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Endosym biosis of Phloem  Sap Sucking P lan th oppers w ith  
special Reference to  Sogatodes orizicola ( M u ir ) feeding on 
Oryza sativa L.

W ith  9 te x t figures

As in aphids and other groups of insects with sucking m outh parts, m icrobial 
sym bio tshave been shown in th e  bodies of planthoppers (Auchenorrhyncha). I t  has 
however been emphasized by Mü l l e r  (1949) th a t only phloem sap sucking species need 
endosym biots or in tracellu lar m icroorganisms, and' th a t such symbiosis is no t present 
in  Typhlocybinae, specialized in  feeding cell sap. The reason m ight be th a t, unlike 
th e  parenchym a suckers, the  phloem sap sucking species lack a proteinase in  their 
salivary glands (Sa x e n a  1955). In  con trast to  the  Aphididae, there is much greater 
variety  in  the  sym biotic relations of planthoppers, and th is has prom pted Mü l l e r  
(1962) to  study  th e  phylogenetic ram ifications in a paper entitled  „Neuere V orstel­
lungen über V erbreitung und Phylogenie der Endosym biose der Z ikaden“ (Recent 
concepts concerning th e  spread and phylogeny of endosymbiosis in  cicadas).

The endosym biots of phloem sap sucking planthoppers include various groups of 
microorganisms, and several of these m ay be found in  a particu la r species. Most 
prom inent are bacteria-like microorganism s which S c h w em m ler  (1973) categorizes as 
p rim itive protokaryotic  „protoplasto ids“ (the nam e he gives to  the  in tracellu lar m ain- 
(a)-sym biot of Euscelis plebejus F a l l , is Protoplastoides buchneri S g h w em . while he 
calls th e  m inor-(t)-sym biot P. vagonis S c h w e m .). According to  St a n a r iu s  (1978) 
these organisms belong to mycoplasms. In  addition, there are th e  yeast-like sym biots 
(YLS), probably  conidia of Ascomycetes (Mü l l e r  1972), which Ma h d ih a ssa n  (1976) 
calls „Cicadomyces“.

The following groups of sym biots can be found in cicada species according to  Mü ller , H .-J. 
(1949, 1962), Mü ller , J .  (1972):
— E ssen tial sym biots

•  m ain sym biots
•  •  a-sym bio ts: spherical bacteroids m ostly  surrounded by m ycetom s (including x-sym biots in

F u lgorom orpha);
•  © H -sym bio ts: yeast-like sym biots (YLS) m ostly  of an oblong shape and  em bedded in  fa t

tissue (syncytial f a t  body fo rm ation : Hs) or populating  separate organs (in general 
called m ycetom : Ho). According to  Mahdihassan  (1976) th e  YLS are sim ply pro top las­
m atic  residues, a concept which has found no response so far.

•  m inor sym bio ts: these occur only tog e ther w ith  m ain sym biots and  m ostly  populate  a 
double m ycetom :
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•  •  t-sym bio ts (only in  C icadom orpha)—bacteria-like, enclosed in  a m ycetocyte which m ay
become a m igrato ry  cell (F-sym biots o f Fulgorom orpha),

— C om plem entary  sym biots
•  accom panying sym bio ts—can occur only tog e th er w ith m ain sym biots an d  are m ostly  lim it­

ed to  a system atic host group: k-, m-, n-, o-, g-sym biots;
•  accessory sym bio ts—are m ostly lim ited  to  specific host species and  n o t y e t sufficiently 

in teg ra ted  in to  th e  body of th e  host (some w ith a parasitic  character): ¡3-, y-, v-, 71-, 
t -, an d  co-symbiots.

So far sym biots have been found in  abo u t 50 species of planthoppers (Ma h d i­
h a ssa n  1976, M or ea u  and B oulay  1967, K o r n e r  1969a, 1978, G i l -F e r n a n d e z  
and  B la c k  1965, Ch ie n -Ch u n g  Ch e n  et al. 1981a, N oda  1974, 1977, E r m isch  1960, 
Mu l l e r  1957, 1962, 1969, 1972, 1973, H a m on  1971, S a n d e r  1968, S c h w em m ler  
1973, Or e n s k i et al. 1965, Qua y u m  1968, M it s u h a s h i 1975, Sc h w e m m l e r  and  H e r r ­
m a n n  1979, 1980, and others).

W ith regard to frequency distribu tion  Mu l l e r  (1962) gives the  following percenta­
ges for th e  cicada species he studied: there were a-sym biots in  over 64 %, YLS in 
36.7 %, x-sym biots in  30 %, f-sym biots in  29 %  and t-sym biots found in  26 %  of all 
cases. The picture for the  num ber of sym biot species per cicada species was as follow s: 
about 3 %  w'ere apo-sym biotic (Typhlocybinae), 5 %  mono-symbiotic, 55 %  disym ­
biotic, 30 %  trisym biotic and 6 %  te tra  to hexasym biotic.

The question of whether the  „B lochm ann bodies“ (La nha m  1968) are really sym ­
biots in  th e  widest sense of the  word (St e in h a u s  1967), or whether they  are be tte r 
described as plasm ids (L e d e r b e r g  1952), pseudovitelli etc. is still under discussion. 
S c h w em m ler  (1973) compares the  endosym biotic protoplastoids and rickettsia 
w ith m itochondria and emphasizes th e  following fea tu res: •

W hile m itochondria are perm anen tly  attached  to a cell, the endosym biots are 
a ttached  with a short in terrup tion  during the  infection of th e  egg; m itochondria can 
no t be cultivated in vitro, whereas protoplastoids and rickettsia can norm ally be 
cultivated to  some ex ten t by way of tissue culture when certain  cell m etabolites are 
added (as apparen tly  practiced by Sc h w e m m l e r  et al. 1973 with the  endosym biots of 
E. plebejus) ; m itochondria m ay be described as xenoreproductive and endosym biots 
as semi-selfreproductive. On the  other hand, m itochondria and protoplastoids are 
sim ilar in  their physiologic behaviour and possibly use the same mechanism to control 
their pH  and pO (osmotic pressure) status.

