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The brown planthopper was observed to make only infrequent attempts to probe the
aerial space or distilled water behind a parafilm membrane. Most of the stylet sheaths
produced in these regions were very short and did not branch. Sucrose and aspartic acid
showed little influence on the probing response despite their action as sucking stimulants.
Salicylic acid was found to stimulate the stylet probing, and its optimum effect was recorded
when 0.001 to 0.004 M salicylic acid was present together with 29, sucrose. In such
media, the planthopper deposited a large number of branched and well extended stylet
sheaths similar to those produced in rice plant tissues, indicating an enhanced stylet probing
response. Other aromatic monocarboxylic acids occurring in rice plants had no effect.
Salicylic acid suppressed the sucking response at the efficient concentrations as the probing
stimulant. The saps obtained from rice plants and four kinds of non-host plants stimulated
stylet probing of the brown planthopper.

INTRODUCTION

The feeding process of the brown planthopper, Nilaparvaia lugens, whose sucking sites
are restricted to the vascular elements of the host plants (Socawa, 1970a, b), con-
sists of two distinct behavioral phases; namely, probing which is performed in non-
digestible parenchymal tissues, and sucking which takes place after penetration into
digestible vascular elements. It is considered that they are independent from and
incompatible with each other, being under the control of particular sets of stimuli
occurring in either parenchymal tissues or vascular elements.

Recently an important role of dietary carbohydrates and amino acids is being
realized as sucking stimulatory factors for various hemipterous insects (FEIR and
Beck, 1963; Aucrair, 1965; MITTLER, 1967a,b,c; ARN and CLEERE, 1971 ; HARREWIJN
and NoorpiNG, 1971 ; KLincAUF and NOckER-WENZEL, 1972; S6cawa, 1972).  Several
kinds of botanically restricted substances have also been reported to have a signifi-
cant influence to the preferential behaviors of the insects through gustation, dura-
tion and frequency of the stylet penetration, and the rate of sap intake (WENSLER, 1962;
SmitH, 1966; DanLman and Hisss, 1967; Moon, 1967; WENSLER, 1968; KLINGAUF,
1971; Naurt and StYER, 1972; ScHOONHOVEN and Derksen-Korppers, 1973); and
some of them have been referred to as arrestants or phagostimulants.

So far little attention has been paid to the specific chemical stimulants involved
in the probing reactions. This report deals with the probing response of the brown
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Probing Stimulant of the Brown Planthopper 205

planthopper in various liquid media, and evidence is presented that salicylic acid
serves as a probing stimulant for this species. A preliminary discussion concerned
with the possible role of salicylic acid in the sucking site location within the host plant
tissues, is presented in the latter part of this report.

MATERIALS AND METHODS

Insects. Macropterous female adults were taken from a stock colony of brown
planthoppers, which had been maintained on rice seedlings in the laboratory for
several years.

Probing media. Tested chemicals were dissolved either in distilled water or in
sucrose solution (2 or 209%,) at known concentrations and offered to insects. Distilled
water was used as a test medium as well as a control. Penetration of the stylet into
the aerial space behind a stretched parafilm was also observed. Plant saps from
rice (Oryza sativa), chikenpanic grass (Echinochloa Crus-galli var. hispidula), umbrella
sedge (Gyperus microiria), cabbage (Brassica oleracea var. capitata), and sweet potato
(Ipomoea Batatas) were tested. With the exception of rice, the plants are not hosts of
the brown planthopper. The plant saps were obtained by pressing the fresh aerial
parts of each plant species; the exudate was immediately boiled for a few minutes to
inactivate enzymes and for deproteinization, and then filtrated. The filtrate was
directly used as the probing medium.

