present study they
were also observed in nonviruliferous larvae and represent & phase in the degen-
eration process of the fat cells as depicted in Fig. 22. Moreover, Vaco (1958)
found that in electron microscopical scctions ‘plages’ occurred in fat gells of
viruliferous aphids which could not be demonstrated in those of nonviruliferous
ones. Although VaGo did not mention anything about the structure'of these
plages, it is possible that these plages represent intermediate forms (Fig. 37 C)
or inclusions possibly containing PLRV particles (Fig. 37 A). .

On the other hand, ScHMIDT (1939) observed more stellate n}Jclel in the fat-
body of viruliferous M. persicae adults than in that of nonvim!lferous ones. In
the present study it appearcd that stellate nuclei occur mainly in celltypes E-G
(Fig. 22) during development of both nonviruliferous aphids and v1ru11ferm;s
ones, while in celltypes H-L (Fig. 22) occasionally a stell.ate m.lch_eus was 0 I
served. Since the degencration process of the fat cells continues 1n the 1magmaf
stage (page 52), and ScumipT (1959) did not mention anything about the ag;:dor
his investigated adults, it is possible that the nonviruliferous adults were 0 ﬁs
than the viruliferous ones. This supposition is supported by the photogrlf;% 4
given by ScrmipT (1959, 1960). However, RUTSCHKY and CAMPBEC (f !
found no difference in the total number of stellate nuclei in the fatjbodY Od f:f’_:lh
vituliferous Macrosiphum granarium and those of the same age infected Wi .
baﬂ_eY yellow dwarf virus. - S .

Similar cytoplasmic inclusions containing pea
:183\’8 been described in the fat cells of the a;;lhi :

HIKATA et al., 1966). In the cytoplasm of the various ;
mocytes and fat cells)of the lea¥hoF})7per, Agallia constricta van Duz, l]?lﬁzt;:
Wwith wound tumor virus, virus particles were found embedded in 106 ,

which were described by SHIKATA and MARAMOROSCH { 1967a, b) as viroplasms
119

enation mosaic virus particles
d vector, Acy‘rthosiphqn pisum
organs including hae-
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in which virus assembly takes place. Viroplasms have been demonstrated for
wound tumor virus (SHIKATA et al., 1964; SHIKATA and MARAMOROSCH, 1965;
HiruM! et al., 1967; GraNADOS et al., 1967, 1968}, rice dwarf virus (FUKUSHI
et al., 1960, 1962; FukusHI and SHIKATA, 1963; NasU, 1965; SHIKATA, 1966),
and maize rough dwarf virus (ViDaNo, 1970) in several organs of their leaf-
hopper vectors (Table 10). Presumably the inclusion depicted in Fig. 37 C, is an
immature viroplasm in which PLRV particles are developing .

In chapter 5 it was already shown that in the preparations obtained with. the
adapted techniques the basophilic mesodermal cells form a minority in contrast
to the fat cells. This is not surprising because M. persicae larvae possess about
94 basophilic mesodermal cells which are evenly dispersed among the numerous
fat cells. Similar resulis were obtained with the ultrathin sections. In the few
basophilic mesodermal cells which were found, no accumulations of virus par-
ticles or inclusions were observed. From this it was assumed that the fat cells are
the only sites of virus multiplication. This conclusion is supported by the fact
that in ultrathin sections VaGo (1958) could not demonstrate any difference
between the ‘haemocytes’ of viruliferous and nonviruliferous M. persicae. How-
ever, since in M. persicae haemocytes do not oceur, the cells mentioned by
VaGo, in our opinion, represent the basophilic mesodermal and/or connective
tissue cells.

During the degeneration process of the fat cells in M. persicae the inclusion
bodies likewise disintegrate and with decomposition of the plasma membrane
the virus is released into the haemolymph. Now the PLRYV particles are dis-
persed followed by a transportation via the myoepithelioid cells. It was found that
after a six-hours acquisition feeding period on a leafroll source the efficiency of
PLRYV transmission by M. persicae increased till about the ninth day after
birth, then decreased gradually in the imaginal stage during the time the aphids
remained on Chinese cabbage (Ponsen, 1970). This finding corresponds with
the fact that as a result of the degeneration process of the fat cells in the larval
stage and its continuation during the imaginal stage, the number of fat cells,
susceptible to virus multiplication, decreases. The finding that the propagative
PLRV is not pathogenic to its vector (PONSEN, 1969) may be due to the fact that .
the fat cells degenerate in any case. For the animal and plant viruses which
multiply in the various organs of their insect vectors (Table 10) nothing is re-
ported about possible degeneration symptoms of the cells concerned. On the
other hand, Mims et al. (1966) found a disintegration of the salivary glands of
Aédes aegypti three weeks after infection with Semliki Forest virus. However,
this pathogen did not shorten the life span of the mosquito. Eastern equine
encephalitus virus which multiplies in the salivary glands of Aédes triseriatus
Say (Table 10), has no cytopathic effect in virus-infected salivary gland cells
during the experimental period of 31 days (WHITFIELD et al. , 1971).
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SUMMARY