S ta n a r iu s  (1978) in  his com parison covers viruses and mycoplasms apart from 
bacteria and notes th a t, unlike viruses, mycoplasms can be cultivated on a cell-free 
medium  and, unlike bacteria which possess cell walls have only a lipoprotein m em ­
brane w ith a thickness between 7 and 12 nm . F inally , mycoplasms are highly sensi- - 
tive to  tetracyclines whereas penicillin has no effect.

The sym biots inhab it different regions in  the  body of planthoppers, and the  pic­
tu re  includes diffuse in tracellu lar pa tte rns, syncytial populations in  the  fa t body, 
and  inclusions in  the  m ycetom  or m id-gut epithelium  and in m ycetocytes which m ay 
un ite  in to  mvcetoms, particu larly  where com binations of these p a tte rn s  occur. 
Mycetocytes and syncytia in  these cases are giant cells surrounded by an  epithelium  
which accomm odates the  endosym biots. The epithelium  provides a link  w ith the 
tracheas th a t  are present in  large num bers (K o r n e r  1978). In  the  bacteriodal form s 
there  is a predom inance of m ycetocytes and  mycetoms or sim ilar organs (as in Aphi- 
didae). Double m ycetom s often  occur in  th e  presence of sym biot com binations. The 
essential feature seems to  be, however, th a t these organs are prim arily  found near 
th e  gonads (K o r n e r  1969c, 1978, G i l -F e r n a n d e z  and B lack  1965, E r m isc h  1960).
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1. Symbiot activity

Endosym biots in  planthoppers seem to perform  a variety  of functions quite similar 
to  those of the ir counterparts in  Aphididae (F r ô h l ic h  1988). In  th e  cicada too they 
apparen tly  affect processes related to embryogenesis and  especially the  biosynthesis 
of chitin. I t  has been reported by S chw em m ler  et al. (1973) th a t lysozyme and T etra­
cycline-treated females of E. plebejus lay aposym biotic eggs from which develop 
„capital em bryos“ w ithout abdomens. I t  is the  assum ption of the authors th a t tre a t­
m ent w ith Tetracycline inhibits translation  in  the  synthesis of protein while Penicillin 
interferes w ith the  cross-linking of cell walls and  lysozymes cause lysis of the  1,4- 
glucosidic bond of am ino acetal polysaccharide in  the  Murein of th e  bacterial cell 
wall. From  th is they  conclude th a t symbiotic protoplastoids are a necessary condition 
for norm al embryogenesis. Semi-aposymbiotic and  aposym biotic females were 
inhibited  in  their reproduction, v ita lity  and developm ent, and a to ta l loss of sym biots 
was fatal. W hen aposym biotic cicadas were raised on different types of diets it  was 
found th a t the  endosym biots also produce am ino acids (Cysteine) and cholesterol 
and transm it these substances to  their host, a situation  very similar to  th a t prevailing 
in  Aphididae. In  addition, they are essential in  converting final products from  the 
pro te in  and  nucleic acid m etabolism  of their hosts and thus responsible for detoxi­
fication or N recycling. They therefore are im portan t in  the  norm al p a tte rn  of on to­
genesis so th a t endosymbiosis seems to  be compulsory.

F inally , th e  sym biots are v ita l in the anabolism  of their hosts. The accum ulation of 
uric acid crystals in  aposym biotic specimens shows their im portance also for catabo­
lism (Sc h w e m m l e r  and H e r r m a n n  1979). In  the absence of sym biots death is 
caused by a rising pH  and pO regulation, and physiologic and chemical poisoning is 
eventually  brought about by the  accum ulation of catabolites and a lack of anabolites.

Since hatchable embryos develop in  the  eggs of cicadas even after th e  elim ination 
of th e  sym biot mass, which does no t happen in  Aphididae, Sa n d e r  (1968) and  K ô r - 
n e r  (1978) have concluded th a t the  sym biots of planthoppers m ay be dispensable for 
their hosts during embryogenesis bu t are essential for m etabolism  especially a t larval 
developm ent.

2. Protokaryotic symbiot transmission
The transm ission of protokaryotic sym biots is an in traovarial process in  p lant- 

hoppers which occurs a fte r the  developm ent of specific forms of infection in th e  body 
of th e  females, in  th is case an  infection of th e  ovarioles (Mu l l e p  1972). On th e  whole, 
the  infectious process is m ore complex in  this group of insects th an  in  Aphididae.

For example, the  bacteria-like sym biots of cicadas exist in two forms, one vege­
ta tiv e  and  th e  other infectious. The form er, like the sym biots of aphids, has two 
m em branes—a plasm a m em brane (M^) and  a modified bacterial cell wall (M2). 
There is also a th ird  „envelope m em brane“ (M3) form ed by the  host organism (K o r ­
n e r  1969 c, H o u r  and G r if f it h s  1980). Only Mj_ and M2 can be found in  th e  infectious 
forms. The close relation between .ontogenesis and  the sym biot cycle has been dem on­
stra ted  by S c h w em m ler  et al. (1973) who studied sym biot infection in  E, plebejus. 
They found the  sym biotic infection mass (symbiot ball—SB) a t th e  round end of the 
egg, surrounded by periplasm . I t  rem ains connected to  the  embryo throughout 
germ inal developm ent, has a diam eter from  50—60 pm and consists of some 40—50 
protop lasto id spherical or oval m ain-(a)-sym biots and 150 eosinophile m inor-(t)- 
sym biots. The diam eter of th e  m ain sym biots is from  3—5 pm, th a t of the m inor 
ones betw een 1 and  2 pm. T w enty hours afte r th e  egg laying,, the  SB is embedded
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in blastoderm ic epithelium. The first m ononuclear p rim ary  or a1-cells develop from  
blastom eres (vitellophages) between th e  3rd an d  4th day and transform  in to  prim ary 
or a1-m ycetocytes after infection. In  each of th e  25 or so a1-mycetocytes of the p ri­
m ary m ycetom  one finds up to 30 a-sym biots p a r tly  incorporated and p a rtly  resulting 
from  in tram ycetocary  m ultiplication. No extracellu lar sym biot reproduction has 
been observed (Schw em m ler  et al. 1973, K ö r n e r  1978).