DBioassay for the probing response. For each test, ten insects were confined in a plastic
cup (80 ml), whose open end was closed with a sheet of stretched parafilm. The cup
was then inverted on a watch glass containing the test medium, so as to enclose the
medium between the parafilm membrane and watch glass (Fig. 1). The insects were
allowed to probe the medium through the parafilm membrane for a 24 hr period at 25
—28°C under fluorescent lamps. At the end of this period, the stylet sheaths
deposited on the parafilm membrane were stained with basic fuchsin and observed
microscopically. As measures of the effects of each chemical or plant sap on insect
probing, the length and branching of the stylet sheaths were recorded. Because the
data contained a wide range of values and the frequency distribution was not nor-
mal, the numerial values of stylet sheat length (Xmm) were subjected to the transfor-
mation (1/100X) to stabilize the variance before the ¢-test was applied.

Bioassay for the sucking response. Liquid intake was mcasured by incorporating
32P-H,PO, into the probing media. The insects, which sucked the labelled media,

Fig. 1. Apparatus to assay the probing responses of the female adults of
the brown planthopper for various artificial media. A, cotton plug; B,
plastic cup; G, stretched parafilm; D, probing medium; E, watch glass.
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were digested in concentrated nitric acid by heating under an infra red lamp, and their
radioactivity was measured with an Aloka SC-IC automatic 27 thin window gas flow
G-M counter.

RESULTS

Probing response for aerial space, distilled water, and sucking stimulatory chemicals

In a preliminary experiment, the probing response for the aerial space behind a
parafilm membrane, distilled water, sucrose solution and aspartic acid solution were
observed. Almost all of the stylet sheaths produced in the aerial space and distilled
water were short and rod-like, having a length of about 0.045 mm and 0.06 mm, respec-
tively (Fig. 3A). As shown in Fig. 2, the frequency distribution of sheath lengths
was asymmetrical, and the maximum frequency appeared at 0.05 mm. Similar stylet
sheaths were deposited in aqueous solutions of sucrose and aspartic acid of various
concentrations (Table 1, Fig. 3B). In these media, branched sheaths were rather
exceptionally formed, and the insects attempted only superficial probings in most
cases, although slightly deeper penetration was seen to occur for the sucrose solutions.
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Fig. 2. Frequency distribution of the length of 450 stylet sheaths deposited in distilled water.

Probing response for plant saps ,

The planthoppers deposited apparently longer and more branched stylet sheaths
in the rice plant sap, and even in the non-host plant saps tested here than in distilled
water (Table 2). It was noticed, however, that branched sheaths were only infre-
quently produced in the non-host plant saps as compared to the rice plant sap.

Probing response for salicylic acid and related chemicals
In a series of experiments, the effects of 0.005 M aqueous solution of several kinds
of aromatic monocarboxylic acids, which were known to be present in rice plants
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Table 1. THE ProBING RESPONSES OF THE FEMALE ADULTS OF THE BROwWN PLANTHOPPER
FOR SUCROSE, ASPARTIC Acip, DisTILLED WATER AND AERIAL SPACE

Average length of sheath Stimulated % Sheath with indicated
Compound probe number of branch
Numerical Transformed (=0.12mm)
value (mm) value (+S.E.) (%) 1 2 3 >4
Sucrose
1.2 0.075 2.684+0.072 6 99.5 0.5 0.0 0.0
1.0 0.081 2.7940.072 12 98.3 1.4 0.0 0.3
0.8 0.097 2.964:0.132 20 99.6 0.2 0.2 0.0
0.6 0.089 2.914-0.082 18 98.5 1.5 0.0 0.0
0.4 0.096 3.05+0.112 22 97.3 1.6 1.1 0.0
0.2 0.080 2.704£0.112 18 97.0 1.5 1.5 0.0
Aspartic acid
0.4 0.052 2.36+0.06= 4 98.6 0.0 1.4 0.0
0.2 0.063 2.4640.072 6 98.3 1.7 0.0 0.0
0.1 0.067 2.5040.092 12 100.0 0.0 0.0 0.0
0.05 0.056 2.2740.08= 4 100.0 0.0 0.0 0.0
Distilled water 0.061 2.3940.01 5 98.7 0.7 0.6 0.0
Aerial space 0.045 2.0940.05 2 100.0 0.0 0.0 0.0

a Means in the same block with the same superscript letter are not significantly different at the
59, level in t-test.

