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INTRODUCTION

Larvae of the rice stem borer, Chilo 
suppressalis WALKER, are able to grow well 
on a synthetic food medium without any 

plant materials from hatchling to matured 
larval stage, under aseptic conditions. 
However, the majority of matured larvae, 

particularly the females, can hardly 
pupate. Even if a few larvae develop 
into pupal stage, they scarcely reach the 
adult stage. These difficulties in metamor-

phosis show that the borer larvae demand 
some unknown nutritional substances from 
dietary source, because the larvae are able 
to pupate, and to attain adult stage satis-
factorily when they feed on rice plant or 
on synthetic diet containing the rice plant 
materials.

Some evidences of the importance of 
certain unsaturated fatty acids in nutri-
tion of some insect species such as 
Loxostege sticticals L., Ephestia spp., Pectino-

phora gossypiella SAUND., Schistocerca gregaria 
FORSK., Locusta migratoria L., and Adoxo-

phyes orana FISCHER VON ROSLERSTAMM, have 
been reported (PEPPER and HASTINGS, 1943; 
FRAENKEL and BLEWETT, 1946, 1947; VANDER-
ZANT, KERUR and REISER, 1957; DADD, 1960, 
1961; TAMAKI, 1961).

The feeding experiments were under-
taken to determine the effect of three un-
saturated fatty acids, soybean oil, and 
ether extract of rice plant, in the course 
of investigations to detect the active sub-
stances present in the rice plant.

MATERIALS AND METHODS

The unsaturated fatty acids, oleic, linole-
ic and linolenic acids, were purchased

from Tokyo Kasei Co. The soybean oil 

tested was obtained from commercial 

products. The ether extract of rice plant 

was prepared as follows: Rice plants at 

the vegetative growth stage were harvested, 

dried at 60•Ž, and pulverized. The rice 

plant powder was subjected to extraction 

with ether in a Soxhlet apparatus for 

twenty hours. The ether was then evapo-

rated at room temperatures.

The basal synthetic diet used in the 

present experiment is a mixture of the 

following ingredients:

Water 42ml

Agar 0.7g

Cellulose, fibrous 1.0

Glucose 1.2

Sucrose 0.5

Casein 1.5

Salt mixture, Wesson's 0.2

Cholesterol 0.02

Brewer's yeast 1.0

The mixture was placed in a 200-ml 

Erlenmeyer flask, and added with test 

materials dissolved in ether. Content of 

the flask was mixed well, and then the 

ether was evaporated off. The flask was 

stoppered with an absorbent cotton plug, 

and steam-sterilized in an autoclave for 

fifteen minutes at 1.0kg/cm2 pressure.

The borer eggs laid on a piece of paper 

were disinfected with 0.1 per cent aqueous 

solution of mercuric chloride, and then 

placed in the flasks, at the rate of 30 to 

40 eggs each. Aseptic rearing was carried 

out in an incubator at 28•Ž, under photo-

period of sixteen hours of light per day. 

After the rearing period of thirty days, 

the surviving larvae were taken out from 

the flasks. Approximate mortalities, and
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average weights of the surviving larvae 
were recorded. The surviving larvae 
were inspected further until pupation 
and adult-emergence occur.

RESULTS AND DISCUSSION

The influence of fatty materials added 
to the basal diets is shown by the results 
given in the Table. It has been reported 
that the borer larvae do not require any 
fatty materials, with an exception of 
sterols, in the food for their growth (ISHII 
and URUSHIBARA, 1954). In the present ex-

periment, all the fatty materials tested 
have no growth promoting activity on 
larvae at any dietary levels, but had harm-
ful effects on larvae at higher concentra-
tions.

The soybean oil at 100mg level had a 
remarkable inhibiting effect, and the ma-

jority of the larvae died at early growth 
stages. The ether extract of rice plant, 
oleic and linoleic acids showed no effect 
on larvae at lower concentrations, but 
showed growth inhibiting effects at higher 
levels. These substances had also no 

positive effect on the adult emergence; 
most larvae, particularly the females,

failed to pupate, and to emerge as adult, 
like larvae grown on the control diet.

The effect of linolenic acid on the larvae 
is worthy of notice. This acid at every 
level had no effect on the larvae in early 

growth stages, but happened to be highly 
toxic after fifteen to twenty days from 
hatching, and all the larvae died at fourth 
or fifth instar. The same result was ob-
tained with a futher experiment in which 
the borer eggs were re-inoculated to the 
diet after all the larvae of the first inocula-
tion died. These results suggested that 
the death of larvae at fourth or fifth in-
star are due to toxic effect of linolenic 
acid itself, but not due to auto-oxidation 

products formed from linolenic acid dur-
ing the rearing period, and that the nutri-
tion and metabolism of linolenic acid in 
the larvae change midway in the growth.