On th e  5th day, as the germ band  shortens, prospective sym biot cells of meso- 
dermic origin are observed (50—70 t-cells), which are characterized by a plasm a space 
of about 1 pm. They m igrate to th e  prim ary m ycetom  where infection by t-sym biots 
occurs, resulting in  t-m ycetocytes w ith abo u t 30 t-sym biots each by incorporation 
and in tram ycetocary  m ultiplication. These a- and t-m ycetocytes form  a complete 
p rim ary  m ycetom  (PM). From  the  7th day onwards, secondary or a2-cells enter the  
PM from  th e  m esoderm al genital ridge to  m ake up the nex t sym biot generation. 
They have two nuclei and incorporate the  a-sym biots while the  ar m ycetocytes 
degenerate. The PM is transform ed in to an unpaired transito ry  m ycetom  (TM or 
pseudo-m ycetom ) where both the  a- and t-sym biots develop in to transp aren t and 
p a rtly  lobulate vegetative form s with a size of 8 pm by in tram ycetocary growth. 
Around th e  10th day, as the  embryo unfolds and for some tim e thereafter, th e  TM 
separates in to a collective or double m ycetom  (DM) consisting of an a- and t-organ 
each. In  th e  ready-to-hatch embryo, finally, one finds lateral m ycetom s (LM) be­
tw een th e  2nd and 5th abdom inal segm ent w ith a lenght of 0.02 mm (S c h w em m ler  
et al. 1973, K ö r n e r  1978).

D uring the  nym phal stage differentiation continues in the kidney-shaped LM. 
The a-organ transform s in to  a-syncytium  and  the  spherical nuclei form  lobules, 
while th e  t-organ does no t change its cell boundaries and nuclear shapes; th e  a- and 
t-organs form separate envelope epithelia for dem arcation. The first oocyte infection 
begins about two days after the  adu lt m olt of the female with the  penetra tion  of 
sym biots in to  the  follicular cells a t the  rear end of the egg. From  there they eventually 
reach th e  space betw een the  follicular epithelium  and the  periplasm  (Sc h w em m ler  
et al. 1973, K ö r n e r  1969b, 1972, 1978, S c h w em m ler  and H err m a n n  1980). I t  would 
seem im p ortan t in  th is connection to  cite Sa n d e r  (1968) and K ö r n e r  (1969b) who 
observed th a t the  em bryonic m ycetom s (prim ary and secondary mycetocytes) devel­
op as if under norm al conditions even when th e  sym biots have been experim entally 
removed, i. e. when there has been no infection.

3. Plantliopper species populated exclusively by YLS
The picture appears somewhat sim pler in  th e  case of planthoppers inhabited exclu­

sively by yeast-like sym biots. Some of these species play a particular role in  the  tran s­
mission of viruses in rice and include Nilaparvata lugens Sta l , Laodelphax striatellus 
(F a l l .), iSogatella furcifera H orv . and Sogatodes orizicola (Mu ir ). The species also 
know n as rice p lanthoppers like Nephotettix cincticeps U h l e r  and their relations do 
no t fall in  th is category as they are populated by bacteria-like a- and t-sym biots 
(Mit s u h a s h i and K ono 1975).

N. lugens is know n as virus vector of grassy s tu n t disease (Philippines), L. striatellus 
of stripe disease and  blackstreaked dw arf (Japan), S. furcifera transm its a num ber of 
viruses and S. orizicola as vector of white leaf spot disease hoja blanka (North, 
Central and South America).

N oda  (1977) has found YLS of an oblong oval shape (ca. 13 pm long) in the  fa t body 
of L. striatellus, which probably reproduce by  budding. The reaction of their nuclei 
is Feulgen positive, and their HNS and pro te in  reaction are also positive. In  the
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course of postem bryonic developm ent their num ber increases and does so, initially, 
in the  body of females. Fewer are found in  male specimens. Infection occurs a t the 
rear end of the  prim ary oocytes through th e  epithelial plug of the  ovary. In  the  last 
phase of embryonic developm ent the sym biots invade the  abdom inal fa t body. In  
females, they  can be detected only there and in the ovarioles bu t no t in  the thorax 
or head region. The p a tte rn  of distribution is as follows (N oda  1977) :
L 2 stage—sym biots scattered in the fa t body
L3 stage— sym biots merged in to small groups
L4 and L 5 stage—localized in large groups to  a growing extent

The following description can be given of the  transovarial passage and embryo 
in fec tion :

The sym biots infect th e  epithelial plug between the  vitellarium  and pedicle and 
penetra te  in to  the  ovariole. Then they proceed to  the prim ary oocyte a t the rear end 
and form  a sym biot ball (SB) before yolk production finishes. The SB is surrounded 
by a m em brane and becomes embedded in to the  yolk near th e  rear end of the  egg (Fig. 1 
and 2), where it can be detected im m ediately after th e  eggs have been laid. Two 
days la ter it has moved to  the  fron t end, m igrates back to the  rear end in  the  course 
of em bryonic developm ent and eventually enters the fa t tissue.

Fig. 1: In fection  of yeast-like sym biots 
a t  th e  rear end of p rim ary  oocytes in  Lao- 
delphax striatellus (E =  epithelial plug, 
S = sy m b io t ball, P = p rim a ry  oocyte — 
from N oda 1977)

N oda (1974) has developed the  following form ula for determ ining the  to ta l num ber
of sym biots in  the  individual stages including the eggs, after hom ogenization in
an 0.8 %  salt solution and a count taken in  the  Thoma cham per:

_. , , . . . a (x + m) .lo ta l  no. of sym biots = ------------ per specimen or egg
where a =  num ber of sym biots in  v

m =  to ta l weight of homogenized insects 
n = n o . of homogenized specimens or eggs 
v =  volume of insect hom ogenate in  th e  hem ocytom eter 
x =  volume of salt solution needed for homogenization.
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Fig. 2: Sym biot ball (S) in  th e  posterior 
p a rt of th e  egg in th e  fem ale of Laodel- 
phax striatellus (from N oda 1977)

In  cases where x is much greater th an  m (e.g. eggs or L1 stage), m can be neg­
lected.