In search i o : :
s Ofoél ih:nzltts n?;' i’f]..g}(lV m;il(t;plication in its vector a detailed study
. £ .
summarized in the following iines?P , Myzus persicae SULZ. The findings are

Alimentary canal.

. The mo i : '
firmly intei;o?:rlfélgr Et)lilrt of t.he alimentary canal is the food canal which is
pharyngeal duct 131 he maxillary stylets. From the stylets it passes into the
geal pump, foregut ch subsequently leads into the pharyngeal valve, pharyn-
o termina:[e intg h, Oesophage_al valve, stomach, intestine, hindgut, and rectum

Each syl e o (Fige.3,5,and1D.
mscles fo the :tlziltnat'ei from a retort_—shapcd organ (Fig. 4) and is attached by
floor (Fig, 8 ;O , 2oilla3 bar, the maxillary sclerite ( Fig. 31}, and the pharynx
fgured (Figs. 7.no 1 ; The turthgr pathway of the stylets is described and
through the lon .it d , aqd 3 no. 1-4). The stylet bundle shows in its way
The pharys g Iudmallllablal groove a torsion of 180°.
(Fig. 7 no. _gse)a T}llm is formed b._y the epipharynx and the hypopharynx lip
reveals a mediari . e eplp'harynx is marked by a thick sclerotized plate and
cpipharyns is an in w _of c?lght s'enszllum pores (Fig. 5). On gach side of the
third pore to the Varaglngtlon (Fig. 7 no. 7-8), which runs as an arch from the
is provided with ¢ ve (Fig. 3). The cup-shaped part of the floor before the valve
The pharyn V;’O senSfIlum pores (Figs. 5 and 8 no. 9-10).
which both thcgfia dulct is separated from the pharyngeal pump by a valve, of
shaped prominenc;rsa wall and ventral wall are marked by two cuticular dore-
is controlled by twtz)s, the pharynx protuberances. The dorsal wall of the valve
In embryos the valy pairs of ml{scles, and each lateral side by only one muscle.
in & closed positio € 1; open (Fig. S'no. 10-12), but in larvae it is always found
pharynx pmtubera:: (Fig. 8 no. 10 -ul.l’). In the latter situation the opposite
suppose thar the o ces and the.valve jtself fit closely together. It is logical to
observed in emb pened valve in the larvae has the same position &s can be
The pha TYOS. o .
(Figs. 5. 6 Iz:dgesal pump is controlled by 29 pair:
attached l;y e nlO. 13-15). 'Clos'.? to the tentorial bar the fl
from the piston S;f es, one pair originating from the tentorium, and one
The fops o tl_le salivary pump. ' ‘
lined witt afilll't consists of a single layer of squamous epith
The oo }11nt1ma forming a stellate narrow lumen (Fig. 32).
ophageal valve marks the junction of the foregut and the stomach
the stomach.

s of dorsal elevator muscles
oor of the pump is
pair

elial cells which are

(Fig. 9 .
The Ou)t'egile nner li}yer is the continuation of the foregut into
continues i ayer Cof_lslsts of cuboidal epithelial cells. The intima of the foregut
in the region of the valve and te1minates at the base of it.
121
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The anterior and posterior region of the stomach consists of cuboidal epithe-
lial cells, while the middle region is occupied by tall, fingerlike columnar diges-
tive cells (Figs. 9 and 10). The latter secrete material by constricting of apical
cell parts. In some nuclei strongly basophilic clusters of chromatin material
~ develop on the ninth day of the larva (Fig. 10 B’). The cells of the posterior
region’ secrete material by forming of buds (Figs. 9 C and 10 C’). Both pro-
cesses continue during larval life without any degeneration or multiplication of
cells.

