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   iVkphotettix cincticaps  UHLER  inserted its stylets  mostly  into both  the  vessel  and  sieve  tube

of  rice  plants, The  frequcncy of  honeydew  excretion  and  honeydew  components  were

closely  related  lo the sucking  sites  in the  vascular  bundle tissues.  The  honeydews excreted
frequently at  the  ratc  of  426-930 droplets per hour  (or 21.3-46.5 ptl/hr) centained  no  sugar,

They  seemed  to be derived from  the  xylem  sap.  On  the  contrary,  the  honeydew  droplets

centaining  both sugars  and  amino  acids  were  excreted  1ess frequently, e.g.,  18-113 droplets

per hour  (e.9-5.7 ptlfhr), which  seemed  to be derived from  the  phloem sap,  Percentages

of  sucking  times  on  the  phleem  and  xylem  were  about  70 and  3e%,  respectively.  The

total amount  of  honeydews  excreted  by  a  single  female adult  per day on  rice  seedlingr  av-

eragcd  235 ul at  250a. Four  kinds of  sugars  and  at  least two  kincls ef  amino  acids  were

detected in the honeydew.  Z'he  total  sugar  and  amino  acid  concentratien  in the honeydew
varied  widely  from  O.34 to O.95%  as  glucose and  O,O02%  or  less as  leucine, respectively,

since  thc  honeydews  depositcd eonsisted  of  two  kinds of  droplets originated  from  the  xylem

and  phloem  sap.  A  single  adult  female discharged abeut  1 mg  of  sugars  and  less than  4

ptg of  amino  acids  per day.

INTRODUaTION

   The  green rice  leafhopper, IVlePhotettix cincticops  UHLER,  is an  important  insect pest
of  rice  in the Hokuriku  district, northern  Japan, causing  damage  by sucking  the  plant
sap.

   It is well  known  that  some  hemipterous insects excrete  sweet  liquid droplets from
their anal  referred  to as  honeydcw. AucLAiR (1963) and  TAMAKi  (1968) reviewed

analytical  data on  the  honeydew  of  aphids  and  mealybugs,  which  made  much  in-
formation available  on  their feeding habits, nutritional  requirements,  and  causes  of

sucking  damage, S6GAwA  C1970a, b) reported  the feeding habits ofthebrownplant-

hopper, AIitciparvata tt{gens STAL, which  caluses  serious  damage  to rice,  Insertion of

stylets  and  probing frequency ef  the green rice  leafhopper have  been  elucidated  his-

tologically (NAiTo and  MAsAKi,  1967a, b).

   An  aim  of  the  present studies  is te clarify  behavior  of  honeydew  excretion,  the

amount  and  component  of  honeydew,  and  sucking  sites in plant tissues in the  green
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rice  leafhopper in relatien  to the  sucking  damage  to rice  plants.

MATERIALS  AND  METHODS

    lasects, Insects used  were  reared  on  rice  seedlings  in a  constant  temperaturc
cabinet  at  250C, 16-8 hr light-dark conditions.  Adult females were  used  at  preovipo-
sitional  stage  in all  experiments.

    Excretive .fi'eeuenay and  chemical  component  of honaydew, An  apparatus  for collecting

the  honeydew  droplets was  devised (Fig, IA). A  single  insect per seedling  was  intro-
duced  into the  cage  fbr 6hr  at  250C. The  filter paper under  the  cage  was  contin-

uously  moved  at  a  speed  of  5 mm  per minute.  Two  kinds of  filter papers were  used.