The num ber of sym biots increases as th e  host develops, while their num ber per 
pg of fresh wt. rem ains constan t in the  post-em bryonic stages (about 140— 170). 
A t th e  L g stage the  female nym ph has a larger num ber of sym biots th an  its male 
counterpart. A fter m olting the  num ber found in brachypterous and m acropterous 
males drops sharply, while in females it rises consistently for a s ta rt and reaches a 
m axim um  a t the  beginning of the  egg laying period (240,000 in  brachypterous forms 
and  less in  m acropterous ones). Then the  population density goes down (Fig. 3).

Fig. 3: Changes in  th e  population  density  of sym biots th roug hout th e  developm ent of 
Laodelphax striatellus (A =  12 —24 h, B =  72—84 h, C =  130 —142 h  old eggs; D =  ls t ,  
E  =  2 n d , F  =  3 rd , G =  4 th , H  =  5 th n y m p h a l stage; 1 =  0 — 1 d, J  =  5 —6 d, K  =  10 — l i d ,  
L  =  15 — 16 d old ad u lts ; aco. to  N oda 1974)
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Histologic studies have shown th a t m ost sym biots accum ulate around the  ovaries 

of m aturing females. This seems to  be related to  the  transovarial passage, ju s t as the  
greater population density in  the  bodies of females m ust be ascribed to  egg pro­
duction. The rapid drop in  the  sym biots populating the  bodies of males suggests th a t 
their function  has ended and th e  balanced relation between host and sym biot is 
d isturbed or has become superfluous. 1

Ch ie n -Chting Ch en  et al. (1981a) have also found rod-shaped yeast-like sym biots 
(13—-15 pm long, 5—6 pm wide) in  the  fa t body of N. lugens, which reproduce by 
budding. While evenly d istribu ted  throughout the  body in  th e  L* and L 2 stages, 
they  accum ulate to an  increasing extent in  the  fa t body from  th e  L 3 to  the  adult 
stage. Sim ilar to L. striatellus and  S. jurcifera, N. lugens has no special mycetom, and 
th e  cells inhabited by sym biots merge in to  syncytia.

The infection is intraovarial/transovarial. From  the rear of a newly laid egg the 
sym biot ball m igrates to  the  opposite end two days after the  egg has been laid, in 
the  course of embryonic developm ent. Once blastokinesis is over, it  re tu rns to its 
original position. The SB bursts and the  YLS accum ulate in th e  abdom inal p a rt of 
the  embryo. Figure 4 shows the  changes in  the  population density  of sym biots as the 
host develops, as determ ined by th e  m ethod of N oda (1974).

Eig. 4: Changes in th e  population  density  of sym biots in  Nilaparvata lugens (aec. to 
Ch in -Chung  Ch en  e t al. 1981 a)

N oda and Saito (1979) exposed the  larvae of L. striatellus to  tem peratures of 35 °C 
for th ree days im m ediately after hatching. The result was a reduction of the  sym ­
biots. The insects trea ted  in th is m anner did reach the  L5 stage, b u t a certain percen t­
age died then, while others did no t m olt and  therefore could no t complete m eta­
morphosis to the  adu lt stage as they  had no norm al adu lt cuticle. Sterol analysis 
suggested th a t the  sym biots are a m ajor source of sterol for th e  host insects by 
supplying 24-m ethylene cholesterol.

A te s t was then  m ade to see if the  above-m entioned defect could be repaired by 
feeding sterols and ecdysteron to  heat-treated  planthoppers (Noda and Saito 1979). 
Newly hatched heat-treated  larvae were kep t a t 25 °C and given cholesterol, [3-sitosterol 
and cam pesterol w ith rice leaves. E ven though their developm ent was somewhat
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retarded, 61.6 %  of the nym phs fed cholesterol reached the  adu lt stage as against 
only 15.2 %  w ith ß-sitosterol. Although the insects receive ß-sitosterol from th e  rice 
p lant, its  conversion in to cholesterol requires several stages which were no t completed 
in the course of developm ent. The success achieved with cholesterol, on the other 
hand, indicates th a t the  sym biots supply L. striatellus w ith 24-m ethyl cholesterol.

As a supplem ent to  this test, dorsal topical application of ecdysteron was used on 
heat-treated  L 5 stages 19 days after hatching (optim al dosis 10~2 pg), which in some 
cases led to  the  developm ent of a new cuticle and thus stim ulated the  adult molt. 
Since cholesterol is a precursor in  the production of ecdyson, the synthesis of the la tte r 
suffers when the  form er is in short supply, and metam orphosis is inhibited (Noda et al. 
1979).

A part from heat trea tm ent, antibiotics were also tested  for their su itability  in 
obtaining aposym biotic planthoppers. N. lugens were given Polyoxine S (0.3 %), 
Chloramphenicol (0.1 %), Cycloheximide (0.1 %), Blasticidin-S (0.2 %), N ysta tin  
(0.1 %) and Ampicillin trihydrate . In  the case of Chloramphenicol the  sym biots were 
reduced by 47.5 %  (including abnorm al forms) and m ortality  was 34.7 %. The corre­
sponding figures for Polyoxine S were 44.4 %  and  30.7 %  and for Cycloheximide 55.9 %  
and 61.1 %, respectively. I t  is assum ed th a t Polyoxine tre tm en t inhibits chitin bio­
synthesis, whereas Cycloheximide leads to lysis of the sym biots (Ch ibn -Chung Chen  
e t al. 1981b) — (see also Table 1).

