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Abstract

Italy is the largest rice-producing country in the European Union. In Italy,

only japonica cultivars are listed in the Italian National Register. Almost

all of the rice production in Italy is concentrated in the Po Valley, where

the rice water weevil Lissorhoptrus oryzophilus Kuschel was first detected

and settled. This study investigated the performance of this pest in terms

of feeding, reproduction and plant injury on 10 rice cultivars chosen

among the most widely grown in Italy. No-choice experiments were con-

ducted to evaluate the plant susceptibility to larval attack and to find out

how cultivars can influence the adult leaf area consumption. The results

gave evidence of different types of attack depending on the density of the

insect (0.6 adults/plant vs. 0.9 adults/plant), the cultivar type and climatic

conditions. Different cultivars with the same level of infestation gave dif-

ferent results in terms of productivity. Production was significantly

affected by the larval presence in four of the 10 cultivars tested. A differ-

ent population structure reflected a different damage severity. Statistically

different values for total adult leaf area consumption were found accord-

ing to adult female age and to the cultivar.

Introduction

The rice water weevil (RWW) Lissorhoptrus oryzophilus

Kuschel (Coleoptera: Curculionoidea: Brachyceridae)

(sensu Bouchard et al. 2011) was detected for the first

time in Europe, specifically in Italy, in 2004 (Caldara

et al. 2004). Since then, the insect has rapidly spread

in northern Italy, where rice cultivation is most wide-

spread and the connected rice fields form corridors

that facilitate its expansion (Lupi et al. 2010; Wang

et al. 2011). Native to the United States (Webb 1914;

Tindall and Stout 2003), the RWW is considered as

one of the most destructive pests of this crop in all the

countries in which it is present.

The RWW is a polyphagous species. Its host prefer-

ences include many monocotyledonous and some

dicotyledonous species (Lupi et al. 2009a). Poaceae

and Cyperaceae are the preferred hosts, and the insect

can develop on both rice and many wild grasses

(Tindall and Stout 2003; Chen et al. 2005).

Rice water weevil larvae cause significant damage

to the rice crop. They initially feed within the rice

sheath, and then they migrate downward to feed on

and within the roots (Zou et al. 2004a). This causes

shearing of the roots, which leads to stunted plant

growth, delayed maturation and a loss in productivity.

Furthermore, the plant’s anchoring to the soil is

weakened to the extent that wind and water turbu-

lence may uproot it and leave it floating in the paddy

field (Wu and Wilson 1997). The adults cause mini-

mal economic damage; they feed on the leaves, scrap-

ing the epidermis and leaving longitudinal scars

parallel to leaf veins, but do not typically reduce the

yield of the plant. However, they are a good indicator

of subsequent larval infestation and damage (Way

and Wallace 1992).
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The RWW has separate sexes only in its area of ori-

gin in North America; in California, Asia, and Europe,

it is a parthenogenetic species (Saito et al. 2005; Lupi

et al. 2007a, 2010). The insect’s success in many dif-

ferent countries is attributed to its ability to undergo

an adult reproductive diapause in cold winters (Jiang

et al. 2004). Thus, it overwinters as an adult in or

near rice fields, and after emergence in the spring

begins feeding first on wild plants and then on rice.

After a small period necessary for the insect to regen-

erate its flight muscles and develop ovaries, it ovipos-

its in submerged rice leaves. Multiyear field ex-

perimental data have established that in Italy, the

RWW completes only one generation per year. A

combination of factors, such as photoperiod and tem-

perature, is not adequate to allow the development of

a second generation in northern Italy (Lupi et al.

2007b). Overwintered adults can be observed on veg-

etation from April until the end of June. Oviposition

generally begins in May, and larvae are found from

the end of May until July. Adults generally emerge in

late June–July and overwinter in the litter or in the

first few centimetres of the soil (Lupi et al. 2007a,

2009b, 2010).

Water is the prerequisite for oviposition. If the rice

is not submerged, the plant is not suitable. In fact,

according to many authors, delayed flooding nega-

tively influences and postpones the feeding and ovi-

position of the insect (Rice et al. 1999; Lupi et al.

