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Introduction 

Among the planthoppers and leafhoppers, 
some species, Sl\Ch as Nilaparvata lugens Stal 
and Sogatella furcif era Horvath, have been 
considered to come to Japan from foreign 
countries every year because they are unable 
to hibernate in Japan, while other species like 
Laodelphax striatellus Fallen and N ephotettix 
cincticeps Uhler are able to hibernate in Ja­
pan. In spite of heavy damage of rice crop 
caused by them, many aspects of basic prob­
lems such as their nutritional requirements 
or growth physiology have not been clari­
fied yet. 

With the purpose of making clear the 
nutritional requirements of these insects, we 
have developed a method of artificial rearing 
on a synthetic diet which consists of only 
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known chemical substances. By employing 
this method, nutritional requirements and par­
ticular substances which promote or inhibit 
egg-laying have been made clear. 

Up to the present, three species of Delto­
cephalidae3,4,o>, N . cincticeps, Recilia dorsalis 
Motshulsky and Macrosteles fascifrons Stal, 
and four species of Delphacidae10 ,, o,22-2·1,29,:w> , 
L. striat ellus, N. liigens, S. furcif era, and 
Sogatella longifurcif era Esaki and Ishihara, 
were successfully reared from .. the ,1st instar 
to adult on synthetic diets without contacting 
host plants.,. 

'·· 

Apparatus for artificial rearing 

1) Rearing vessels 
Fig. 1 A shows a vessel for planthoppers 

and B for leafhoppers. For a film to hold a 
synthetic diet, which is sucked by insects 

B 
Di et 

I 

I 
C hol es terol 
solut ion 

Fig. 1. Rearing vessels for planthoppers and leafhoppers 
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Fig. 2. An apparatus for oviposition 

through the film, Parafilm M or Fuji Sealon 
film is used. 

2) An apvaratus for ovivosition 
This apparatus is made up as follows 

(Fig. 2) : An L-shaped plastic tube is in­
serted into a small hole bored in the wall of 
a plastic-made Petri-dish, and fixed with ad­
hesive. A plastic cylinder to be used as the 
insect cage is connected to the Petri-dish 
through a large opening bored in the lid of 
the Petri-dish. A small hole is bored in the 
wall at the upper part of the cylinder for the 
use in putting insects into the cage. 

8) Other necessary avparatits and tools 
Sterilized filtration system for sterilization 

of artificial diets, and heat-tolerant screw­
capped glass tubes (20-25 ml of capacity) for 
preservation of sterilized artificial diets. In 
addition, pipetes, small writing brushes, etc. 
are needed. 

Preparation of the synthetic diet 

The composition of the diet is given in 
Table 1. Since it takes a lot of time and 
labor to add one by one these substances in 
the table, the following method is adopted. 
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All the amino acids are put together and 
preserved as a two times concentrated mix­
ture. As cystine and tyrosine hardly dissolve 
in neutral water, they are first dissolved in 
the small amount of lN hydrochloric acid, and 
then distilled water is added. Then, 1·emain­
ing amino acids are dissolved. Vitamines are 
kept as a ten times concentrated mixture. As 
l'iboflavin is not easily soluble in cold vvater, 
it is dissolved into warmed (50°C) water. 
Biotin, which hardly dissolves in neutral 
water, is dissolved into the small amount of 
alkalin solution and used. Sodium ascolbate 
is added at the final stage of the diet prepara­
tion, because of auto-oxidation occurring even 
at frozen condition after it is dissolved. Trace­
metals are kept in a refrigerator as a 100 
times concentrated solution. The concentrated 
mixtures of amino acids and of vitamines are 
kept by freeze storage at - 20 ° C. The diet 
prepared is finally sterilized by passing 
through a sterilizing filter, distributed into 
screw-capped glass tubes, and is stored at 
- 20 °C until use. Aqueous solution of choles­
terol should be prepared by adding 100 mg 
of cholesterol to 100 ml distilled water, and 
stored in a refrigerator. 