Table 1:
E ffect of an tib io tics on sym biots of p lanthoppers (review of literatu re) 
BLS =  bacteria-like sym bio ts; Y L S —yeast-like sym biots
1) = O r en sk i e t al. 1953; 2) =  Mitsu ha sh i 1975;
3) =  Ch ie n -Chung- Ch en  e t al. 1981b; 4) =  KtrsuMi e t al. 1980;
5) — Schw emmler e t al. 1973; 6) =  Schwemmler 1974

Group A ction Prepa- T est anim al Sym biot Concentra- Type of R esults
ra tio n type tion application

Amino- bacteri- K ana- Macrosteles BLS in v itro sym biots
glycosides cidal m ycin fascifrons culture found sensi­

tive  1)
Laodelphax YLS in v itro no effect 2)
striatellus culture

S trep to - L. striatel- YLS in v itro no effect 2)
m ycin lus cu lture

ß-lactam bacteri- Am picillin Nilaparvata YLS in v itro no effect 3)
an ti- cidal tr ih y d ra te  lugens cultu re
biotics Penicillin L. striatellus YLS in v itro  

cu lture
no effect 2)

Uuscelis BLS 1000 ppm artificial sym biots
plebejus diet dam aged 

hosts 5)
Chloram- bacteri- Chloram - M . fasci- BLS 30 gg/ in vitro sym biots
phenicol cidal phenicol frons P e tri dish cu lture found sensi­

tive  1)
N . lugens YLS 1000 ppm via p lan t 47.5 %  reduc­

tio n  of sym ­
biots
34.7 %  m or­
ta li ty  of 
hosts
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Table 1 (Continued)

401

Group A ction Erepa- T est anim al Sym biot Concentra- Type of R esults
ra tion ty p e tion application

M ethene- Mandelic- M . fasci- BLS in v itro sym biots
am ine am ine frons cu ltu re found sen­

sitive 1)
Novo- bacteri- Novobio- M . fasci- BLS 5 V-gl in  v itro sym biots
biocin cidal ein frons P etri dish cu lture found sen­

sitive 1)
L. striatellus YLS in v itro  

cu ltu re
no effect 2)

Polyene fungi- Ampho- L. striatel- Y L S: 30 pg in  v itro grow th in-
an d cidal te iic in  B lus L s-1 culture h ib ited  a t
polyene 25 °C 4)
m acrolide L s-2 30 pg in  v itro grow th in-

cu ltu re h ib ited  a t 
37 °C 4)

N y sta tin N .Ingens Y LS 1000 ppm via p lan t no effect 3)
T etra- bacteri- T etra- E . plebejus BLS 1000 ppm artific ial 25 %  reduc-
cyclines cidal cycline d ie t tio n  of sym ­

biots
50 %  m or­
ta li ty 5)

E . plebejus BLS 100 ppm root ap- 85 %  norm al
plication em bryos

1000 ppm via p lan t 25 %  norm al
em bryos

250 ppm via water- 95 %  norm al
ing em bryos

Cyclo- L. striatel- Y L S: 2.5 pg in  v itro sym biots
hexim ide lus L s-1 25 °C culture killed 4)
(Actidon) L s-2 30 pg in  v itro sym biots

25 °C cu lture killed 4)
L. striatel- YLS 0 .0 0 1 - in v itro sym biots
lus 0.01 m g/m l cu ltu re grow th

inh ib ited 2)
Chlor- N .Ingens YLS 1000 ppm via p lan t 55.9 %  re_
hexim ide duction  of

sym biots 
30.7 %  m or­
ta li ty 3)

C hitin Poly- N . Ingens YLS 3 000 ppm via p lan t 44.4 %  re-
synthesis oxine S duction  of
inhib itors sym biots

30.7 %  mor
ta li ty 3)

B lasti- N . Ingens YLS 2000 ppm via p lan t no effect 3)
cidin-S L. striatel- YLS 0 .0 0 1 - in v itro sym biot

lus 0.01 m g/m l culture grow th in ­
h ib ited 2)

M ycosta- L. striatel- YLS 0 .0 0 1 - in vitro sym biot
tin lus 0.01 m g/m l culture grow th in ­

h ib ited 2)
Sarcom y- L. striatel- YLS no effect 2)
ein lus
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Reference should also be m ade to  the  a ttem p ted  isolation of sym biots from the 
abdom en of planthoppers for cultivation in vitro . Mitstjhashi (1975) subjected eggs 
of L. striatellus to surface sterilization by dipping them  in 70 %  ethyl alcohol (1 min), 
followed by rinsing in sterile aqua dest. The eggs were then  placed on culture medium 
(MGM-401 for tissue culture), the  chorion rem oved w ith the aid of fine needles, the 
em bryo and yolk were spread and incubated a t  25 °C. At th a t tim e some of the  sym ­
biots were in  budding. H ypha grow th th en  occurred un til mycelium was produced. 
The mycelium immersed in  the  medium was gray, while th a t which rem ained in air 
was cotton-w hite. This mycelium was transferred  to MGM-401 agar, upon which it 
increased in  size and developed a dark pigm ent near the  edge. Such results were, 
however, obtained only w ith planthoppers caught in the open and no t w ith specimens 
bred in  the  laboratory.

Similar studies were conducted by K usum i et al. (1979, 1980) who used eggs of 
L. striatellus. These were sterilized for 3 m in in  0.2 %  H yam ine T, rinsed with sterile 
aqua dest. and dipped for 3 m in in  75 %  ethanol. After this trea tm en t th e  eggs were 
homogenized in sterile water, the  hom ogenate was transferred to  n u trien t agar plates 
w ith modified Grace TC medium, and  incubation a t 25 °C followed. This led to the 
isolation of two different YLS which were th en  identified as Ls-1 and L s-2 with the 
aid of immunologic techniques:
Ls-1 : m ultip liesbybuddingandform sw hitecolonies,thecellsareellipsoidal4.7 x 2.2pm, 
Ls-2 : m ultiplies also by budding, forms yellowish-white colonies, the  cells are oblong 

rods m easuring 1 .5x7 .6  pm (Kusumi e t al. 1979).
The following differences were noted w ith regard to the effect of tem perature on 

g row th :
Ls-1 : The tem perature range for growth in v itro  was between 22 and 33 °C, with no 

grow th above or below these lim its. The optim al range was from  25-31 °C. 
Ls-2 : The tem peratu re range for grow th in vitro  was between 22 and 40 °C, with no 

grow th above or below these limits. The mycelium developed well between 
25 and 35 °C, th e  optim um  being 30 °C.