The first part of the intestine is a narrow tube which passes into a broader
one to terminate abruptly by constriction in the hindgut. In the first part the
squamous cells form a stellate narrow lumen, while in the second division the
strongly vacuolated cells are situated around a wide lumen (Fig. 11). It is sug-
gested that the intestine is resorbtive in function in contrast to the stomach
which is the secretory part of the midgut. :

The hindgut consists of long squamous epithefial cells containing many
vesicles in which waxy droplets occur. These droplets, originating from degener-
ating fat cells, also occur in the lumen where they are released by minute pro-
jections situated at the apical surface of the cells (Fig. 26).

On the ventral side the hindgut passes into the rectum whereas it continues
dorsally a distance to terminate in a dorsal rectal sac (Fig. 12). During larval
life the rectal sac gradually disappears to form with the posterior part of the
rectum an almost straight duct. The rectum is built up of columnar cells
having small vesicles liberating secretion into the lumen.

During larval life the growth of the entire gut is due solely to enlargement of
the epithelial cells. They retain their optical composition and persist unchanged
into the adult stage. Cell divisions were never observed (Tablc 4).

Salivary gland

Each half of the system is composed of the principal and the accessory gland
{(Figs. 1 and 13). The common afferent duct forms a S-shaped flexure before
entering the salivary pump (Figs. 5 and 19). At the place of entry the opening is
controlled by two small muscles originating from the chitinous ridges. The
exit opening from the pump chamber leads into the pumpstem which on its
foot is provided with two sensillum pores. The pathway of the efferent salivary
duct follows from Fig. 7 no. 5-8. As well the cylinder as the plston are supphed
with muscles.

The accessory gland is composed of 3-4 celis of umform size (Fig. 13 A).
The basal part of these cells shows laminated structures and in the cytoplasm
many branching canaliculi occur which cross the cuticular lining of the salivary
duct (Fig. 14). It is suggested that the accessory glands excrete a watery suspen-
sion that during its discharge to the salivary pump is dehydrated by the duct
cells to form the final viscous fiuid. The viscous fluid, forming the salivary
sheath, contains presumably waxy droplets. These droplets presumably render
the stylet sheath its waterproofing, :

The principal gland is bilobed and each lobe contains six Deckzellen and
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fifteen Hauptzellen which are situated around the salivary duct. Considering
the optical composition of the cytoplasm, the shape of the cell (Fig. 14), the
size of the nucleus and nucleolus (Table 5), the six Deckzellen can be distin-
guished in two, and the fifteen Hauptzellen in six different types. During larval
life the topographical position of all the gland celltypes is constant in each lobe
(Table 6). Each cell has a canaliculum which traverses the cuticular lining and
the lumen of the salivary duct. The eight different celltypes (Fig. 13 A) contain
a mass of secretory granules which are released by the cell into the canaliculi.
It is supposed that the watery saliva originates from the principal gland.

“The distal part of the two lobes of each principal gland is connected by a
myoepithelioid cell (Fig. 13 A and D). The bulk of the cytoplasm is occupied
by myofibrils oriented in an interwoven pattern (Figs. 15, 16 A, and 17 A). At
the periphery of this contractile mass some mitochondria and many vacuoles
occur. The surface of this cell, bounded by the four intercellular canaliculi of
celltype 7 and the termination of both ducts, is strongly infolded. Injections
with Evans blue via the cornicles in the larvae gave the evidence that haemo-
lymph is pumped into the lumen of both ducts by pulsations of the myoepithe-
lioid cell. Via the duct Iumina it becomes transported through the salivary
pump into the plant. : ‘

In each principal gland the myoepithelioid cell is innervated by a paired nerve
of the mediodorsal nervous system (Figs. 13 A, 17 B, and 18).

The salivary duct is lined with endocuticle throughout its length, The apical
surface of the duct epithelial cells bears regularly oriented microvilli (Fig. 16 B
and C). -

During larval life cell divisions are mever ohserved in the salivary gland
system. However, the nuclei and their nucleoli increase in size (Table 5) as well

as the cells (Fig. 14).

Mesodermal derivates

The mesodermal tissue is represented by a cell Tayer bencath the epidermis.
It is composed of numerous fat cells between which basophilic mesodermal
cells and connective tissue cells are evenly distributed (Figs. 20, 25, and 32°V).