Table 2. THE ProOBING RESPONSEs OF THE FEMALE ApuLTs OF THE BROWN PLANTHOPPER
FOR THE SAps oF Host AND Non-Host PLANTS

Average length of sheath Stimulated % Sheath with indicated
probe number of branch
Plant sap Numerical Transformed (=0.12mm)

value(mm) value (+S.E.) (%) 1 2 3 >4

Rice 0.171 3.994-0.1]12D 70 33.3 25.0 11.7 30.0
Chicken-panic grass 0.143 3.65+0.112 28 73.9 15.3 5.9 4.9
Umbrella sedge 0.211 4.454-0.14be 45 57.6 26.8 10.8 4.8
Cabbage 0.241 4.8240.13c 46 89.8 8.6 1.6 0.0
Sweet potato 0.198 4.3440.14be 39 78.6 12.4 6.2 2.8

a~c Means with the same superscript letter are not significantly different at the 5% level in t-test.

(Kuwatsuga and OsuiMA, 1961; Ismn et al.,, 1962), were tested (Table 3). Among
the compounds tested, salicylic acid was noticed by an evidence that it definitely,
though to a lesser extent, activated the probing. The mean length of sheaths produced
in salicylic acid was 0.08—0.09 mm, while less than 0.07 mm in the other chemicals.
The effect of salicylic acid was therefore further tested at various concentrations rang-
ing from 0.0005 to 0.008 M either in the presence or absence of sucrose (Table 4).
Through these experiments, it was evident that salicylic acid could promote stylet
probing at conccntrations greater than 0.001 M, and its effect was remarkably po-
tentiated in the presence of sucrose. The optimum effect was exerted when 0.001
to 0.004 M salicylic acid coexisted together with 29, sucrose in the probing media.
In such media, sometimes nearly 509, of sheaths were branched, and a considerable
number of them had more than three branches (Fig. 3C). Even single tubular ones
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Table 3. THE ProBiNG REsPONsEs oF THE FEMALE ADULTS OF THE BROWN PLANTHOPPER
FOR AROMATIC MONCCARBOXYLIC AcID OCCURRING IN THE RICE PLANTS

Average length of sheath Stimulated % Sheath with indicated

Compound® probe number of branch

p Numerical Transformed (=0.12mm)

value (mm) value (£S. E.) (%) 1 2 3 >4
Salicylic acid 0.085 2.84-+0.06° 19 92.6 5.3 1.1 1.0
Benzoic acid 0.068 2.53+0.06¢ 9 99.4 0.6 0.0 0.0
Ferulic acid 0.055 2.3240.034 0 99.4 0.6 0.0 0.0
p-Hydroxybenzoic acid 0.055 2.28+0.054 1 98.3 1.7 0.0 0.0
p-Coumalic acid 0.054 2.26+40.044 2 99.7 0.3 0.0 0.0
Vanillic acid 0.043 2.03+0.04¢ 1 99.8 0.0 0.2 0.0

2 0.005M in distilled water.

b~e Means with the same superscript letter are not significantly different at the 5% level in f-test.

Fig. 3. The Stylet sheaths (x27) produced in distilled water (A), 19%,
sodium aspartate aqueous solution (B), and 29, sucrose solution contain-

ing "0.004 M salicylic acid (C).
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Table 4. Tue ProBING RESPONSES OF THE FEMALE ADULTS OF THE BROWN
PLANTHOPPER FOR SALICYLIC AcCID