Methods of artificial rearing 

1) Methods of collecting eggs 
Planthoppers and leafhoppers lay their eggs 

in the tissue of host plants, and at the time 
of oviposition, they suck plant sap. Therefore, 
in the study of artificial rearing from gener­
ation to generation or in that of nutritional 
physiology, artificial induction of egg-laying 
in places other than rice plants or taking out 
of eggs laid in rice plants has to be adopted. 
To get oviposition in the apparatus for ovi­
position (Fig. 2) , the Petri-dish is covered 
with a stretched Para-film or Sealon film which 
is fixed to the wall of the dish with a rubber 
band. This film allows the insect to Jay 
eggs into the solution supplied into the Petri­
dish through the L-shaped side tube. For 
L. striatelliis and R . clorsalis 5% sucrose solu­
tion is used. N. lugens seldom lays eggs on 
pure sucrose solution, but lays some eggs on 
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Table 1. Composition of some holidic diets for planthoppers and 
leafhoppers (mg/ 100 ml) 

Ingredient 

L-Alanine 
r-Aminobutyric acid 
L-Arginine hydrochloride 
L-Asparagine 
L-Asparatic acid 
L-Cysteine 
L-Cystine hydrochloride 
L-Glutamic acid 
L-Glutamine 
Glycine 
L- Histidine 
DL-Homoserine 
L-lsoleucine 
L-leucine 
L-Lysine hydrochloride 
L-Methionine 
L-Phenylalanine 
L-Prol ine 
DL-Serine 
L-Threonine 
L-Tryptophan 
L-Tyrosine 
L-Valine 

Thiamine hydrochloride 
Riboflavin 
Nicotinic acid 
Pyridoxine hydrochloride 
Folic acid 
Calcium pantothenate 
Inositol 
Choline chloride 
Biotin 
Sodium L-ascolbate 

Sucrose 

MgCh • 6H20 
MgSO. • 7H20 
KH2PO, 
Kd-IPO. 
FeC'3 • 6H20 
CuCh • 2H20 
MnC'2 • 4H20 
ZnCh 
CaCl2 • 2H20 

pH 

sucrose solution, containing 0.004 M salicylic 
acid, adjusted to pH 6.530>. By this method, 
L. striatellits and N. lugens laid eggs in the 
solution, while R. dorsalis laid eggs in both 
of the diet and the sucrose solution. However, 
N. cincticeps does not lay eggs at all, and 
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S. furcif era was hardly possible to lay eggs. 
The eggs laid are transferred into water in 
the small Petri-dish and preserved. The eggs 
developed normally in water. Just before 
hatching, the eggs are placed on moistened 
fi lter paper to allow hatching. When the 



hatching time has to be adjusted, the eggs in 
water can be preserved at low temperaturen . 

On the other hand, N. cincticeps, S. furci­
fe1·a, and S. longifurcife1·a are allowed to lay 
eggs on rice seedlings, and the eggs are col­
lected just before hatching onto moistened 
filter paper, and allow them to hatch. 

2) Methods of rearing larvae 
For planthoppers, the following procedure 

has been established. A drop of distilled wa­
ter is given to round-shaped filter paper 
placed on the bottom of the rearing vessel. 
Newly hatched larvae are transferred into the 
vessel one by one using a small writing brush, 
and the top of the vessel is covered with a 
stretched film. A drop of synthetic diet is 
placed on the film, and then another film is 
spread on it. The larvae of planthoppers 
suck the diet through the film. Larvae of 
N . cincticeps and R. dorsalis are given a syn­
thetic diet from one side and cholesterol solu­
tion from the other side (Fig. 1 B) . 'l'he 
rearing by this method at 25°C and 16 hr of 
illumination causes deterioration of the diet 
mostly by microorganisms, because no anti­
septic or antibiotic substance is contained in 
the diet. Therefore, the diet is renewed every 
two days. Although the rearing from the 1st 
instar to adult can be done continuously in 
a vessel, the vessel is renewed when the in­
side of the vessel is spoiled with insect ex­
creta, etc. 