The first embryonic mesodermal cells are observed in the eldest embryo of a
three days old larva in the area anterior of the future cornicles (Fig. 22, 1)
During embryonic development the number of mesodermal cells con.tmuousl‘y
increases by cell divisions; the direction of cell divisions is from the site of ori-
gin both anteriad and posteriad (Fig. 22, 1-3). In the eldest embryo of a five
days old larva the mesodermal cells lying in the area of origin stal:t to develop
into fat cells by the forming of lipid droplets in their cytoplasm (Flg_. 223 2). At
the same time other embryonic mesodermal cells start to increase in size and
become the final basophilic mesodermal cells (Fig. 22, bmce). During .gr_owth of
the embryo all embryonic mesodermal cells develop into fat, hasqphlllc meso-
dermal, and connective tissue cells. In the eldest embryo of a nine days old
larva the mesodermal tissue has attained its final composition (.F:g. 2_2, 4).
After the embryonic mesodermal cells are differentiated into their derivates,
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no cell divisions take place anymore in these products (Fig. 22, 4-7).

After transformation of the embryonic mesodermal cells into fat cells, they
start to increase in size just like their nuclei and nucleoli. Lipid droplets increase
both in number and in size (Fig. 22, 4 D). During coalescence of the lipid
droplets (Fig. 22, 4 F) the first waxy droplets and rhomb-shaped crystals arise
in the cytoplasm (Fig, 22, 4 G). The degeneration process of the fat cells is
revealed by the appearance of vacuoles in the karyoplasm (Fig. 22, 4 H),
after which the chromatin condenses and disintegrates into fragments (karyo-
rhexis}, granules (karyolysis), or becomes pyknotic. The nucleolus vacuolizes
and dissolves peripherally and disappears completely. In the cytoplasm of
the degenerating cells eosinophilic bodies arise. After breakup of the cell mem-
brane the cellf contents release into the haemolymph (Fig. 22, J-L). The d=genear-
tion process described is already in full existence in the eldest embryo of a
nine days old larva and proceeds during larval life.

The enlargement of the basophilic mesodermal cells and their nuclei and nucle-
oli continues during larval Jife (Fig. 21). The cytoplasm becomes gradually
acidophilic and many minute vacuoles now arise. After the seventh day the
chromatin starts to condense and the nuclear membrane becomes somewhat
irregular to dissolve subsequently in the adult stage. The clotting chromatin is
liberated into the vacuolized cytoplasm followed by a complete disintegration
of the basophilic mesodermal cells.

Some embryonic mesodermal cells change into the final connective tissue
cells. They are much smaller than the other mesodermal derivates, and retain
their original volume in the larval stage (Figs. 20 and 32 V). Their delicate cell
extensions form a complicated network which support the mesodermal tissue.
Moreover, these membranous filaments extend throughout the haemocoel and
are connected with the various internal organs. '

The pericardial cells are derived from embryonic mesodermal cells, In the
eldest embryo of a nine days old larva these cells have attained a structure and
number, which persists during whole further life (Fig. 32). After larviposition
these cells and their nuclei and nucleoli increase in size, but the total number of
cells remains constani (Table 8), They are distributed along the entire dorsal
vessel and connected with a branch of the medial dorsal nerve (Fig. 3). Further-
more there occur 2-3 pericardial cells on both lateral sides of each thoracic
segment, and 34 lateral pericardial cells in the metathoracic segment (Figs. 20
and 24). _ .

The haemolymph is characterized by the absence of circulating haemocytes.
On the other hand, the body cavity contains quite a number of waxy droplets
during aphid’s life. The droplets are released by the cell membrane of intact
fat cells, or are liberated into the haemolymph after dissolving of the cell mem-
brane. They are predominantly close to the visceral surface of the mesodermal
tissue and especially in a high concentration around the hindgut and the acces-
sory salivary glands. Many of them are distributed by the dorsal vessel.
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Mycetome

The mycetome consists of two longitudinal bodies of syncytial tissues (Fig. 1)
linked together dorsally of the hindgut (Fig. 26 P). The mycetocytes are com-
pletely filled with spherical microorganisms or symbionts which divide like
bacteria. After the fifth day the larval mycetome starts to disintegrate in
clusters of cells or in single mycetocytes. During larval life symbionts degener-
ate within the mycetocytes, and at the ninth day the cell membrane of some
mycetocytes starts to dissolve after which intact and degenerating symbionts
are liberated into the haemolymph (Fig. 26 P’). They are distributed throughout
the body cavity and occur in the mesodermal tissue among the degenerating

fat cells as well as in the legs.