% Sheath with indicated

Concentration of Average Iength. of sheath Stimulated number of branch
salicylic acid (M)  Numerical Transformed ~ PTOP¢ (250' 12mm)
value (mm) value (£S. E.) (%) 1 2 3 >4
(without sucrose)
0.008 0.099 3.054-0.052P 28 88.7 8.0 2.0 1.3
0.004 0.096 2.9940.068b ‘ 23 941 5.1 0.7 0.1
0.002 0.106 3.1440.062 34 81.3 13.3 3.9 1.6
0.001 0.090 2.87+0.06b 24 96.7 2.9 0.4 0.0
0.0005 0.074 2.634-0.06° 13 95.0 3.8 0.6 0.6
0 0.061 2.38+0.05¢ 7 99.6 0.0 0.4 0.0
(with 29, sucrose)
0.008 0.114 3.2740.08v 34 73.2 17.6 6.2 2.0
0.004 0.176 4.074+0.112 67 47.4 245 16,9 11.2
0.002 0.170 3.984-0.102 71 83.4 9.8 3.5 3.3
0.001 0.146" 3.794-0.102 71 84.5 8.7 4.2 2.6
0.0005 0.106 3.1940.08v 37 87.0 8.7 4.3 0.0
0 0.084 2.7440.09¢ 24 91.3 3.9 4.8 0.0
(with 209 sucrose)
0.0C8 0.139 3.6040.092 53 86.8 10.7 2.5 0.0
0.004 0.144 3.7040.092 60 80.0 13.5 3.7 2.8
0.002 0.142 3.63+0.092 53 83.5 10.5 3.6 2.4
0.001 0.095 3.00-£0.06" 23 78.9 14.0 3.9 3.2
0.0005 0.077 2.7040.05¢ 14 93.4 5.3 1.3 0.0
0 0.078 2.72+0.06° 12 97.8 1.5 0. 0.7

a~d  Means in the same block with the same superscript letter are not significantly different at the
59, level in t-test.

were as long as 0.16 to 0.18 mm in average length. Occasionally they were longer
than 0.3 mm. The stylet sheaths formed in the above media were gencrally the same
as those in the rice plant sap.

In similar experiments, several chemicals related to salicylic acid were tested
at a concentration of 0.005 M in combination with 29, sucrose solution in order to
evaluate their effects on the probing response. In dinitrosalicylic acid, significantly
longer sheaths were deposited than in the salicylic acid medium, where the sheaths
shorter than 0.1 mm length were scarcely recognized .(Table 5). The longest oac
was 0.43 mm. The other compounds tested were all apparently less effective than
salicylic acid.

Effect of salicylic acid on sucking response .

In an attempt to evaluate the effect of salicylic acid on liquid intake, it ‘was
offered to the insccts incorporating 32P-H;PO, in 209 sucrose solution. - Sucrose acted
as a sucking stimulant for-the brown planthopper, and its maximal intake was obtained
at 0.6 M(about 209,). * In the presence of salicylic acid above 0.001 M, the intake of
sucrose solution <decreased proportionally with increase of salicylic acid concentra-
tion, and the insect sucking was almost completely inhibited at 0.008 M (Table 6).
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Table 5. THE ProBING REsponsEs OF THE FEMALE ADULTS OF THE BROWN PLANTHOPPER
FOR SEVERAL ComMpOUNDS RELATED TO SALICcYLIG AcID

Average length of sheath Stimulated % Sheath wi}h indicated
Compound® Numerical Transformed (”>_0p.r102b§1m) pumber of branch

value (mm) value (48S. E.) (%) 1 2 3 >4
Dinitrosalicylic acid 0.238 4.76+0.108 94 77.8 15.7 4.5 2.0
Salicylic acid 0.163 3.91+£0.09¢ 71 66.0 20.2 9.2 4.6
Protocatechuic acid 0.122 3.404-0.084 50 90.4 6.4 2.4 0.8
p-Hydroxybenzoic acid 0.113 3.244+0.094 35 87.2 6.5 4.8 1.5
p-Chlorobenzoic acid 0.107 3.1740.074 38 87.9 7.2 4.1 0.8
Gallic acid 0.106 3.15+£0.084 30 93.8 3.5 1.9 0.8
Control (29 sucrose) 0.083 2.69+0.06¢ 11 93.7 4.9 1.4 0.0

2 0.005M in 29, sucrose solution.
b~e Means with the same superscript letter are not significantly different at the 59 level in t-test.