Development of synthetic diet and 
nutritional physiology 
1) Sugars 
Sugars are very important not only as 

energy sources for planthoppers and leaf­
hoppers, but also as stimulators to oviposi­
tion or to feeding. The most suitable kind 
of sugars and its concentration for the surviv­
al of L. striatellus were examined. The result 
showed that sucrose gave the highest survival 
rate, followed by glucose, fructose, and mal­
tose in that order. Treharose and raffinose 
showed the survival rate lower than that of 
the control ( distilled water) 28,. R. dorsalis 
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Table 2. Mul tiple choice experiment with 
lnazuma dorsalis using water and 
aqueous solution of different sugars 

Time ( hr) 
Choice 

3 5 7 24 

Distilled water 5 4 4 2 3 
10% sucrose 8 12 12 8 20 
10% glucose 3 6 3 0 1 
10% fructose 4 1 2 3 0 

Numbers of larvae found on four liquids at each 
time are shown. The result is the total of 5 
repeated experiments, using each a total of 20 
nymphs. 

prefers sucrose to glucose and fructose 
(Table 2) u) . The number of eggs laid by 
L. striatellits into sugar solutions was the 
greatest with sucrose, follo,ved by glucose, raf­
finose and fructose in that order32>. Hatched 
larvae of N. litgens grew up to adult on the 
synthetic diets containing 3 to 50% of su­
crose. S .1crose at 5% showed the shortest 
larval period, indicating that it was favorable 
to larval growth and development. When su­
crose content was 0-1 %, all the larvae died 
at an initial stage after hatching11-

13
, . 

2) Amino acids 
It was made clear that cystine and methio­

nine are essent.ial to the growth of larvae 
of L. striatellus18l, while larvae of N . /.ugens 
require no indispensable amino acids (Table 
3) 12,1-1>. It indicates that planthoppers require 
only few essential amino acids1 ,2s,2&> , as com­
pared to Myzits ve1·sicae and Avhis fabae, both 
are hemipterous insects whose nutl'itional re­
quirement was already known. For M. versi­
cae, methionine, histidine and isoleucine are 
indispensable, and for A. fabae, alanin, cys­
teine, histidine, methionine, phenylalanine, 
proline, serine, and tryptophan are indispens­
able. The fact that planthoppers require vet·y 
few kinds of amino acids, compared with 
other insects, is regarded attributable to sym­
biotic microorganisms (present in the insect 
body) which are supposedly able to produce 
various substances required by the host in­
sect.2,1<1,1R). 

Effect of 23 kinds of amino acids on ovi-
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Table 3. Essential amino acids for the larval growth of the hemip-
terous insects 

Nilaparvata LaodelPlzax Myzus Aphis 
lugens striatellus persicae fabae 

Alanine + 
Arninobutyric acid 
Arginine 
Asparagine 
Asparatic acid 
Cystine (Cysteine) + + 
Glutamic acid 
Glutamine 
Glycine 
Histidine + + 
Homoserine 
Isoleucine + 
Leucine 
Lysine 
Methionine + + + 
Phenylalanine + 
Proline + 
Serine + 
Threonine 
Tryptophan + 
Tyrosine 
Valine 

+ : Essential, - · Nonessential. 

Table 4. Essential vi tamins for the larval growth of the hemipterous 
insects 

Thiamine 
Riboflavin 
Nicotinic acid 
Pyridoxine 
Folic acid 
Pantothenate 
Inositol 
Choline chloride 
Biotin 
Ascorbate 

+ : Essential, 

Nilaparvata 
lugens 

+ 

+ 

+ 

Nonessential. 

position of L. striatellus was examined: argi­
nine, glutamic acid, tyrosine, and valine were 
inhibitory, while cystine was stimulative19,33>. 

8) Vitamins 
Essential vitamins to the larval growth of 

L. striatellus and N. lugens were thiamine, 

Laodelphax Myzus Riptort11s 
striatelttts persicae clavatus 

+ + 
+ 

+ 
+ 

+ + 

pyridoxine, and pantothenate12,u,20 >. Of he­
mipterous insects except planthoppers and 
leafhoppers, only aphids and true bugs were 
examined for vitamin requirements. Aphids 
(M. persicae) require thiamine nicotinic acid, 
and pantothenate, and true bugs (Riptorus 
clavatus) only riboflavin as essentail vita-
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Fig. 3. Multiple choice experiments of lnawma 
dorsalis using different colors 

Y: yellow, G: green, R: red, B: blue, 
P: purple. 
A total of 100 larvae were used. 
Number of larvae found on diffrent 
colors at various times is shown. 

mins2,3GJ . Like this, insects even of the same 
order differ in vitamin requirements with dif­
ferent species. It was also presumed that 
vitamin-balance influences wing form of the 
red-eye strain of L. striatellus11, 31>. 