The  frequency ofhoneydew  excretion  was  observed  by counting  the  droplets on  Water
Blue Filter Paper. Thc  filter paper  is colored  blue when  the  droplets arc  deposited
on  it. The  relative  volume  of  honeydew  droplets was  estimated  by comparing  the

size  of  their  spots  with  that  of  known  amounts  of  2.5%  sucrose  solution  on  the  same

filter paper,
    The  chemical  cornponents  of  each  droplet were  determined using  another  filter

paper: Toyo  Filter Paper No. 51. 0ne  percent aniline  hydrochloride in ethanol  and

O,1%  ninhydrin  in acetone  solutions  were  used  to detect sugars  and  amino  acids,  re-

spectively  (SOGAwA, 1970b). However,  many  droplets could  not  be cletected with

either  reagent,  Therefore, the  filter paper  was  first irradiated with  U. V.  rays  to detect

all the  honeydew  droplets deposited.

    Ameunt  of honaydew excretion  at diflerent temperatures. A  device used  for estirnating

the amount  of  honeydew  excretion  is shown  in Fig. IB. Four insects per 4 seedlings

were  introduced into the  cage  for 24 hr at  20, 25 and  30"C. As  a  control,  other  sets

without  insects were  prepared  at  each  temperature.  Honeydew  droplets were  col-

lected in water  <5 ml).  The  amount  of  honeydew  was  estimated  by  weighing  water

in the  plastic vessel  correcting  for thc  mean  weight  loss of  control  vessels.

    Analyses of honewdew in guatity and  guantity. An  apparatus  for collecting  the  honey-
dew  droplets from leaf blades was  devised (Fig. IC). Five insects were  introduced

into a  cage.  The  honeydew  droplets deposited on  the plate were  collected  with  a

capillary  pipette and  used  for qualitative analyses.

    A  device shown  in Fig. ID  was  used  to collect  the  honeydew  for estimating  the

total amount  of  sugars  and  amino  acids  discharged, Six insects were  introduced into
a  cage  for 24hr  under  outdoor  conditions  in late September. The  honeydew  ab-

sorbed  in the  filter paper was  extracted  with  distilled water  immediately after  col-

lection, In these  experiments,  the  concentrations  of  sugars  and  free amino  acids  were

determined colerimetically  with  anthron-sulfuric  acid  and  nynhydrin-stannous  chlo-

ride  reagents,  respectively  (S6GAwA, 1970a).

    Sugars in the honeydew  were  analysed  by paper-chromatography  with  n-butanol-

acetic  acid-water  (4:1:2V!V). Amino  acids  were  analysed  by two-dimensional

thin  layer chromatography  with  silica-gel  G  containing  5%  corn  starch.  As  solvent

systems,  phenol-O,1%  ammonia  water  (4:1V/V) and  n-butanol-acetic  acid-water

(4:1:2V/V) were  used  for the  first and  the second  development, respectively.  Sugars
and  amino  acids  werc  detected with  reagents  as  mentioned  before.

    7lermination sites of sij,tet sheaths  in Plant tissues. The  frequency of  stylet  insertion
for one  day was  observecl  by  counting  feeding marks  left on  leaf blades. The  feeding
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  Fig. 1. Apparatus  for collecting  honeydew.  a:  translucent  plastic cage  of  5.5cm  in

diameter and  3.5cui in height, b: aluminurn  foil, c: rice  seedling  at  3.5-leaf stage,  d:

filter paper rnoving  at  a  speed  of  5mmlmin,  e:  instrumcnt  for moving  filter paper, f:

rice  seedling  at  2.5-Ieaf  stagc,  g: absorbent  cotton  plug,  h: water  (5mt), i: plastic vessel,

j: leaf blade at  tillering  stage,  k: plastic plate, 1: filter paper.

marks  were  stained  with  erythrosin  and  counted  under  the  microscope  (NAiTo, 1964),

The  termination  sites  of  stylet  sheaths,  which  suggest  the sucking  sites, were  observed

histologically. The  lcaf blades infested by four insects werc  fixed in acctic  acid-al-

cohol  (1 :3 V/V)  and  sectioned  in IO 
,um

 thickness  following an  ordinary  paraMn  sec-

tion  procedure, Thc  sections  were  stained  with  both eosin  and  Delafield's haematoxy-

lin and  examined  under  the microsc()pe.