2007a). Other factors contributing to the tolerance to

insect feeding are the rice cultivar and the plant age

(Smith and Robinson 1982; Stout et al. 2002). Vari-

ous studies have been done on indica cultivars in

North America to identify rice lines exhibiting toler-

ance or resistance to the RWW (Smith and Robinson

1982, 1984; N’Guessan and Quisenberry 1994;

N’Guessan et al. 1994a,b,c; Stout et al. 2001; Zou

et al. 2004b). Despite these considerable efforts, how-

ever, no rice lines possessing high levels of resistance

to the RWW have been identified, and very little pro-

gress has been made in integrating plant resistance

into management programs for this insect (Way 1990;

Stout et al. 2001).

In Italy, only japonica cultivars are used as the cli-

matic conditions are generally inadequate for authen-

tic indica ones. The cultivars include the traditional

Italian grain type (generally long and broad, with a

soft cooking grain) and the so-called indica type (long

and slender grain), which is actually another japonica

cultivar (Angelini et al. 2008). The former covers

nearly 70% of the rice cultivation area, whereas the

latter covers 30%. Studies conducted in Italy have

demonstrated that the rice cultivar cycle (long and

short periods) can influence the RWW attack. Long-

period cultivars with their early sowing were more

susceptible to attack by the insect because of the syn-

chronization of the plant and the insect cycle (Lupi

et al. 2008, 2009b).

As the susceptibilities of the various japonica culti-

vars have not been fully defined yet, the aim of this

study was to investigate the performance of the RWW

in terms of feeding and reproduction on some Italian

rice cultivars. Italy is the largest rice-producing coun-

try in the European Union, and almost all of its rice

production is concentrated in the Po Valley, where

the RWW has settled. Nearly 200 cultivars are listed

in the Italian National Register, but the most culti-

vated varieties number about 30. The notable differ-

ences among Italian cultivars are grain type and

productivity, which are very important to rice mar-

ketability. They have different quality characteristics

that include parameters such as the crude amount of

starch, proteins, fibres and lipids; the ratio between

the two starch components (amylose/amylopectin);

size, shape and uniformity; and other components

(Cirillo et al. 2009). Because the susceptibility of

plants to insects is the result of many other factors,

such as plant palatability, the growth of the plant and

root system as a function of genetic factors or agro-

nomic aspects, and the possible presence of antifee-

dants (Zou et al. 2004b; Stout et al. 2009; Hamm

et al. 2010; Cosme et al. 2011), a first screening on

some of the most widespread cultivars used in Italy is

necessary to evaluate susceptibility to feeding and

damage from RWW infestation.

Materials and Methods

Two different no-choice experiments were conducted

in 2008 and 2009. Experiment 1 was conducted inside

tanks positioned in open air at the Rice Research Cen-

tre at Castello d’Agogna in Pavia province (45°

14.88N; 8°41.97E) to evaluate the plant susceptibility

to larval attack. Experiment 2 was conducted inside a

rearing chamber in a laboratory to find out how culti-

vars can influence the adult leaf area consumption. In

this experiment, leaves from plants reared in open air

at the Faculty of Agriculture of Milan (45°28.53N; 9°

13.60E) were used.

Rice water weevil collection

To maximize the subject’s uniformity, parthenoge-

netic adults were manually collected from rice plants

in Bereguardo, Pavia province (45°15.26N; 9°01.27E),

on the same day. The weevils were maintained until
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use in petri dishes with a thin layer of water and rice

leaves. The time of collection depended on the experi-

ment and the year.

Experiment 1

Some days before the experiment, some females

were dissected to find the presence of chorionated

eggs stored in egg calyxes. After egg detection, the

necessary number of specimens was collected in the

field.

Experiment 2

In 2008, after the emergence of the RWWs from over-

wintering, observations were carried out on females

captured in the field just after the detection of chor-

ionated eggs stored in egg calyxes and on new emerg-

ing adults. In 2009, observations were carried out on

specimens at the beginning of their oviposition period

and on females at the end of their reproductive cycle

captured one month later.

After collection, the weevils were brought to the

laboratory of DeFENS (Faculty of Agriculture, Milan)

and preconditioned on rice leaves (Oryza sativa L. var.

sylvatica) in a climatic chamber with a 14L : 10D pho-

toperiod at 28°C.

No-choice tests

Experiment 1

Trials were carried out in 2008 and 2009. The test

tanks were made of plastic and had a base of

60 9 100 cm and a height of 52 cm. The tanks were

filled with medium-textured soil.