4) Inorganic salts 
It was made clear that K, Mg, P, Fe and 

Zn are indispensable to larval growth of 
L. striatelltis. Removal of Mn alone or of Ca 
alone allowed the larvae to grow up to the 
adults21>. 

5) Sterol 
One of the characteristics of insect nutri­

tion is sterole requirement. Although it is 
said generally that insects are unable to 
synthesize sterol by themselves, L. striatellu.s, 
N. lugens, S. furcifera, and S. longifurcifera 
can grow from the initial larval stage to 
the adults on the synthetic diet lacking 
stero11o,1s ,22-2.,,20,:io> . As the reason, sterol syn-
thesis by symbiotic microorganisms in the 
insect body is considered. On the other hand, 
N. cincticeps, R. clorsalis, and M. fascifrons 
require sterol like other ordinary insects3,4.o1 . 
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6) Color 
It seems that by coloring artificially the 

synthetic diet with the color which attracts 
planthoppers and leafhoppers, better result of 
artificial rearing will be obtainned. In an ex­
periment of color choice, R . dorsalis likes yel­
low most of all, followed by green, but don't 
like red, blue, and purple (Fig. 3) 8>. 

Conclusion 

The method of artificial rearing of plant­
hoppers and leafhoppers, important insect 
pests to rice crop, using the synthetic diet 
has been established. By adopting this meth­
od, it becomes possible to investigate in de­
tail the nutritional requirements and growth 
physiology of these insects, as well as meta­
bolism in the insect body. In this connection, 
it is anticipated that the role of symbiotic 
microorg:··nisms inhabiting the insect body 
will be d arified, when those microorganisms 
can be removed. Furthermore, the research 
in this field will defil1itely be able to con­
tribute to the selection of resistant varieties 
and development of chemical control methods, 
and also it is applicable to various experi­
ments and reseai·ches such as oral inoculation 
of virus, mycoplasma, etc., and oral administ­
ration of pesticides. At present, this rearing 
technique is successfully utilized for the 
artificial rearing of predacious mites, natural 
enemies of thrips and mites, which are pests 
for vegetables, and examination of nutrition­
al requirements is going on5•3·1l . 

References 

1) Dadd, R.H. & Krieger, D. L.: Dietary amino 
acid requirements of the aphid, Myzus persi­
cae. J. Insect Physiol., 14, 741-764 (1968). 

2) Dadd, R.H., Krieger, D. L. & Mittler, T. E.: 
Studies on the artificial feeding of the aphid 
Myzus persicae (Sulzer) . IV. Requirements 
for water-soluble vitamins and ascorbic acid. 
J. Insect Physiol., 13, 249- 271 (1967). 

3) Hou, R. F. & Brooks, M.A. : Continuous rear­
ing of the aster leafhopper Macrosteles fasci­
frons on a chemically defined diet. J. Insect 
Physiol., 21, 1481- 1483 (1975). 

4) Hou, R. H. & Lin, L. C.: Artificial r earing of 



26 

the rice green leafhopper, Nephotettix cinc­
ticevs, on a holidic diet. Entomol. Exp. & 
Appl., 25, 158-164 (1979) . 

5) Itagaki, N. & Koyama, K.: Rearing of the 
predacious mite, Amblyseius eharai Amital et 
Swirski (Acarina : Phytosiide) on a synthetic 
diet. Jpn. J . Avpl. Entomol. Zool., 30, 298-
300 (1986) [In Japanese with English sum­
mary) . 

6) Koyama, K.: Choice experiments of Inazuma 
dorsalis (Hemiptera: Deltocephalidae) on 
some sugars. Jpn. J. Appl. Entomol. Zool., 
15, 269-271 (1971) [In Japanese) . 

7) Koyama, K.: Experiments on the preserva­
tion of eggs of Inazuma do1·salis (Hemiptera : 
Deltocephalidae) at low temperatures. ]?rn. 
.!. Appl.. Entomol. Zool., 16, 50- 51 (1972) 
[In Japanese). 