Up until present time, some proofs have 
been reported occasionally that a few 
species of Lepidoptera and Orthoptera 
require certain unsaturated fatty acids. 
Initially PEPPER and HASTINGS (1943) sug-

gested, from chemical analyses of insect 
larvae and of their food plants, linoleic 
acid content of the food plant is responsible

Table. Effect of some lipids on development and metamorphosis of Chilo suppressalis



March, 1963 HIRANO: Effect of Dietary Unsaturated Fatty Acids 61

for sterility of Loxostage sticticalis adult. 
FRAENKEL and BLEWETT (1946, 1947) demon-
strated that three species of genus Ephestia 
require linoleic or linolenic acids in their 
larval food for normal growth and normal 

pupal eclosion, and that arachidonic acid 
has a growth accelerating effect on the 
larvae similar to that of linoleic and linole-
nic acids, but, unlike these latter, failed 
to allow normal pupal eclosion. Recently, 
similar findings were presented for Pectino-

phora gossypiella by VANDERZANT, KERUR and 
REISER (1957), for Locusta migratoria by 
DADD (1961), and for Adoxophyes orana by 
TAMAKI (1961), by means of rearing larvae 
on synthetic food medium. In Pectinophora 

gossypiella and Locusta migratoria, either 
linoleic or linolenic acids fully satisfied 
the fatty acid requirement of larvae. On 
the contrary, requirement for unsaturated 
fatty acid in Adoxophyes orana larvae is 
met completely by linolenic acid but not 
by linoleic acid (TAMAKI, 1961).

From the present experiment, it is clear 
that larvae of Chilo suppressalis require 
neither any kinds of unsaturated fatty 
acids, ether extract of rice plant, nor soy-
bean oil, for their growth, pupation, and 
adult-emergence. At high dietary levels, 
these fatty substances displayed even 
harmful effects on the larval growth.

Failure of pupation and adult-emergence 
found in Chilo suppressalis that feeds on 
synthetic diet without any rice plant 
materials, resembles closely to the symp-
toms of larvae of Ephestia spp., Pectino-

phora gossypiella, Schistocerca gregaria, Lo-
custa migratoria and Adoxophyes orana, fed 
on food deficient in unsaturated fatty acids. 
There is, however, a striking difference 
that symptom in Chilo suppressalis is sex-
linked, while it is not sex-linked in the 
other species. Considering that larvae of 
Pectinophora gossypiella failed to pupate and 
to emerge as adult when they were grown 
on diet deficient in cystine, glycine or 
cholesterol, just like larvae on food defi-
cient in unsaturated fatty acid (VANDERZANT

and REISER, 1956), it seems that there is a 
tendency that most influences of the 
dietary deficiencies of certain significant 
nutrients, concentrate the metamorpho-
sis.

It is concluded that the unidentified 
active substances responsible for meta-
morphosis of Chilo suppressalis have a 
nature insoluble in ether.

SUMMARY

The nutritional effects of unsaturated 
fatty acids, ether extract of rice plant, and 
soybean oil on larvae of Chilo suppressalis 
Walker were investigated by means of 
aseptic rearing of the larvae on synthetic 
food medium. Soybean oil, ether extract 
of rice plant, oleic and linoleic acids have 
neither growth promoting acivity for the 
larvae and nor improving effect on pupa-
tion and adult-emergence, at lower dietary 
levels. These substances, at higher doses, 
have a growth inhibiting activity for the 
larvae. Linolenic acid at every dietary 
level has no effect on larval growth in 
early larval instars, but shows a highly 
toxic effect when the larvae attained the 
the fourth or fifth instar of their growth.
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摘 要

ニカメイガ幼虫 の成育に及ぼす不飽和脂肪酸の影響

平 野 千 里

農林省農業技術研究所

ニカメイガ幼 虫を完全合成飼料 で飼育す ると,幼 虫の

成育 は順調で あるが,蛹 化羽化 が順調に進行 しない。数

種類 の昆 虫で,不 飽和 脂肪酸 が羽 化時の脱皮や翅の伸長

に関係 をもってい るこ とが知 られ ているので,3種 の不

飽 和脂肪酸,お よび比較 のため水稲 のエーテル抽出物,

大豆油 につい て,本 種幼 虫にたいす る栄養 生理上の意義

を調査 した。それぞれ の脂 質を加 えた合成飼料で幼虫 を

無菌飼育 した結果,供 試 した何れ の脂質 も,成 長促進効

果 も蛹化羽化改善効 果も示 さず,高 濃度 では逆に有 害作

用のみ られ る場合が 多かった。特 にlinolenic acidを

加 えた飼料では,幼 虫が若令期 にあ る間 は全 く何の影響

も受 けず対照 区同様に順調 に成育す るが,4～5令 に成

育 する と 全部の 幼 虫が急激 に 死亡す るこ とが 認め られ

た。

以 上 よ り,3種 の不飽和脂肪酸(oleic acid, linoleic 

acid, linolenic acid)は 本種幼虫 にとって必須栄養成

分 でないばか りでな く,む しろ有害作用 をもつ こ と,本

種 の要求 している変態に関与す る未知 の栄養因子 は脂溶

性 ではない ことが明 らか にな った。