In the first and second years, 7 and 10 cultivars,

respectively, were tested (table 1). All seeds were

placed in petri dishes on moist filter paper and main-

tained in a clean room oven at 27°C for 3 days to

favour germination. After germination when the radi-

cal length was about 1–2 cm, 100 seeds/cultivar were

transferred into the tanks. The seedlings were placed

at each corner of an 8 9 5 cm grid and covered with

sterile sand. When the seedlings reached the 2–3 leaf

stage, the tanks were flooded. Water management

and fertilization were conducted similarly to water-

seeded rice fields.

Waterproof data loggers (Hobo® U22 Pro Water

Temp1 ) were used to record the temperature fluctua-

tions inside the flooded soil once every hour. The

daily maximum and minimum air temperatures,

humidity and precipitation were detected in both

years by a permanent weather station of the regional

meteorological system (ARPA) located at the Rice

Research Centre.

In 2008, eight tanks per cultivar were sown: four

were used as non-treated controls and the other four

to evaluate the effect of the RWW activity. In these,

60 adults/tank (=0.6 RWW/rice plant) were added at

the plant tillering stage. Tanks were arranged in a ran-

domized block design with four replications.

In 2009, 12 tanks per cultivar were sown: four were

used as controls, four to evaluate the effect of the

attack of 90 adults/tank (=0.9 RWW/rice plant) intro-

duced on the plants at the three-leaf stage (1st adult

introduction) and four to evaluate the effect of

90 adults/tank (=0.9 RWW/rice plant) introduced

2 weeks later at the plant tillering stage (2nd adult

introduction). After their introduction, the adults

were left in the tank until their death. Tanks were

arranged in a randomized block design with four rep-

lications.

To avoid RWW escape, undesired infestation, light

shading and, consequently, spindly plants, each tank

was covered with a 80-cm-high box-shaped cage with

a wood frame and draped with a fine mesh (17 g/m2).

After 40 days, all the box-shaped cages were removed

to allow plant growth, flowering and grain ripening.

To determine the larval density, samples from both

years were taken at 25 and 32 days after adult intro-

duction. Each time, four cores (1 plant/core) were col-

lected in each tank with a metal sampler (10 cm in

diameter and 10 cm deep). The samples were individ-

ually placed in a tub and soaked in water to force the

larvae to float to the surface. The larvae were then

counted, collected and preserved in 70% alcohol. To

detect the structure of the larval population in differ-

ent treatments, the larval head capsule was measured

in the laboratory according to the scale suggested by

Cave and Smith (1983). To relate the RWW develop-

ment to the year temperatures, the averaging method

was applied to calculate the number of degree days to

Table 1 Cultivars tested in 2008 and 2009

Cultivar

Days from

sowing to

maturity

Experiment 1 Experiment 2

2008 2009 2008 2009

Baldo 150 * *

Balilla 160 * * * *

Centauro 140 * * * *

Creso 145 * * * *

Gladio 135 * * * *

Libero 160 * * * *

Loto 130 * *

Nembo 135 * * * *

S. Andrea 150 * *

Volano 150 * * * *
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the RWW adults and larvae according to the following

formula (Herms 2004):

DD ¼
X

n

1

ðTmax þ TminÞ

2
� tr

� �

where DD, degree days; n, number of days of obser-

vation; Tmax, maximum daily temperature; Tmin,

minimum daily temperature; and tr, minimum tem-

perature threshold for insect development. The tem-

perature thresholds chosen were 18 and 10°C,

respectively, for the L. oryzophilus adult and larval

development, according to Zou et al. 2004c. As the

temperature prior to adult introduction in tanks can

influence their development and oviposition, DD

were calculated before (30 days) and after (25 days)

adult introduction in tanks. For pre-imaginal develop-

ment, DD sum was calculated from the day after adult

introduction in tanks to larval sampling (25 and

32 days).

The damage was evaluated on the following pro-

ductive parameters estimated after the harvest: pro-

duction (grain yield calculated for the whole plot and

expressed at 14% RH), milling yield, culm length

(measured from the soil surface to the neck node),

panicle length, number of culms/m2 (calculated for

the whole plot), dry matter (calculated for the whole

plot considering all the plants, excluding their roots),

the weight of 1.000 seeds and number of spikelets per

panicle.

Experiment 2

In 2008 and 2009, trials were carried out on the same

cultivars used in experiment 1. No-choice tests were

executed in climatic chambers; as according to the

previous tests, these conditions are favourable for

RWW trophic activity (Lupi et al. 2009a).