Oenocytes : :
The oenocytes are situated laterad at either side in the body cavity between

the mesodermal tissue and the internal organs of the metathorax and the first
five abdominal segments (Figs. 1, 25, and 27). They form a longitudinal row of
7-12 single cells and are anchored by membranes which originate from the
connective tissue cells. They are recognizable because of their irregular or
branched nuclei with granulated chromatin and a proportionally very big nu-
cleolus, The cytoplasm is strongly vacuolated and many vacuoles contain

granules (Fig. 21). -

Circulatory system , .
The dorsal vessel lies just beneath the dorsal mesodermal tissue (Figs. 3, 25,

and 27). The ventral wall of the funnel-shaped mouth is stretched transvers.ally
over the corpus allatum to which it is connected along the ventrolateral lines
(Fig. 32). The dorsal wall of the mouth extends further anteriad and is attached
to the corpora cardiaca (Fig. 28). Throughout its length the vefssel pulsates
vigorously and the anterior wider part is provided with three pairs of lateral
ostia. In all coxae a tubular accessory pulsatile organ occurs.

Cornicles
The cornicles are in open connection witl
degenerating fat cells (Fig. 27). Each cornic

like flap, which is controlled by the valve re ) p
position due to contraction of the elevator muscle, the cornicles can produce

excretory material. This material is composed of degenerating fat cell's, c}mnte-
grated nuclear material, waxy droplets, rhomb-shaped crystals, and incidently
a basophilic mesodermal cell, while connective t@ssue _ce]ls have t!een never
observed (Table 7). At the ninth day of the aphlc_l’s life the first intact and
degenerating symbionts appear in the cornicle seqrctlon. The fat cells_ of celltyﬁe
J (Fig. 22), of which the cefl membrane is still intact, are responsible for the

hardening of the secretion after it has passed the cornicles.

th the body cavity and are filled with
le is closed at its top with a valve-
tractor muscle. Only in an erected
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Nervous system .

The nervous system is described and figured {Figs. 3, 5, 28-31, and 32 P).
The paired pharyngeal ganglions are sitvated ventrally of the tritocerebral lobes
and frontolaterally of the pharyngeal pump on both sides of their retractor
muscles (Figs. 3 and 30). Before the pharyngeal valve the two bilobed pharyn-
geal ganglions fuse together and this mass extends ventrally as the epipharyn-
geal and the hypopharyngeal gustatory organ. The central part of the epi-
pharyngeal gustatory organ has on its periphery many neurons whose dendrites
are connected with the pores of the eight sensilla in the pharyngeal roof (Fig. 5).
Centrally each lateral Iobe is occupied by a stellate invagination of the pharyn-
geal duct (Figs. 6 and 7 no. 8). From the wall of this invagination nerve fibres
arise running to neurons situated mainly on the periphery of the lateral Iobes.
The hypopharyngeal gustatory organ lics beneath the pharyngeal valve. The
neurons in this ganglion communicate with four sensillum pores, of which two
of them are situated in the cup-shaped part of the floor of the pharyngeal duct
(Fig. 8 no. 10 and 10), while the other two are located on the foot of the
salivary pumpstem (Fig. 7 no. 8 and Fig. 19).

Endocrine glands. The paired corpora cardiaca are irregular- shaped
bodies which are atiached to the inner side of the dorsal aortic wall. Each gland
is composed of 8-11 cells arranged around a neuropile mass from which nerves
arise (Fig. 28). :

The corpus allatum is a single body containing 11-13 cells (Fig. 32). It is
sitnated between the foregut and dorsal vessel behind the corpora cardiaca
(Fig. 3).

The paired thoracic glands consisting each of 8-11 cells, are situated in the
vicinity of the tracheal trunks of the mesothoracic spiracle (Figs. 2 and 20).
After the seventh day of larval life some cells start to degenerate, while on the
ninth day all the cells are disintegrated into clusters of irregnlar spheres.

The second part of the study deals with experimental and electron micros-
copic evidence on transport, multiplication, and rclease of PLRYV.