RESUI.TS

Excretive .freeuenay and  chemicat  ceniponent  of hone.ydew
    The  lcafhopper raises  its abdomen  slightly  just beforc excrcting  honeydcw  drop-

]ets, then  shoots  off  a  droplct, and  rubs  its abdemen  and  anus  with  hind legs evcry  four

or  five droplcts. The  honeydew droplets are  colorless and  transluccnt,  Honeydew

excretion  by 30 insects were  observed  individually,

    The  patterns ofhoneydew  excretion  were  classificd  into two  types,  Types  A  and

B, basecl on  tltcir diflbrent firequencies (Fig. 2). In  Type  A, the  insects excreted  the

droplcts frequently, 7.l-15.5 droplets per minute  (Table 1), so  that the  droplets de-

posited on  the  filter paper drcw  a  series  of  straight  line. In Type B, excretion  was

not  so  frequent, 18-113 droplets per hour, varying  considerably  among  individual

insects, The  droplets of  Type  A  contained  no  sugars  and  almost  ne  amino  acids,
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Table  1.FREQuENay  eF  HoNEyDEw

 oF  HoNEyDEW  DROpLETS
      ExcRETrON  AND

      oF  N. cincticaps

Amount  of'h6;teYEew"  

'-'

 excretion  (pllhr)

COMPONENT

Honeydew
 droplet
 (Type in
 Fig. 2)

Frequency     ,excretlonef honeydew
(droplets/hr)

aomponent of

 heneydewa

Range Mean Range Mean
.SugarArnino

 acid

AB 426-930

 18-113
481.8

 72.8

21.

 o.3-469- 5.5,7

24.1

 3.6 +

±

+

a
 +  : present,l  ; little or  notpresent,  

-:notprcsent.

but these of  Type  B  contained  both sugars  and  amino  acids.  These  resuits  indicated
that  the  leafhopper excreted  two  difibrent kinds ef  honeydew  droplets, and  the

honeydew  cornponents  in quality were  closely  related  to  the  frequency of  honeydew
     Jexcretlon.

    The  diameter of  droplet spots  on  the  filter paper  ranged  from 1.I to 1,5 mm,  and

the mean  volume  of  droplets was  O.05 yl (ranging 0,03-O.07 pl). Therefore, the rate

of  honeydew  excretion  in Type  A  was  6.7 times  as  much  as  that  in Type  B  (Tab]e 1),
    Fig. 3 shows  the  duration of  excretion  of  the  two  kinds of  honeydew  droplets by
individual insects for 6 hr, Some  insects excreted  mostly  either  the sugar-free  or  sugar-

containing  droplets, while  many  others  excreted  both alternately.  The  excreting  pat-
tern  diflbTed significantly  among  individual insects. The  proportion of  the  excreting

times  of  the  two  kinds of  honeydews was  71.2%  for sugar-containing  droplets and

28,8%  fbr sugar-free  ones.  According to Table  1, a  single  adult  female was  estimated

to  excrete  192.9yl of  honeydew  per day on  an  average.

Amount of honaydew excretion  at  dtt7krent temperatures

    The  total amounts  of  daily excretion  by an  insect were  137,O± 47,3 (mean± 95%
CL), 235,3± 75.1, and  363.7± 40.4 pl at  20, 25 and  30 OC,

 respectively,

Sugars and  amine  acials  in honaydew

    The  quantitative colorimetric  assay  showed  that  the  honeydew  contained  O,34
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  Fig. 3. Duration  of  excreting  two  kinds  of  honeydew  droplets by  individual

adult  females for6hr.  ny:  sugar-free  droplets,  ･･････: sugar-containing  droplets.