In both years, petri dishes were prepared with a

sheet of paper towel at the bottom. Adults were indi-

vidually placed in each petri dish. A piece of rice leaf

of about 5 cm in length was added to each petri plate

at the beginning of the trial. Water was added to cre-

ate a film, necessary for both insect survival and leaf

preservation. Leaves were removed after 24 h. Trials

were continued until 40 observations/cultivar were

obtained. The leaf pieces removed from the petri

dishes were prepared to measure the total daily area

consumption per adult according to the procedure of

Lupi and Jucker (2004). Daily food consumption was

calculated as the total area per day as the leaf thick-

ness was assumed to be the same for the different

leaves.

Leaves were obtained from the test tanks prepared

and positioned in open air at the Faculty of Agricul-

ture of Milan. The tanks were made of plastic, with a

base of 45 9 100 cm and a height of 49 cm. Each

tank was filled with medium-textured soil, cultivated

with one cultivar and covered with a 80-cm-high

box-shaped cage whose base fit the tank base to pre-

clude plant infestation by insects. Rice was seeded and

cultivated according to the procedure in experiment

1. Leaves were cut at the plant tillering stage. To

obtain leaves from plant at the same stage, the tanks

were seeded at different periods.

In 2008, trials were repeated on females that had

emerged from winter recovery, found on rice and cap-

tured in the field at the end of May (young ovipositing

females) and on just-emerged females captured in the

field at the beginning of July (newly emerged

females). In 2009, trials were performed on young

ovipositing females, as in 2008, and on females at the

end of their reproductive career (old females). Trophic

activity was evaluated in terms of the percentage of

specimens that fed in the period considered and of the

total daily leaf area consumption.

Statistical analysis

All statistical analyses were performed using the

PASW Statistics 18.0® 2software for Windows. Differ-

ences among trials in the 2 years and among treat-

ments in the same year were analysed using the

independent samples t test with replications. Differ-

ences among cultivars were analysed by general linear

model univariate analysis of variance with replica-

tions and means separated by the Duncan multiple

rate test (P < 0.05). The correlation between loss of

production and adult leaf feeding was analysed with

the Spearman rank order correlation coefficient rs
(P < 0.05).

Results

Experiment 1

The mean density of larvae per core across all the cul-

tivars in the tests was significantly different in the

2 years (2008 vs. 2009, t = 26.07, significantly differ-

ent at P < 0.001). The mean density was 0.30 ± 0.04

larvae/core (n = 224 cores) in 2008 and 4.09 ± 0.13

larvae/core (n = 640 cores) in 2009. The analysis of

the RWW population age structure allowed the detec-

tion of differences in the 2 years: 25 days after adult

introduction in 2008, 66% of the samples were

equally divided between the first and second ages,

and only 10% was in the 4th instar, whereas in 2009

(1st introduction), 73% was already in the 4th instar
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(fig. 1). A comparison of the climatic data showed

that 2008 was significantly more rainy than 2009

(fig. 2), with mean air temperatures significantly

lower in the period before adult introduction into the

tanks (fig. 3). The water temperature detected from

the introduction of the ovipositing females until the

emergence of the new adults had a mean value of

24.04 ± 3.11°C and a range from 16.82 to 31.56°C in

2008, compared with a mean value of 26.44 ± 1.33°C

and a range from 23.64 to 28.96°C in 2009. In addi-

tion, the adult degree-day accumulation differed in

the 2 years, with an accumulation of 30.6 DD in 2008

and 92 DD in 2009 prior to adult introduction. In the

period after adult introduction, the temperature fluc-

tuation also differed in the 2 years. The adult degree-

day accumulation was 115.5 DD in 2008 and 91.6 DD

in 2009. The larval degree-day accumulation in the

first year was 384.4 DD and 483 DD after 25 and

32 days from adult introduction, respectively. The lar-

val degree-day accumulation in the second year was

equal in the two treatments, with an accumulation of

388.2 DD and 500.3 DD after 25 and 32 days from the

1st adult introduction, respectively, and of 420.5 DD

and 534.4 after 25 and 32 days in the larvae from the

2nd adult introduction, respectively.

The trials in 2008 showed no statistical differences

in the larval presence among cultivars (I sampling:

F = 1.015, d.f. = 6, P = 0.417; II sampling: F = 0.739,

d.f. = 9, P = 3.619). No statistical differences were

found between non-infested and the infested plants

in terms of productive parameters. No cultivar
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showed evidence of alteration of productive parame-

ters caused by RWW larval load (table 2).