An attempt has been made to obtain information concerning the fate of the
ingested virus in the aphid vector by recovering PLRV from dissected organs of
viruliferous M. persicae larvac. The various organs were removed from the
larvae and, after homogenization, tested for infectivity by injecting them into
nonviruliferous aphids. As is shown in Table 11, the presence of PLRV could
be demonstrated only in the contents of the alimentary canal, honeydew,
haemolymph, fat cells presumably including basophilic mesodermal cells, and
cornicle secretion. it may be concluded that a part of the ingested virus is
transported from the gut’s lumen into the haemolymph. After being circulated
it multiplies in the fat cells. The remaining part of the ingested virus is egested
with the honeydew. The negative results obtained with the ‘salivary glands
presented the evidence that the myoepithelioid cell, situated in the distal region
of each principal salivary gland (Fig. 13 A), regulates the transport of PLRV
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from the haemolymph via the lumen of both internal salivary ducts into the
sieve tubes.

An electron microscopical investigation of the fat and basophilic mesoder-
mal cells is given (Figs. 34-37). The cytoplasm of a fat cell is composed of
cisternal rough-surfaced endoplasmic reticulum, ribosomes, mitochondria,
and GoLa1 bodies. During growth of the cell many lipid droplets are set off by
the surrounding cytoplasm and become larger to coalesce subsequently into
big ones. Simultaneously with the development and coalescence of the lipid
droplets, glycogenlike particles, protein granules, multivesicular bodies, waxy
droplets, and rhomb-shaped crystals arise in the cytoplasm. The degeneration
process of the fat cells starts with the appearance of vacuoles in the karyoplasm
after which the chromatin condenses and the nuclear envelope loses its double-
membrane structure. In a more advanced stage of degeneration the cytoplasmic
material and the cell membrane disintegrates. In the disintegrating area of the
cytoplasm arise cytolysomes which become larger by encapsulating mitochon-
dria and other cytoplasmic organclles. After decomposition of the cell mem-
brane the disintegrating cytoplasm is released into the haemolymph in which it
dissolves completely.

The ultrastructural organization of a basophilic mesodermal cell is quite
similar to that of a young fat cell. They become larger and many membrane
limited vacuoles are found in the cytoplasm. In the nucleus vacuolarlike struc-
tures develop, which is followed by condensation of the chromatin. Dwing this
process the nucleus becomes lobed with deep invaginations after which t}}e
nuclear envelope is dissolved leading to the release of the granulated chromatin
material into the cytoplasm. The first degenerating basophilic mesodermal cells
are observed only in a nine days old larva in the vicinity of the cornicles.

The growth and degencration of fat and basophilic mesodermal cells in viru-
liferous larvae show the same picture as that described for nonviruliferous ones
(Figs. 21 and 22). In one instance a fat ceil was found in a leafroll virus carrying
larva containing an inclusion with dense particles measuring 23 nm in diameter
with a hexagonal profile, and which presumably represent PLRY (Fig. 37 A).
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SAMENVATTING

Nadat QUANJER in 1916 had gepostuleerd dat het aardappelbladrol door een
virus wordt veroorzaakt, kon QORTWUN BoTiEs (1920} de overdracht van dit
pathogeen door de groene perzikluis, Myzus persicae, aantonen. ELzg (1927)
stelde vast dat wanneer de luizen een zekere tijd hadden gezogen op een blad-
rolzicke plant, deze niet in staat waren het aardappelbladrol virus over te bren-
gen gedurende een bepaalde periode. Na deze latente periode bleken de luizen
gedurende een zeer lange tijd van hun leven infectieus te zijn. Dit feit schreef
ELzE (1931) toe aan een mogelijke vermeerdering van dit virus in zijn vector.
In 1958 konden STEGWEE en PONSEN deze veronderstelling bevestigen. De vraag
deed zich nu voor in welk orgaan van de bladluis het virus zich vermeerdert.
Hiertoe was het noodzakelijk om eerst de anatomie van de luis gedurende zijn
larvale stadium te bestuderen. Hoewel verscheidene onderzoekers de anatomie
van luizen hadden beschreven en de verschillende afwijkingen in virusbevat-
tende luizen toeschreven aan virnsvermeerdering, bleken hun resultaten in vele
opzichten tegenstrijdig te zijn. Een overzicht van wat er uit de literatuur bekend
is over de relatics van het bladrolvirus en zijn vector, is in het tweede hoofdstuk
uitvoerig beschreven.

In het derde hoofdstuk wordt beschreven hoe de voor dit onderzoek gebruik-
te bladluizen en planten, Physalis floridana en Chinese kool, werden opge-
kweekt. .