Table 6. ErrFecT OoF SALICYLIC ACID ON THE SUCKING RESPONSES OF THE
FEMALE ADULTS OF THE BROWN PLANTHOPPER2

Concentration of Mortality Total No. of Radioactivity Radioactivity ingested
salicylic acid (M) (%) sheath formed ingested (ratio) No. (?itisoh)eath

0.008 100 178 0.01 0.07

0.004 65 229 0.15 0.08

0.002 30 182 0.25 0.14

0.001 5 64 0.64 0.79

0.0005 0 38 0.95 1.86

0 (209, sucrose) 10 68 1.00 1.00

2 Data are an average of two replications, each containing ten insects.

DISCUSSION

As reported in the previous paper (S6cawa, 1970a), the brown planthopper deposits
stylet sheaths having a coherent tubular structure in the course of probing within the rice
plant tissues. The insects usually insert the stylets repeatedly to various direction
through the same poiunt of entry, and branched sheaths are consequently formed. The
stylet insertion is considered to be regulated by certain chemical factors rather than
physical factors, because the brown planthopper produces sheaths similar to those de-
posited in the live plant tissues when allowed to probe the rice plant sap through a
parafilm membrane, whereas they probed only sparingly into aerial space or distilled
water.

Mirrteer and Dapp (1965) reported marked differences in the probing response
of the aphid, Myzus persicae, in various media. They considered that shallow probing
could result from at least two possible causes, either rapid stylet withdrawal after brief
probes into relatively unacceptable diets or prolonged sucking without penetration
into acceptable diets. Diets of intermediate preference evoke a production of long
sheaths as a result of exploratory response. In this explanation, the probing response
is regarded as a subordinate phenomenon to the sucking response, and difference in
the length of sheaths is accounted for in relation to acceptability of the media for
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sucking. The results obtained in the present study do not necessarily support this
idea. It has been shown that sucrose and aspartic acid act as phagostimulants for the
brown planthopper (S6cawa, 1972, 1973), but the probing responses were almost con-
stant throughout the concentrations tested. This evidence clearly indicates that prob-
ing and sucking are behavioral responses independent from each other, which are
governed by different chemical stimuli.

It was evident that brown planthoppers produced stylet sheaths with considerable
variation in length depending on the chemical nature of the given media. The short
rod-like sheaths (0.02—0.06 mm) were generally considered to be a reflection of rapid
interruption of probing after a single thrust of the stylet insertion and a single puff of
sheath saliva. Almost all sheaths deposited when the planthopper probed aerial space
or distilled water were of this type. On the other hand the type of elongated sheaths
that were often found, for example, in the rice plant sap were thought to be for-
med by sequential motion of the stylets and secretion of sheath saliva, as described by
S6cawa(1971). Naurt and Gyrisco(1966) have also mentioned that aphids make two
types of stylet probes which are termed the test probe and the phloem-seeking probe.
For the present study, probings more than 0.12 mm depth were tentatively regarded
as stimulated probing, since deeper probings were seldom made in aerial space and
distilled water. A positive correlation (r=0.83) was found between the percentage
of stimulated probing and the transformed mean value for the length of sheaths pro-
duced in each medium tested, as shown in Fig. 4. The percentage of branched sheaths
which increased with an increase in the average length of sheaths, attained a maxi-
mum at about 4.0 (0.16 mm), and again tended to decrease (Fig. 5). This indicates
that excessively deep penetrations tend to reduce the repeated probings toward
different directions through the same point of entry. Such an example can be found
in the probing response for the cabbage sap or dinitrosalicylic acid-sucrose solution.