8) Koyama, K. : Preference on color of the diets 
in Inazuma dorsalis (Hemiptera: Delto­
cephalidae). hm. J. Appl. Entomol. Zool., 
17, 49-53 (1973) [In Japanese with English 
summary) . 

9) Koyama, K. : Rearing of Inazuma d01·salis 
and Nephotettix cincticeps on a synthetic 
diet. Jpn. J. Appl. Entomol. Zool., 17, 163-
166 (1978) [In Japanese]. 

10) Koyama, K.: Rearing of the brown plant. 
hopper, Nilaparvata lttgens Stal (Hemiptera : 
Delphacidae) on a synthetic diet. Jpn. J. 
Appl. Entomol Zool., 23, 39-40 (1979) [In 
Japanese]. 

11) Koyama, K.: Survival of larvae of the brown 
planthoppe1·, Nilaparvata lugens Stal (He­
miptera: Delphacidae) on sugar solutions. 
Jpn. J. Appl. Entomol. Zool., 25, 125-126 
(1981) [ In Japanese). 

12) Koyama, K. : Nutrit ional physiology of the 
brown rice planthopper, Nilapa1·vata lugens 
Stal (Hemiptera : Delphacidae). Chinese J . 
Entomol., 4, 93-105 (1984) . 

13) Koyama, K.: Nutritional physiology of the 
brown rice planthopper, Nilaparvata lugens 
Stal (Hemiptera: Delphacidae). I. Effect 
of sugars on nymphal development. Appl. 
Entomol. Zool., 20, 292-298 (1985) . 

14) Koyama, K. : Nutritional physiology of the 
brown rice planthopper, Nilaparvata lugens 
Stal (Hemiptera: Delphacidae). II. Essen­
tial amino · acids for the nymphal develop­
ment. Appl.. Entomol. Zool., 20, 424- 480 
(1985). 

15) Koyama, K.: Nutritional physiology of the 
brown rice planthopper, Nilaparvata lugens 
St?\l (Hemiptera: Delphacidae). III. Essen­
tial vitamins for nymphal development. 
Appl. Entomol. Zool., 21, 252-257 (1986). 

16) Koyama, K. & Mitsuhashi, J.: Artificial feed-

JARQ, Vol. 22, No. 1, 1988 

ing of smaller brown planthopper, Laodelphax 
sfriatellus Fallen (Hemiptera: Delphacidae). 
Jpn. J. Appl. Entomol. Zool., 13, 89-90 (1969) 
[In Japanese]. 

17) Koyama, K. & Mitsuhashi, J.: A dietary fac­
tor affecting the wing form of Laodelphax 
striatellus Fallen (Hemiptera : Delphacidae). 
Jpn. J. Appl. Entomol. Zool., 17, 111-118 
(1973) [In Japanese]. 

18) Koyama, K. & Mitsuhashi, J . : Essential 
amino acids for the growth of the smaller 
brown planthopper, Laodelphax striatellus 
Fallen (Hemiptera: Delphacidae). Appl. 
Entomol. Zool., 10, 208- 215 (1975). 

19) Koyama, K. & Mitsuhashi, J.: Differences in 
oviposition of the smaller brown planthopper, 
Laoclelphax striatellus, in response to various 
amino acid solutions ( Hemiptera : Delpha­
cidae). Avpl. Entomol. Zool., 11, 33-37 (1976). 

20) Koyama, K. & Mitsuhashi, J.: Essential vi­
tamins for nym.phal growth of the smaller 
brown planthopper, Laodelphax st1-iatellus. 
Jpn. J. Appl. Entomol. Zool., 21, 23-26 (1977) 
[ In Japanese with English summary). 

21) Koyama, K. & Mitsuhashi, J.: Essential trace 
metals for the nymphal growth of the smaller 
brown planthopper, Laoclelphax striatellus 
Fallen. Jpn. J. Appl. Entomol. Zool., 23, 173-
177 ( 1979) [In Japanese with English sum­
mary]. 

22) Koyama, K. & Mitsuhashi, J.: Rearing of 
the white-backed planthopper, Sogatella 
furC"if era Horvath (Hemiptera: Delphacidae) 
on a synthetic diet. Jpn. J. Appl. Entomol. 
Zool., 24, 117-119 (1980) [In Japanese] . 