In het vierde hoofdstuk wordt een uitvoerige histologische beschrijving ge-
geven van het spijsverterings kanaal, de speckselklieren, het mesodermale weef-
sel, het mycetoom, de oenocyten, het circulatie apparaat, de sifonen en het ze-
nuwstelsel (Figs. 1-32). Uit dit onderzoek kwamen gegevens naar voren welke
van belang waren voor het onderzoek naar het transport en de eventuele ver-
meerdering van het virus in de luis wat in de twee volgende hoofdstukken wordt
behandeld.

In hoofdstuk § is een poging ondernomen oOm informatie te verkrijgen om-
trent het lot van het ingenomen virusin deluis. Hiertoe werden de verschillende
organen van virusbevattende luizen uitgeprepareerd en in een buffer gehomo-
geniseerd om vervolgens de infectiositeit van deze preparaten te toetsen door
injectie van kleine porties in virusvrije luizen met een fijn glazen naalc_lje. Het
bleek (Tabel 11} dat de aanwezigheid van het virus alleen in de darminhoud,
honingdauw, hemolymfe, vetcellen, en waarschijnlijk de basofiele mesoder-
male cellen, en sifonen-secreet kon worden aangetoond. Hieruit kon worden
geconcludeerd, dat een deel van het ingenomen virus vanuit het darmlumen
naar de hemolymfe wordt getransporteerd waar het circuleert om zich verYol-
gens in de vetcellen te vermeerderen. Het overige deel van het ingenomen virus
wordt met de honingdauw afgescheiden. De negatieve resultaten die zijn ver-
kregen met de speekselklieren, gaven het bewijs dat de myo-epitheelachtige cel,
gelegen in het distale deel van de hoofd-speckselklier (Figs. 1 and 13 A), het
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transport van het virus vanuit de hemolymfe via de beide speekselkanalen naar
de zeefvaten van de plant regelt.

Hoofdstuk 6 geeft een beschrijving van de ultrastructuur van de vetcellen en
basofiele mesodermale cellen van zowel virusvrije als virusbevattende luizen
(Figs. 34—36). In cen geval werd in het cytoplasma van een vetcel van een blad-
rolvirusbevattende luis een insluitsel waargenomen met decltjes die aan het
bladrolvirus deden denken (Fig. 37). Deze deeltjes hebben een diameter van
. 23 nm en een hexagonaal profiel, hetgeen overeenkomt met de deeltjes die door
andere auteurs in gezuiverde preparaten van bladrolvirus zijn waargenomen
alsook in het flocem van met dit virus geinfecteerde planten. De mogelijkheid is
echter niet wvitgesloten dat het hier gaat om de ‘viruslike particles’, die door
Perers (1965, 1967a, b) zijn beschreven. Gedurende het leven van de luis
degenereren alle vetcellen geleidelijk aan, waarbij het virus in de hemolymfe
vrij zou kunnen komen.
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ABBREVIATIONS USED IN FIGURES