In 2009, the mean density was significantly differ-

ent between the treatments (1st vs. 2nd adult intro-

duction, t = 8.36, significantly different at P < 0.001).

In the 1st adult introduction, the mean density

was 5.16 ± 0.19 larvae/core (n = 320), while in the

2nd adult introduction, it was 3.02 ± 0.17 larvae/

core (n = 320) (table 3). The distribution of instars

was similar in the two treatments.

Over all cultivars, production was significantly

affected by the larval presence in 2009 (1st adult

introduction: F = 6.597, d.f. = 9, P <0.001; 2nd adult

introduction: F = 3.402, d.f. = 9, P < 0.01) (table 2)

in four of the 10 cultivars tested (fig. 4). Major larval

load was associated with all these four cultivar in 1st

adult introduction and with only three in 2nd adult

introduction (table 3). Other parameters, such as

grain size and weight, and plant structure (number of

culms per plant, etc.), were not influenced by larval

presence.

Experiment 2

Because of some problems in the germination of the

cultivars Balilla and Creso in the first trial in 2008, it

was not possible to synchronize the presence of

females and tillering plants for all the cultivars. This

trial was therefore performed only on the other five

cultivars. A second trial had all seven cultivars.

The trials in 2008 and 2009 allowed detection of dif-

ferences among cultivars and treatments for the per-

centage of adults that fed and the leaf area consumed.

In 2008, a lower percentage of young ovipositing

females compared with newly emerged ones fed on

leaves (fig. 5). In the same year, the analysis of vari-

ance of the total area consumption for young oviposit-

ing females did not show significant differences

(F = 1.953, d.f. = 4, P = 0.106). The same analysis on

the newly emerging females yielded significant differ-

ences (F = 3.351, d.f. = 6, P < 0.01). Table 4 shows

the differences among the cultivars according to the

treatment. Statistically different values for total leaf

area consumption (F = 3.676, d.f. = 9, P < 0.001)

were found between young ovipositing females and

newly emerged ones. Newly emerged females con-

sumed more leaf area than young ovipositing females.

In 2009, a higher percentage of younger females fed

than in the older females (fig. 6), except for the culti-

vars Balilla and Volano. Also, total area consumption

by young was significantly different among cultivars

(F = 10.713, d.f. = 9, P < 0.001), but was not for old

females (F = 1.087, d.f. = 9, P = 0.386) (table 4). Sta-

tistically different values for total leaf area consump-

tion (F = 6.751, d.f. = 18, P < 0.001) were found

between young and old females. Young females con-

sumed more leaf area than old females.

The Spearman rank order correlation coefficient did

not indicate a statistically significant linear relation-

ship between loss of production and adult leaf feeding

[rs (20) = 0.645, P > 0.05].

Discussion

The results of experiment 1 indicate that it is not only

the adult density that is important in determining

damage but also the population structure and its syn-

chronization with plant. Developmental stage is a crit-

ical determinant of the ability of most arthropods

to cause damage. A different population structure

can be reflected in a different damage severity. In

experiment 1, conducted in the first year, the lower

air temperature before adult introduction probably

delayed oviposition; in fact, more than half of the

Table 2 Mean ± SE of rice cultivar production (expressed in t/ha) in different treatments in 2008 and 2009 and ANOVA results

Production 2008 (t/ha) Production 2009 (t/ha)

1st adult introduction Not infested 1st adult introduction 2nd adult introduction Not infested

Baldo – – 9.09 ± 0.54b 9.74 ± 0.56ab 10.99 ± 1.01a

Balilla 9.52 ± 0.55a 9.86 ± 0.68a 10.05 ± 0.59a 9.69 ± 0.88a 11.6 ± 0.57a

Centauro 10.27 ± 1.25a 9.88 ± 1.03a 10.08 ± 0.77a 9.68 ± 0.63a 10.65 ± 0.62a

Creso 7.74 ± 0.88a 7.63 ± 0.56a 7.65 ± 0.85a 8.22 ± 0.68a 10.03 ± 0.69a

Gladio 6.81 ± 0.24a 6.70 ± 0.67a 6.16 ± 0.67b 7.54 ± 0.73a 7.99 ± 0.65a

Libero 8.32 ± 0.78a 8.05 ± 1.46a 8.54 ± 0.72a 7.95 ± 0.81a 8.98 ± 0.76a

Loto – – 7.32 ± 0.64a 7.58 ± 0.76a 9.55 ± 0.65a

Nembo 7.36 ± 0.44a 6.80 ± 0.61a 7.14 ± 0.59ab 6.55 ± 0.77b 8.53 ± 0.65a

S. Andrea – – 12.46 ± 0.87a 11.74 ± 0.78a 13.16 ± 0.74a

Volano 9.71 ± 0.77a 9.00 ± 1.09a 8.82 ± 0.97b 9.08 ± 0.67b 11.63 ± 0.89a

Means followed by different letters in the same column are significantly different at P < 0.05 by one-way ANOVA and Duncan multiple rate test.
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larva specimens were still first and second instars