to O.95%  (mean O,74%)  of  sugars  as  glucose and  less than  O.O02%  of  amino  acids  as

leucine. It is suggested  that  the  diflbrential concentration  of  both  sugars  and  amino

acids  in the  honeydew  was  due  to the  diflerent proportions of  the  two  kinds of  drop-

lets derived from the  phloem  and  xylem  sap.  A  single  insect discharged 436.5 to 1209.2

yg  (mean 945.5 Fg) of  sugars  as  glucose and  less than  4yg  of  amino  acids  as  leucine

for one  day. To  estimate  the  total  amount  of  honeydew  excreted  by an  insect for

one  day, thc  amount  of  discharged sugars  was  divided by the  concentration  of  sugars

in the  honeydew. Thus, the  total amount  of  honeydew  excretion  by  a  single  adult

female was  calculated  to be 59.0 to 163,4 yl (mean 127.8 pt) per day.

    Fig. 4 shows  four kinds ofsugars  detected in the  honeydew,  i.e., fructose, glucose,

sucrose,  and  one  unidentified  substance  with  smallest  Rgvalue.  Only  two  kinds of

amino  acids,  aspartic  acid  and  glutamic acid,  were  detected in the honeydew  when  the

collected  honeydew was  condensed.  Concentrations ofother  amino  acids  were  usually

too  low  to be detected by thin  layer chromatography.

Tlermination sites of stylet  sheaths  in Ptant lissues

    A  single  insect produced 51.5  feeding marks  (ranging 41.0-65.0) for one  day.

When  the stylets  are  inserted into the  plant tissues,  the  salivary  sheath  is formed  with

saliva  secreted  from the  tip ofstylets.  Stylets were  usually  inserted through  the  epi-

dermal cells alongside  the  leafveins. Salivary sheaths  left in the plant tissues showed

a  single  or  branched  continuous  tubular  structure  curving  to the  right  or  Ieft and  usual-

ly extending  as  long as  120-150 ym  (Fig. 5).

    As Tab]e  2 shows,  98%  of  the sheaths  were  fbund to  have  at  lcast one  branch en-

tering into the  vascular  bundles. The  remainder  were  terminated  in the  mesophyll

or  parenchyma  in the  leaf tissues. In the  large vascular  bundle, 60%  of  stylet  sheaths

were  terminated  in the vessel and  30%  in the  sieve  tube.  In the small  vascular  bundle,

the  stylet  sheaths  were  terminated  more  frequently in the  sieve  tube  than  in the  vessel,

but about  one-third  of  the stylet  sheaths  was  in other  tissues such  as  the  mestome  sheath

and  the  parenchymatous bundle  sheath.
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DISCUSSION

    From  the  histelogical observation  of  stylet  sheaths  deposited in plant tissues, it
scems  likely that  the  green rice  leafhopper is a  vascular  bundle feeder as  has been  men-

tioned  by  NAiTo and  MAsAKi (l967a), Some  other  rice  planthoppers and  leafhoppers
are  also  vascular  bundle  feeders(S6GAwA,  1970a; NoDA  et  al,,  1973 ; SoNKu  and  SAKuRAi,
l973). The  vascular  bundles of  rice  plants are  functionally divided into two  parts:
namely  the phloem  and  the xylem,  The  honeydew  of  the  phloem  feeding aphids

is usually  rich  in sucrose  (AuaLAiR, 1963). EsAu  (1961) reported  that  xylem  feeders
discharged a  large amount  of  diluted excreta,  while  phloem feeders excreted  a  rela-

tively small  amount  ofhoneyclew  being rich  in sugars,  The  present experiments  dem-
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Table  2. FREguENay  DIsTRrBuTIoN  oF  TERMINATroN  SITEs OF  STyLET  SHEATHS

                  IN  LEAF  BI.ADE By  N.  cincticops

?lant tissue
Ne. ofsheaths

(%)
Vascular bundle
    tissue

No. ofsheaths
(%)

Large  vascular  bundle I81 (40,4) Xfessei'

Sieve tube

Othersa

1669420 (59,3)(33,6)(

 7.1)

Totalb 280 (100)

srn-al'i 
v5"scular

 bundle 257 (57.4) V'e'ssei'
Sieve tube

Othcrsa

81122115 (25.5)(3B.4)(36,1)