Salicylic acid was discerned to be a probing stimulant of the brown planthopper.
Planthoppers tended to produce more densely branched and longer stylet sheaths in
media containing salicylic acid above 0.001 M. Formation of such branched and
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Fig. 4. Correlation between transformed average values of the length of stylet
sheaths and percentages of the stimulated probes made in various media.
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Fig. 5. Correlation between transformed average values of the length of stylet
sheaths and percentages of the branched sheaths made in various media.

elongated sheaths indicates that planthoppers are apt to probe repeatedly through
the same point of stylet insertion, and at the same time make deeper penetrations.
It was also noticed that the probing stimulatory effect of salicylic acid was strikingly
accentuated when offered in combination with sucrose. Sucrose has no definite stimu-
latory effect on the probing responses. The optimal concentration of sucrose as a suck-
ing stimulant was about 0.6 M, but it could potentiate the effect of salicylic acid at
concentrations below 0.2 M, at which its stimulatory effect on sucking was not
significant. This indicates that sucrose affects both the probing and sucking phases
under different modes of action. IsHn etal. (1962) isolated salicylic acid from rice
plants. Kirant et al. (1972) also detected it as a major phenolcarboxylic acid of
rice plants. It is, therefore, possible that salicylic acid acts as a natural probing
stimulant in the rice plant tissues for the brown planthopper.

Although several botanical chemicals including sinigrin (WENsLER, 1962; Moon,
1967; WERING, 1968; NaurLt and StvYER, 1972), spartein (SmitH, 1966), phlorizin
(KrincAuF, 1971), and a n-paraffin (KLiNGAUF et al., 1971) have been suggested to
possess significant effects on the aphid probing behaviors thus far, their mode of action
has not been fully analyzed with the exception of sinigrin. Following MooN’s finding
that sinigrin increases settling behavior of the cabbage aphid but not ingestion (MooN,
1967), NauLT and StyEr (1972) demonstrated further that sinigrin also stimulated the
stylet penetration phase of the phloem seeking probe of the aphids from the evidence
that more than five times as many long stylet sheaths were produced in the sinigrin so-
lution as compared to a water control.

Demonstration of a probing stimulant such as salicylic acid is valuable to an
understanding of the feeding mechanism of the brown planthopper. Regarding
the mechanism whereby homopterous insects are able to localize their sucking tissues
in the plants during probing, Fire and FramprTon (1936) presented a hypothesis that
pH gradient with the plant tissues played a major role for guiding the insect stylets to
the objective sites. Later this hypothesis wag; however, rejected by Day etal. (1952).
Several worker supposed that the sucking site was generally located by means of trial and
error (PAINTER, 1928; DAy et al., 1952; EHRI—iARDT, 1961), but they did not refer to the
chemical stimulants concerned to this random probing phase. As reported in the
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earlier paper (S6cawa, 1973), the brown planthopper also seemed to localize the
sucking tissues by random exploratory probings. In this process, chemical stimuli
such as salicylic acid are considered to play an important function in enhancing the
random exploratory probings. If such stimulants are absent, insects might fail to
localize the sucking sites, because of reluctant probing activity. The probing of the
brown planthopper was apparently stimulated not only in the rice plant sap but also in
the sap of non-host plants, indicating that the green plants tested here were provided
with the necessary stimuli to activate probing response of the brown planthopper in
spite of their unsuitability as the host plant. This seems to support EHRHARD’s opinion
that critical discrimination of host plants by aphids occurs after location of sieve
elements and ingestion of sieve sap (EmrHARDT, 1961, 1963). That salicylic acid
suppresses the imbibition in the brown planthopper at the concentrations effective
onto the probing seems to be desirable property of the probing stimulant, because
the probing is always made in the plant tissues outside the sucking objectives.

Recently the innervation in the stylets of various species of sucking insects was
demonstrated by means of electron-microscopy (Fores, 1966; ParrisH, 1967; FORBES
and MurLick, 1970; Forses and Raine, 1973). The nerves in the stylets seem to
function as chemoreceptors for the probing stimulants.