al antenna

ag abdominai gangiion
ao anal opening

as abdomina)l spiracte

asd afferent salivary duct

asg accessory salivary gland

at axon terminal

bee  basophilic chromatin cluster
bm basement membrane

bmc  basophilic mesodermal cell

ca corpus allatum
ch central body

cc corpus cardiacum
ce compound eye

cl clypeus

clb clypeo-labrum

co cornicle

coc  circumoesophageal connective
cov  comicle valve

cpgo  central part of epipharyngeal gustatory organ
cry crystal

csd commaon saiivary duct

cic - connective tissue cell

cu cuticule

d deutocerebrum

daw  dorsal aortic wall

dfac  degenerating fat cell

dg dorsal groove

dgc  dermal gland cell

dl darsal lobe

dig distal lamina ganglionaris

die deutocerebral longitudinal tract
dm desmosome

ds degenerating symbiont
dv dorsal vessel

dz Deckzell

e epipharynx

eb eosinophilic body

ego  epipharyngeal gustatory organ
emc embryonic mesodermal cell

ep epidermis

epc  epidermal cell

epi epicranium

esd efferent salivary duct

et eye-tubercie

f foregut

fac fat cell

fc food canal

fg frontal ganglion

gc glial cell
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go gonopore

h Hauptzeil
hcg  hypocerebral ganglion
hg hindgut

hgc  hindgut cell

hp hypopharynx

hpgo hypopharyngeal gustatory organ
hpl hypopharynzx lip

i intestine

ic intracellular canaliculum

in intima

isc intercellular secretory canaliculum
la labium

Ib labrum

1d lipid droplet

ligo  lateral lobe of epipharyngeal gustatory ergan
m mitochondrion

mac  matrix cell

mb  myofibril

mc myoepithelipid cell

md mandibular stylet

mdr mandibular retort-shaped organ

mme medial medulla externa

mp minute projections

msg  mesothoracic ganglion

mss  mesothoracic spiracle

mt microtubuli

mtg  metathoracic ganglion

myv microvilli

mx maxillary stylet

mxr  maxillary retort-shaped organ

mxs  maxillary sclerite

my mycetome

myc  mycetocyte

M1  alary muscle

M2 - circular muscle fibres

M3  cornicle valve retractor muscle

M4  divaricator muscle 1, 2, 3, 4, 5, and 6
M3  dorsolongitudinal somatic muscle

Mé  elevator muscle of tentorial bar

M7  lateral muscle of clypeus

M8  lateral muscle of mandibular stylet

M9  lateral muscle of maxillary stylet

MI10 lateral pharyngeal valve muscle

Mi11 longitudinal muscle fibres

MI12 mesothoracic spiracle muscle

MI13  protractor muscle of mandibular stylet
M14  protractor muscle of maxillary stylet
MI15 retractor muscle of mandibular stylet
MI6  retractor muscle of maxillary stylet
MI7 retractor muscle of salivary pump piston
M18 ventrolongitudinal somatic muscle

MI19  retractor muscle of salivary pump wall .
M20 retractor muscle of afferent salivary duct opening

M21 ventral pharyngeal pump muscle 45
Meded, Landbouwhogeschool Wageningen 72-16 { 1972)



M22 retractor muscle fibres of anal opening
M23  mandibular muscle fibres to pharyngeal pump floor
M24 maxillary muscle fibres to pharyngeal pump floor
n nucleus .

ne neuron

nid neural imaginal disc

nm  neuropile mass

ns nucleated membrane-like sheath

nu nucleolus

N1 antennal nerve

N2 branch of medial dorsal nerve

N3 corpus allatum nerve

N4 corpus cardiacum nerve

N5 dorsal lobe nerve to corpus cardiacum

N6 eve-tubercle nerve

N7 frontal nerve

N3§ labral nerve

N9 lateral nerve

N10 main abdominal nerve

NI11 mandibular retort-shaped organ nerve
N12  maxillary retort-shaped organ nerve

N13 = medial dorsal nerve

N14 nerve to cornicle muscles

N15  nerve to divaricator muscles 4 and 5

N16 mnervetolegl

N17 nerve to leg 2

N18 nerve to leg 3

NI9 nerve to mandibular stylet

N20 nerve to mesothoracic spiracle muscle

N21 nerve to proboscis

N22  nerve to salivary pump muscles

N23  optic nerve

N24  pharyngeal nerve

N25 protractor muscle nerve of mandibular stylet
N26 protractor muscle nerve of maxillary stylet
N27 retractor muscle nerve of mandibular stylet
N28  retractor muscle nerve of maxillary stylet
N29  recurrent nerve .

N30 wventral nerve

o ostium

oen oenocyte

olc  outer layer of cuticule

or ovariole
ov oesophageal valve
P - protocerebrum

pb proboscis

pe pumpcylinder

pce  pericardial cell

pch  pumpchamber

pec  peringurium cell

pg prothoracic ganglion
phd pharyngeal duct

phg  pharyngeal ganglion
php  pharyngeal pump
phpr pharynx protuberance
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phv
pmi
ps
psg
pt

rec

sC
sd
sde
sep
Sg
si
$0g
sp
st
sV

tb
tc
tct
te
tge
tlt
tme
tp
tr
tu

va
V(i

N
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pharyngeal valve

proximal medullz interna
pumpstem

principal salivary gland
piston

rectum

rectal cell

symbiont

salivary canal

salivary duct

salivary duct cell

sensillum pore

salivary gland

stellate invagination
suboesophageal ganglion
salivary pump

stomach

synaptic vesicles
tritocercbrum

tentorial bar

tritocerebral commissure
tritocerebral connective tract
tendon

thoracic gland cell
tritocerebral longitudinal tract
tracheal matrix ceil

tunica propria

trachea

tube

vesicles

vacuole

voluminous coil of intestine
ventral rod (chitinous ridge)
waxy droplet

Zline
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