23) Koyama, K. & Mitsuhashi, J. : Rearing of 
planthoppers ( Hemiptera : Delphacidae) on 
a synthetic diet under a short photoperiod. 
Jpn. J . Appl. Ento1nol. Zool., 27, 69-71 (1983) 
[In Japanese with English summary). 

24) Koyama, K. Mitsuhashi, J . & Nasu, S. : Rear­
ing of the planthopper, Sogatella lonuifur­
cifera Esaki et Ishihara (Hemiptera: Del­
phacidae) on a synthetic diet. Jpn. J. Appl. 
Entomol. Zool., 25, 198-200 (1981) [In Japa­
nese with English summary] . 

25) Leckstein, P. M. & Llewellyn, M. : Effect of 
dietary amino acid on the size and alary 
polymorphism of Aphis fabae. J. Insect 
Physiol., 19, 973-980 (1973). 

26) Leckstein, P . M. & Llewellyn, M.: The role 
of amino acids in diet intake a nd selection 
and utilization of dipeptides by Aphfs f a.~ae. 
J. Insect Physiol., 20, 877-885 (1974). 

27) Mitsuhashi, J.: A device for collecting pl~nt­
hopper and leafhopper eggs (Hemiptera : 
Delphacidae and Deltocephalidae) . Apvl. 
Ent01nol. Zool., 5, 47-49 ( 1970). 



28) Mitsuhashi, J. & Koyama, IC: Survival of 
smaller brown planthopper, Laodel11hcix 
stri<ttelliis Fallen, on carbohydrate solution 
(Hemiptera: Delphacidae). A1111l. Entomol. 
Zool., 4, 185-193 (1969). 

29) Mitsuhashi, J. & Koyama, K.: Rearing of 
planthoppers on a holidic diet. E n tomol. 
Exv. & Apvl., 14, 93- 98 ( 1971). 

30) Mitsuhashi, J. & Koyama, K. : Artificial rear­
ing of the smaller brown planthopper, Lao­
delvhax st·riatellus Fallen, with special ref­
erence to rearing conditions for the first in­
star nymphs. Jpn. J . Apvl. Ento·mol. Zool., 
16, 8-17 (1972) [In Japanese with English 
summary]. 

31) Mitsuhashi, J. & Koyama, K. : Folic acid as 
a dietary factor affecting the wing morph of 
the planthoppe1·, Laodelvhax st1•iatellus (He­
miptera: Delphacidae). Entomol. Exp. & 
Appl., 17, 77-82 (1974). 

32) Mitsuhashi, J. & Koyama, K.: Oviposition 
of smaller brown planthopper, La.odelphax 
st1··iatellus, into various carbohydrate solu­
tions through a Parafilm membrane (He­
miptera : Delphacidae). Appl. Entomol. Zool., 

27 

10, 123- 129 (1975). 
33) Mitsuhashi, J. & Koyama, K. : Effect of 

amino acids on the oviposition of the smaller 
brown planthopper, Laodelvhax st1·iatelbus 
(Hemiptera: Delphacidae). Entomol. Exp. & 
Appl., 22, 156- 160 (1977). 

34) Murai, T. & Ishii, T. : Simple rearing method 
for flower thrips (Thysanoptera: Thripidae) 
on pollens. Jpn. J. Appl. Entomol. Zool., 26, 
149-154 (1982) [In Japanese with English 
summary]. 

35) Noda, T. & Kama no, S.: Effects of vitamins 
and amino acids on the nymphal development 
of the bean bug, Rivtortus clavatus Thun­
berg. Jpn. J. Apvl. Ento1nol. Zool., 27, 295-
299 ( 1983) [In Japanese with English sum­
mary]. 

36) Sekido, S. & Sogawa, K.: Effects of sali­
cylic acid on probing and oviposition of the 
rice plant- and leafhoppers ( Hemiptera: 
Delphacidae and Deltocephalidae). Appl. 
Entoniol. Zool., 11, 75-81 ( 1976) . 

(Received for publication, October 2, 1986) 


	22-1-020
	22-1-021
	22-1-022
	22-1-023
	22-1-024
	22-1-025
	22-1-026
	22-1-027