REFERENCES

ArN, H. and J. S. Creer (1971) A double-label choice-test for the simultaneous determination of
diet preference and ingestion by the aphid Amphorophora agathonica. Ent. exp. & appl. 14 : 377-387.

AvucLAIR, J. L. (1965) Feeding and nutrition of the pea aphid, Acyrthosiphon pisum (Homoptera :
Aphidae), on chemically defined diets of various pH nutrient levels. Ann. ent. Soc. Am. 58 : 855~
875.

Danrman, D. and E. T. Hisss (1967) Responses of Empoasca fabae (Cicadellidae : Homoptera) to
tomatine, solanine, leptine I, tomatidine. solanidine, and demissidine. Ann. ent. Soc. Am. 60 : 732
-740.

Day, M. F., H. Irzvkiewicz and A. MckINNON (1952) Observations on the feeding of virus vector
Orosius argentatus (Evans), and comparisons with certain other jassids. Aust. J. Scient. Res. (B)
5:128-142.

EHRHARDT, P. (1961) Zur Nahrungsaufnahme von Megoura viciae Buckt., einer phloemsaugenden
Aphide (Homoptera, Rhynchota). Experientia 17 : 461-462.

ExruaArDT, P. (1963) Zum Problem der Nahrungspflanzenwahl der Aphiden. Experientia 19 : 204-
205.

Fer, D. and S. D. Beck {1963) Feeding behavior of the large milkweed bug, Oncopeltus fasciatus.
Ann. ent. Soc. Am. 56 : 224-229.

Fire, J. M. and V. L. FrampTON (1936) The pH gradient extending from the phloem into the
parenchyma of the sugar-beet and its relation to the feeding behaviour of Eutettix tenellus. J. agr.
Res. 54 : 581-591. :

Forses, A. R. (1966) Electron microscope evidence for nurves in the mandibular stylets of the
green peach aphid. Nature 212 : 726.

Forees, A. R. and D. B. MurLrick (1970) The stylets of the balsam woolly aphid, Adelges piecae
(Homoptera : Adelgidae). Can. Ent. 102 : 1074-1082.

ForBes, A. R. and J. RamNe (1973) The stylets of the six-spotted leaf hopper, Macrosteles fascifrons
(Homoptera : Cicadellidae). Can. Ent. 105 : 559-567.

HAaRrewIjIN, P. and J. Ph. W. Noorpink (1971) Taste perception of Myzus persicae in relation to
food uptake and developmental processes. Ent. exp. & appl. 14 : 413-419.

Isam, S., C. Hirano, Y. IwaTa, M. Nakasawa and H. Mivacawa (1962) Isolation of benzoic and

NII-Electronic Library Service



214 K. Sdcawa

salicylic acids from the rice plant as growth inhibiting factors for the rice stem borer (Chilo
suppressalis WALKER) and some rice plant fungus pathogens. Jap. J. appl. Ent. Zool. 61 : 281-288.

Kirani, K., K. Onata and C. Kuso (1972) Metabolic changes in the rice plants infested by hel-
minthosporium blight fungus (Cochliobolus miyabaenus (S. Ito et KuriB.) DRECHSLER). Bull Shi-
koku Agr. Exp. Stat. No. 24 : 1-26.

Krincaur, F. (1971) Die Wirkung des Glucosids Phlorizin auf das Wirtswahlverhalten von Rhopalo-
siphum insertum (WALK.) und Aphis pomi DE Geer (Homoptera : Aphididae). Z. Ang. Ent. 68 :
41-55.

Krincaur, F. and K. NocHeEr-WENzEL (1972) Einfluss von Aminosduren auf das Wirtwahlverhalten
von Acyrthosiphon pisum (Homoptera : Aphididae) unter besonderer Beriicksichtigung ihres chemi-
schen Aufbaus. Ent. exp. & appl. 15 : 274-286.