A tem perature of 37 °C had a lethal effect on Ls-1 bu t only a static  one on Ls-2.
The effect of the  following antibiotics was also tested—Cycloheximide, Ampho­

tericine B, Tetracycline and Chloramphenicol. The la tte r two had no effect a t all, 
while Am photericine B inhibited the  grow th of Ls-1. Cycloheximide killed both 
sym biots (2.5 pg a t 25 and 37 °C, respectively), bu t Ls-2 showed increased sensitivity 
only a t tem peratures above 25 °C.

Mitsuhashi (1975) also m ade a study  of how antibiotics and antiseptics affected 
the  grow th of these YLS in vitro. W hile there was no effect from K anam yein, S trep to­
m ycin, Sarcomycin, Novobiocin and Penicillin, My costatin, Actidon (Cycloheximide) 
and B lasticidin inhibited th e  grow th of YLS a t concentrations from  10“3— 10_2mg/ 
ml. The same was true  of th e  antiseptics m ethyl-p-hydroxbenzoate, m ethyl toqui- 
non and Mezonine a t concentrations from  1Q~3— 1Q~2 mg/ml (Table 1).

The m ost recent research w orth m entioning is th a t done by von der  H eyde (1985) 
on th e  effect of neem products on rice cicadas. Specimens included N. lugens, 8. 
furcijera and  Neyphotettix virescens (Dist .), i.e. two carriers of YLS, th e  la tte r species 
w ith bacteria-like sym biots. The fact th a t neem extracts had a m arked influence 
on nym phs and females of N. lugens and 8. furcifera depending on concentration, bu t 
no effect on N. virescens, m ay be related to th e  different types of sym biots. L nfortu - 
nately, th e  desired confirm ation of an  effect on the existing planthopper population 
was no t obtained in  field experim ents.

F inally , m ention should be m ade of tests to establish the  effect of different form u­
lations of Buprofezin on N. lugens in  irrigated rice (Asai, K a jiha ea , Maekawa 
1984). Very good and persistent control was reported even with low concentrations.
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4. Endosymbiosis in Sogatodes orizicola  (Muir) —Delphacidae
S. orizicola plays an  im portan t role in  rice growing all over America as it  transm its 

the  virus th a t  causes white leaf disease of rice. This species is one of a group all 
inhab ited  by yeast-like sym biots which have not been detected either in the  thorax 
or head region bu t are lim ited to  the  abdom inal fa t body and ovarioles of th e  females. 
The sym biots are oval in shape, w ith an average length of 11.8 pm (8.3— 15.0 pm) 
and  a w idth of 4.6 pm (4.0—6.7 pm). This is very sim ilar to  the  data  th a t have been 
reported  for th e  sym biots of L. striatellus and N. lugens (see above). Microscopic 
studies have shown th a t they m ultip ly by budding (Fig. 5). Their distribution in

k
Pig. 5: B udding  sym biots (S) of S. orizicola (m ethylene blue sta in , 1225 x)

the  body a t individual stages of developm ent follows the  p a tte rn  reported by N oda  
(1977) for L. striatellus—scattered in  com paratively uniform  diffusity across the  
fa t body a t th e  L :l and L 2 stage, concentration growing a t the  L3 stage and centering 
on clearly defined syncytial regions beginning with L4 and particularly  a t stage L5. 
In  female specimens, these concentrations are found particularly  around th e  ovaries 
(Fig. 6). -

The grow th of th e  sym biot populations a t  th e  various stages was determ ined using 
N o d a ’s (1974) m ethod (Fig. 7, Table 2). I t  was found th a t the  num ber of sym biots 
approxim ately doubled during em bryonic developm ent, followed by a drastic seven­
fold jum p a t the  L 4 stage. T hereafter the  populations approxim ately doubled again 
from one stage to  th e  next, bu t a fte r L 4 this tren d  continues up to  L 5 only for th e  
male line w ith alm ost a trip ling of num bers for the  females a t L 5. This grow th is 
parallel w ith th e  increase in  body weight during the  post-embryonic stages of devel­
opm ent. A fter th e  adu lt m olt the  population density of th e  male sym biots drops 
sharply while th a t  of th e  females continues to  rise and reaches a m axim um  a t th e  
beginning of egg laying. Histologic sections of the  female abdom en show m ost of 
th e  sym biots in  th e  syncytia clustered around the  ovaries. As opposed to  population 
26*
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Pig. 6: Syncytium  (syn) in th e  fa t bo d y  of female of 8. orizicola filled w ith  sym biots
(M icrotome section 7 pm)

Pig. 7: P opu la tion  grow th of sym biots in  th e  developm ent o f 8. orizicola (m acropterous 
fem ales an d  males) (Lt —L 5 =  larval stages)

grow th w ith increasing body weight, the ir num ber per un it fresh weight rem ains 
relatively constant. I t  is given as 140—170 per pg of fresh wt. in the  case of L. stria- 
tellus (see above) and  varies betw een 150 and 190 (« =  165) for S. orizicola in  our 
studies. This is, however, tru e  only for fem ales and no t for male insects (Table 2).