Tetalb 318 (100)

Parenchymatous  tissue

   Total

10 ( 2.2)

448 (IOO)
s Others indicate the parenchymatous  bundle sheath  and  mesteme  sheath,

b One  stylet  sheath  sornetimes  arrives  at  2 or  3 vascular  bundle  tissues, so  the total no.  of  stylet

 sheaths  in vascular  bundle  tissues is larger than  that  of  plant tissues.

onstrated  that  the  green rice  leafhopper excreted  the  two  kinds of  honeydews dur-

ing sucking,  which  were  clearly  distinctive in their  chemical  quality. The  honeydew

excreted  very  frequently did not  contain  sugars  at  all,  and  also  the  content  of  amino

acids  was  very  low. Excretion of  these  honeydews seems  to be responsible  fbr the

xylem  feeding, On  the other  hand, the  honeydew  droplets containing  both  su.crars

and  amino  acids  were  excreted  very  slewly  and  seem  to originate  from  the  phloem

sap.  Based on  this evidence,  it is reasonable  to conclude  that  the  green rice  leafhop-

per alternately  sucks  the  xylem  and  phloem sap.  The  frequency of  honeydew  ex-

cretion  diffbrs distinctly between this  leafhopper  and  N. Iugens.

    The  total  sugar  and  amino  acid  concentration  in the  honeydew  of  this leafhop-

per is lower than  that  of  N. Iugens (S6GAwA, 1970b). NoDA  et al. (I973) have  also  men-

tioned  that  the  total amino  acid  concentration  in the  honeydew  excreted  by the green
rice  leafhopper was  lower than  that  ofother  plant- and  leafhoppers fed on  rice.  These

results  indicate that  the  green rice  leafhopper sucks  the  xylem  sap  much  more  than

the  phloem  sap,  although  the  duration of  ingesting the xylem  sap  is shorter  than  that

of  the  phloem  sap.

    Considering the  kinds of  sugars  detected in the honeydew,  three  of  them  agree

with  photosynthate substances  translocating  in rice  plants (YosHiDA and  MiyAMATsu,

1968) and  one  unidentified  sugar  may  be a  metabolic  waste  product, MiTTLER  (1958)
reported  that  the same  kinds of  amino  acids  could  be detected both in the                                                                   honeydew

efthc  large willow  aphid,  Tletberolachnzas salignus  GMELiN,  and  in the  phloem  sap  on  which

thc insect fed. NoDA  et  al. (1973) detected 14 kinds of  amino  acids  in the  heneydew

of  this leafhopper by  an  automatic  amino  acid  analyser,  but their concentrations  were

usually  very  low. The  detection ofamino  acids  in thc  honeydew  by thin  layer chro-

matography  was  very  cliMcult due to low concentration.

    The  total  amount  of  daily excretion  was  cstimated  by three  difllerent methods

in the  present experiments,  but it was  variable  depending on  temperature,  the  stage

of  rice  plants, and  the  differential sucking  duration on  the  phleem  or  xylem,  even  when

/



Japanese Society of Applied Entomology and Zoology

NII-Electronic Library Service

JapaneseSociety  ofApplied  Entomology  and  Zoology

Feeding Habits of  Leafhopper 399

the same  plants were  ofllered  as  food, The  amount  was,  however, much  larger as

cempared  with  N. tugens CS6GAwA, l97ea). A  single  adult  female discharged about
l mg  of  sugars  and  less than  4 yg of  amino  acids  from  rice  plants by sucking  for one
day, Yield losses caused  by  scking  plant sap  after  the  heading  stage  of  rice  are  due
to the  reduction  in the  percentage ef  ripened  grains and  1000-grain weight  (OyA,
unpublished),  These  feeding habits and  vigorous  honeydew  excretion  would  afi

fect the  physiological conditions  of  rice  plants and  cause  significant  damage  to rice

plants.
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