KriNncaur, F., K. Nocker-WENzEL and W. KreN (1971) Einfluss einiger Wachskomponenten von
Vicia faba L. auf das Wirtswahlverhalten von Acyrthosiphon pisus (Harris) (Homoptera : Aphidi-
dae). Z. PfiKrankh. PfSchutz. 78 : 641-648.

KuwaATsukA, S. and Y. Osumma (1961) Studies on polyphenols of rice plant. Part I. Separation
and identification of phenolcarboxylic acids. J. Agr. Chem. Soc. Jap. 35 :67-71.

MiTtTLER, T. E. (1967a) Effect of amino acid and sugar concentrations on the food uptale of the
aphid Myzus persicae. Ent. exp. & appl. 10 : 39-51.

MirrTtLEr, T. E. (1967b) Gustation of dietary amino acids by the aphid Mpyzus persicae. Ent. exp.
& appl. 10 : 87-96. :

MitTLER, T. E. (1967c) Effect on aphid feeding of dietary methionine. Nature 214 : 386.

Mrrrier, T. E. and R. H. Dapp (1965) Difference in the probing responses of Myzus persicae
(Surzer) elicited by different feeding solutions behind a parafilm membrane. Ent. exp. & appl.
8: 107-122.

Moon, M. S. (1967) Phagostimulation of a monophagous aphid. Oikos 18 : 96-101.

Naurt, L. R. and G. G. Gyrisco (1966) Relation of the feeding process of the pea aphid to the
inoculation of pea enation mosaic virus. Adnn. ent. Soc. Am. 59 : 1185-1197.

Naurt, L. R. and W. E. Styer (1972) Effects of sinigrin on host selection by aphids. FEnt. exp. &
appl. 15 : 423-437.

PainTER, R. H. (1928) Notes on the injury to plant cells by chinch bug feeding. Ann. ent. Soc.
Am. 21 : 232-242.

Parrise, W. B. (1967) The origin, morphology, and innervation of aphid stylets (Homoptera).
Ann. ent. Soc. Am. 60 : 273-276.

ScuooNHOVEN, L. M. and I. DErksen-Koppers (1973) Effects of secondary plant substances on
drinking behaviour in some Heteroptera. Ent. exp. & appl. 16 : 141-145.

Smrth, B. D. (1966) Effect of the plant alkaloid sparteine on the distribution of the aphid Acyrtho-
siphon spartii (KocH.). Nature 212 : 213-214.

Socawa, K. (1970a) Studies on the feeding habits of the brown planthopper. I. Effects of nitro-
gen-deficiency of host plant on insect feading. Jap. J. appl. Ent. Zool. 14 : 101-106.

Socawa, K. (1970b) Studies on the feeding habits of the brown planthopper. II. Honeydew excre
tion. Jap. J. appl. Ent. Zool. 14 :134-139.

Soaawa, K. (1971) Studies on the salivary glands of rice plant leafhoppers. V. Formation of the
stylet sheath. Jap. J. appl. Ent. Zool. 15 :132-138.

Socawa, K. (1972) Studies on the feeding habits of the brown planthopper. III. Effects of amino
acids and other compounds on the sucking response. Jap. J. appl. Ent. Zool. 16 : 1-7.

So6cawa, K. (1973) Feeding behavior of the brown planthopper and brown planthopper resistance
of indica rice Mudgo. Bull. No. 4. Lab. Appl. Ent., Fac. Agr., Nagoya Univ. pp. 151.

WEeaRrinG, C. H. (1968) Responses of aphids to pressure applied to liquid diet behind parafilm
membrane. Longevity and larviposition of Myzus persicar (Surz.) and Brevicoryne brassicae (1..)
(homoptera : Aphididae) feeding on sucrose and sinigrin solutions. New Zeal. J. Sci. 11 : 105-121.

WEensLER, R. J. D. (1962) Mode of host selection by an aphid. Nature 195 : 830-831.

NII-Electronic Library Service