The transm ission of sym biots in  S. orizicola obviously follows the  p a tte rn  of trans- 
ovarial passage and  em bryonic infection described by N oda (1977) for L. striatellus.
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T able 2:
Com parison betw een developm ent stage, fresh w eight and  no. of sym biots (as de ter­
m ined b y  th e  m ethod of N od a 1974)

D ays a fte r 
egg laying

Stage Fresh 
w t. pg

No. o f 
sym bio ts

No. of sym biots per 
pg of fresh weight

1 egg 300—400
5 egg 700

10 egg * 800 •
12 L i 38 5600 147,4
14 l 2 55 13300 241.8
17 l 3 160 24300 151.9
19 295 45800 157.9
24 1*5 d 670 85000 (126,9)
24 b 5 ? 900 121000 134.4
27 a d u lt d 645 11700 ( 18-1)
27 ad u lt $ 1300 204200 157.1
30 ad u lt d 640 9300 ( M.5)
30 ad u lt $ 1075 120700 (112.3)

x  = 165.1

W ith th e  aid of sagittal sections through the  abdom en, th e  existence of sym biot 
balls (SB) and sym biots has been dem onstrated in  th e  eggs of females before they 
s ta rt of egg laying (Big. 8). The SB (diam eter ca. 25 pm) is clearly visible near the  
round rear end of th e  sickle-shaped eggs on th e  day of laying (Fig. 9). I t  comprises 
up to  400 sym biots w ith an average length of 8.1 pm and a w idth of 3.1 pm. The eggs 
were kep t in  sterile physiologic solution of common salt for observation of changes 
in the  position of th e  SB. In  th e  course of embryonic developm ent, the  ball m igrated 
to  th e  fron t end and  then  changed position as the  embryo tu rned. W ith th e  completion 
of embryogenesis it  is found in  the  abdom inal fa t tissue where it dissolves. The 
sym biots firs t populate individual fa t cells which th en  merge in to syncytia as th e  
population growTs.

Table 1 reflects th e  influence of certain antibiotics to  sym biots of planthoppers as 
already m entioned, where Tetracycline affects especially bacteria-like sym biots 
of E. plebejus, while Chloramphenicol and Chlorheximide have an effect on yeast­
like ones of L. striatellus and  N .lugens (Sch w em m ler  et al. 1973, S ch w em m ler  
1974, Ch ie n -Ch u n g  Ch e n  et al. 1981b). Chloramphenicol b u t also N ystatin , Sulfachin 
and Thicoper also had a certain effect to  the  sym biots of S. orizicola a fter root appli­
cation with perm anen t exposition in prelim inary tests involving antibiotics, fungi­
cides and sulphonam ides, which could no t be confirmed in all cases in  fu rther tests 
using other types of application.

Based on th e  observation th a t egg infection by sym biots s ta rts  a t the  beginning of 
the  ripening phase of the  eggs after hatching of the  adu lt females, rice p lan ts in 
special rearing cages were sprayed (2 ml/cage) by  products and concentrations sum m a­
rized in  Table 3. A fter drying of th e  spraying film  (after about 30 min) 5 freshly 
hatched females and males each were applied to  the  trea ted  plants. Together with 
their off springs they  rem ained there up to  the  end of the  te s t (about 35 days), so far 
phytotoxic influences by the  chemical products or high population density  of the  
planthoppers do no t force to add new p lan ts to  th e  trea ted  ones. The effect of these 
products observed bases m ainly on the  up take together w ith th e  p lan t sap, for a 
m inor p a rt on th e  contact w ith th e  trea ted  p lant, because the  planthoppers did not 
become sprayed directly .
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Fig. 8a

Fig. 8 b
Fig. 8 a : Egg w ith  sym biot ball (sb) in  th e  abdom en of a female of S. orizicola (m icro­
tom e cross section 7 ¡im). — Fig. 8 b : Egg w ith sym biot ball (sb) in  grea ter enlargem ent 
(620 x, m icrotom e cross section 7 p.m)
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Fig. 9 a

F ig . 9b
Fig. 9 a : Newly laid  egg of S. orizicola w ith  sym biot ball (sb). — Fig. 9 b : R ound end of 
egg w ith  sym biot ball (sb) — (greater enlargem ent)
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T able 3:
E ffect of an tib io tics an d  fungicides to  th e  num ber of offsprings an d  th e  duration  of the ir 
developm ent during F r  an d  E 2-generation

X enobioticum mode of concentra- mode of effect to  P i- effect to  F 2-
action tion , ppm application generation generation

OTC bacteri- 1000 sprayed reduced num ber equal num ber of
cide of insects com- insects like th e

pared  to  th e  
contro l

contro l
Penicillin bacteri- 1000 sprayed reduced num ber equal num ber of

cide of insects com- insects like th e
pared  to  th e  
contro l

contro l
N y sta tin fungicide 1000 sprayed equal num ber of re ta rd a tio n  of

insects like th e developm ent a t
contro l least 6 d

Griseofulvin fungicide 1000 sprayed equal num ber of less offsprings
insects like th e com pared to  th e
control control

Chloram phenicol bacteri- 1000 sprayed reduced num ber less offsprings
cide/bac- of insects com- com pared to  th e
te ris ta tic pared to  th e contro l, re tarda-

control, m orta- tio n  of develop-
lity  after 
9 d =  70 o/o

m ent around 3 d
Cycloheximide an tifungal 100 sprayed less phytotoxic, 

no larva ha tched
no F 2-generation

50 sprayed less phytotoxic, 
sm all am oun t of

no F 2-generation
larva hatched , 
died in  stage

10 sprayed less insects com- considerable less
pared  to  th e insects com pared
control, devel- w ith  control,
opm ent re tarded re ta rd a tio n  of
up to  5 d, mor- developm ent
ta li ty  after 
7 d =  85 %

around 4 d
Thicoper fungicide 1000 sprayed re ta rd a tio n  of equal num ber of
(Carbendazim ) em bryo genesis insects like th e

for ab ou t 2 — 3 d control
A ntracol fungicide/ 2000 sprayed equal num ber of num ber of insects
(Propineb/ insecticide insects like th e sm aller th a n  th e
L indane) control control
M orestan fungicide/ 300 sprayed no larva devel- no F 2-generation
(Chinom ethionat) acaricide

200 sprayed
oped
equal num ber of num ber of in-
insects like th e sects considerable
contro l less com pared 

w ith  th e  control
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In  resu lt OTC, Penicillin and Thicoper showed actually a certain  effect to  the  
F i-generation , bu t became leveled again in  F 2 compared to  the  control. In  contrast 
N ysta tin , Griseofulvin and A ntracol showed effects to  th e  F 2-generation bu t with 
low im portance a t all. The effect of Cycloheximide (100 and 50 ppm ) and  M orestan 
(300 ppm ) is d istinctly  dem onstrated by th e  absence of the  developm ent of larva 
in  the  following generation or the  hatched insects died, respectively, thus a F 2-gene- 
ra tion  could no t come up. W orth m entioning are also Chloramphenicol (100 ppm) and 
M orestan (200 ppm ) under th is aspect.

