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Effect of Plant Growth Hormones on the 

Activity of Invertase of the Alimentary 

Canal of Nephotettix cincticeps 

UHLER (Homoptera: Cicadellidae)

By Kazushige SOGAWA

Laboratory of Applied Entomology and 
Nematology, Faculty of Agriculture, 

Nagoya University, Anjo

I

There is abundant evidence that the feeding 

of hemipterous insects often induce systemic 

symptoms on their host plant, such as growth 

depressions, wilting, chlorosis, vein-clearing, 

etc.. These phytotoxemias indicate a possible 

relationship between insect damage and plant 

growth substance activity. According to ALLEN 

(1947), this suggestion is based on the similarity 
in growth changes in plants caused by hormones

and by insect feeding, the similarlity in enzyme 

activity, and the suppression of insect damage in 

a certain plant after treatment with hormones. 

Many investigators have shown the presence of 

plant growth-inhibiting substance or auxin inacti-

vator in the salivary glands of various species 

of insects (SMITH, 1920; FISHRE et al., 1946; NUORTEVA, 

1956; etc.). However, the reason why the insects 

inject such toxic entity into the plant during 

feeding is completely obscure or merely speculative 

at present. This preliminary communication reports 

the effect of plant hormones on the activity of 

invertase from the alimentary canal of the leafhop-

per, Nephotettix cincticeps UHLER, and action of 

the salivary secretions on the plant hormones is 

discussed with relation to its toxic effect on plant.

II

Activity of invertase was markedly inhibited 

with indolyl-3-acetic acid (IAA) at the concent-

ration of 0.5-2.0•~10-3M (Fig. 1). It was also
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Fig. 1. Inhibition of invertase activity by IAA (I), and 

suppression of the inhibitory effect of IAA 

by the pretreatment with homogenate of the 

salivary glands (II). For the enzyme assay 

1ml of the supernatant, buffered at pH 5.8, 

prepared from the homogenate of the ali-

mentary canal was added to 5ml of 1.2M 

sucrose solution containing IAA, and the 

reducing sugar was estimated after incu-

bation for 8 hours at 37•Ž.

strongly inhibited by ƒ¿-naphtalene acetic acid 

and 2,4-dichlorophenoxy acetic acid (Table 1). 

These facts are of particular interest since the 

invertase appears to be the most important 

digestive enzyme in N. cincticeps (the author's 

unpublished data). With the fact that feeding 

track of N. cincticeps reaches closely near the 

vascular bundle (NAITO, 1962), it is possibly 

considered that the plant hormone is sucked up 

with the plant juice during ingestion. Then, if 

the hormone comes in contact with the invertase 

in the active form within the alimentary canal, 

the digestive function of the leafhopper may be

Table 1. Effect of IAA analogues on 

invertase activity.

disturbed. However, the inhibitory 

mechanism of IAA on the invertase 

is quite obscure, and the further 

investigations are necessary to make 

it clear. Recently EDELMAN et al. 

(1964) have reported that the inver-

tase synthesis by aerated slices of 

artichoke tuber is markedly inhibited 

by IAA, but the hormone has no 

direct effect on the activity of the 

developed enzyme.

III When the substrate sucrose solu-

tion containing IAA was treated pre-

viously with the homogenate of the 

salivary glands of N. cincticeps the 

inhibitory effect of IAA was ex-

tremely suppressed (Fig. 1). In this 

case, the increase of the enzyme 

activity depending on the invertase 

from the salivary glands was neg-

ligible. This experimental evidence

suggests that the salivary secretions act as a 

hormone inactivator, and prevent the inhibitory 

effect of the hormone on the invertase activity. 

On the other hand, it has been well known that 

many species of hemipterous insects secrete two 

types of saliva in their feeding process, one is a 

sheath material, and the other is a watery saliva 

(STOREY, 1939; DAY et al., 1952; MILES, 1958, 
1959; SAXENA, 1963; etc.). The hormone inactiva-

ting substance, if it really exists, seems to be 

contained in the watery saliva which is secreted 

into the plant, mixed with the plant juice, 

and sucked back into the food canal. It has 

also demonstrated that some fraction of the 

injected saliva diffuse far beyond the area in 

which the feeding tracks are deposited (CARTER, 

1945; LAWSON et al., 1954). In this respect, there 

is a hypothetic possibility that the watery saliva 

which is remained within the plant after sucking 

may disturb the normal growth of the host plant.
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The above-mentioned possible function of the 

salivary secretions may explain the sucking of 

the insects which are often toxicogenic to the 

host plant. N. cincticeps is, however, not always 

severely toxicogenic. It is probable that the 

incidence and severity of the phytotoxemias are 

closely related not only to the toxic effect of the 

salivary secretions, but also to the feeding 

behavior of the insect, and the physiological and 

developmental status of the host plant. Otherwise, 

the plant hormone may have no effect on the 

metabolism of insects. According to NUORTEVA 

(1956), IAA can be transferred in the active 

form from a nutrient medium to the salivary 

glands of Stenodema calcaratum FALL. Also the 
invertase activity of Tettigella viridis LINNE was 

little affected by IAA (the author's unpublished 

data). Careful studies are in progress on the 

function of the salivary glands with special 

relations to the phytotoxemia and the role in the 

digestive process of the insect.

The author appreciates Prof. K. IYATOMI for

his assistance in the preparation of the paper.
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