To illu stra te  the  effect of these products to  symbiots, the  la tte r  ones became 
counted according to N oda  (1974)—see above. I t  was proved th a t th e  num ber of 
sym biots of th e  survived planthoppers showed no significant differences a t th e  test 
end as well as tests between after about 20 days compared with the  control. The same 
result came up after staining w ith m ethylene blue and sodium citra te  (shake 0.01 g 
m ethylene blue w ith 10 ml aqua dest., add 2 g sodium citrate, stir and  filtrate , add 
aqua dest. to  f iltra te  to give 100 ml). Dead protoplasm a will tu rn  in to  an intensive 
blue, while living cells rem ain hyaline. From  this fact comes the  conclusion: either 
the  sym biots become quickly killed by th e  active ingredient of these products and 
the  affected planthoppers die im m ediately, while by insufficient action of the  a. i. 
the  population density of the  sym biots in  th e  hosts become soon balanced, or there is 
no sym bioticidic principle. In  all cases the  described test arrangem ent is no t usable 
for proving of special symbioticidic effects.

Sum m arized it becomes visible, th a t the  infection process and th e  change of the  
population density of the  sym biots during th e  developm ent of th e  host as well as 
the  m ode of action of the  sym biots and their im portance for developm ent processes 
seems to  be relatively similar for the  p lanthopper species w ith yeast-like sym biots 
discussed in  th is paper.

S u m m a r y

A fter a b rie f survey of th e  various form s of symbiosis between cicadas and  m icroorganism s, th e  
sym biotic activ ities an d  the  transovaria l transm ission of bacteroid sym biots a t  th e  exam ple of 
fiuscelis plebejus, th e  carriers of yeast-like sym biots are dealt w ith. These are species of cicadas 
m ainly  from  th e  fam ily D elphacidae th a t  are known as vectors of rice viroses. The d istribu tion  of 
th e  sym biots in th e  body of th e  d ifferen t in stars  an d  of th e  adults, th e ir increase during th e  
developm ent o f th e  cicadas, th e  significance of th e ir  m etabolic activ ities for th e  host organism , th e  
form  of th e ir  transm ission to  th e  offspring an d  the ir reactions to  an tib io tics and  o ther xenobiotics 
of Laodelphax striatellus, Nilaparvata lugens an d  Sogatodes orizicola are com pared and  found to  
correspond in  m any  respects.

Z u s a m m e n f a s s u n g
N ach einer kurzen Ü bersicht über die vielfältigen Form en der Symbiose zwischen Z ikaden und  

M ikroorganism en, die sym biontischen A k tiv itä ten  un d  die transovario le Ü bertragung  bak terien ­
artiger Sym bionten am  Beispiel von Euscelis plebejus g ilt im Folgenden die A ufm erksam keit 
den T rägern  hefeartiger Sym bionten. E s sind  als V ektoren von Reisvirosen bekann te  Z ikaden­
arten  vornehm lich aus der Fam ilie der D elphacidae. Verglichen werden die Verteilung der Sym ­
bion ten  im K örper der E ntw icklungsstadien  un d  der A dulten , ihr Populationszuw achs im Verlaufe 
der Z ikadenentw icklung, die B edeu tung  ihrer S toffw echselak tivitäten für den W irtsorganism us, 
die F orm  der Ü bertragung  au f die N achkom m en sowie ihre R eaktion  au f A ntib io tika u n d  andere 
X enobio tika von Laodelphax striatellus, N ilaparvata lugens und  Sogatodes orizicola, wobei sich 
w eitgehende Ü bereinstim m ungen zeigen.
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Pe3ioMe
Ilocne KopoTKoro oÖ3opa o pa3Hoo6pa3HBix $opMax CHM0H03a Menc^y puKaj^aMH h mhkpo- 

0praHH3MaMH, CHMÔHOTHUeCKOH aKTHBHOCTH H TpaHCOBapilOJILHOM nepeHOCe ÖaKTepiIOBĤ HLIX 
chmöhohtob Ha npHMepe Euscelis plebejus BHHMaHne yuejineTCH HocirrejiHM ppoBKHteBHftHBix 
CHMÖH0HT0B. 9 to b nepByio ouepejib bh^ bi piiKap: ceMeficTBa Delphacidae, H3BecTHLix KaK nepe- 
hocuhhh BHpycHBix Sojiesiieii pnca. CpaBHHBajiH pacnpe^ejieHHe chmÖhohtob b pa3HBix CTaanax 
pa3BHTHH, yBeanaeHiie noHyanpuH b Teuenne pa3BHTHH ipiKaji, BHaueiine aKTHBHOCTH hx oÖMGHa 
BeipecTB flan opraHH3Ma xo3HHHa, <J)opMa nepeHoca chmöhohtob Ha iiotomctbo xo3HeB, a Tanate hx 
peaKpHH) Ha aHTHÔHOTHKH h ppyrne KceHOÖHOTHKH Laodelphax striatellus, Nilaparvata lugens 
h Sogatodes orizicola, npnueM ycTaHOBiiJin irpaKTHuecKH noJiHoe coBnaaeune.
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