25 days after adult introduction, suggesting that ovi-

position was delayed. In the second year, the mean

density was augmented to 0.9 adults/plant, and

higher mean temperatures probably accelerated ovi-

position, with nearly all of the larvae occurring in

the 3rd and 4th instars after 25 days. This means that

the females oviposited just after introduction into the

tanks. A second explanation can be furnished consid-

ering the relation between RWW and the root system.T
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In 2008, the primary cool period before the introduc-

tion of the adults into field plots and the high precipi-

tation during this time with cloudy conditions could

have reduced root growth (Varade et al. 1971; Kato-

Noguchi 2007). The lack of early-season root growth

could have caused the survival of the RWW that

hatched out of the eggs to be poor as many larvae

could not find a source of food. This would have been

most evident with the eggs that hatch first since at

that time the roots would have been smallest. By the

time the larvae occurred from the later hatching eggs,

root tissue could develop and survival would have

been higher. That could account for the shift in the

population to 1st and 2nd instars. Root system devel-

opment just after adult introduction was not investi-

gated; 25 days later, cores did not show evident root

reduction probably because the higher temperature in

the following period can have stimulate root system

growing. In 2009, 4.09 ± 0.13 larvae/core were pres-

ent on plants infested at the three-leaf stage and

resulted in considerable damage in some cultivars. In

contrast, 0.30 ± 0.04 larvae/core were present on

plants infested at the tillering stage and very little if

any damage occurred. This resulted in major damage

in some cultivars. There is a strict relationship

between insect attack, weather, cultivar, plant and

insect phenology. All of them play an important role

and hence need to be evaluated to estimate damage.

In addition, we must add that the root systems

develop differently depending on the cultivar and soil

moisture (Yoshida and Hasegawa 1982). Little infor-

mation is available on the root system of rice Italian

cultivars; therefore, the relationship between the

insect and the root system needs to be investigated.

Our trials were performed on flooded rice, which

develops greater aerenchyma formation in compari-

son with dry-seeded rice. The roots of water-seeded

rice are more suitable for RWW larval development

because they have a bigger diameter in comparison

with dry-seeded rice flooded after 30–40 days, which

develops longer and finer structures with more

adventitious roots (Gowda et al. 2011). This consider-

ation is very important because in Italy, rice is water-

seeded in about 70% of the rice-growing areas, with

short dry periods that only allow cultural operations

such as herbicide application.

Experiment 2 allowed evaluating the plant suscep-

tibility to adult feeding. It was possible to estimate that

the leaf area consumed by one RWW alone can vary

as a function of the adult’s age. This is noteworthy

Table 4 Mean ± SE of daily adult leaf consumption (expressed as mm2 of leaf) and ANOVA results

2008 2009

Young ovipositing females New emerging females Young ovipositing females Old females

Baldo – – 9.43 ± 1.01ab 11.32 ± 2.47a

Balilla – 24.47 ± 1.81c 10.65 ± 1.83abc 9.24 ± 3.16a

Centauro 19.23 ± 3.03b 18.68 ± 1.51ab 12.22 ± 1.29bc 6.67 ± 0.10a

Creso – 16.84 ± 1.56a 11.52 ± 1.13abc 6.62 ± 0.01a

Gladio 18.66 ± 2.12b 23.00 ± 1.46bc 6.89 ± 1.19a 14.01 ± 3.68a

Libero 16.80 ± 1.90ab 25.52 ± 1.87c 22.18 ± 1.38e 9.80 ± 1.47a

Loto – – 17.65 ± 1.20d 12.65 ± 2.10a

Nembo 15.27 ± 1.72ab 18.82 ± 1.99ab 9.30 ± 1.43ab 10.65 ± 1.40a

S. Andrea – – 14.72 ± 2.10cd 7.31 ± 1.13a

Volano 11.08 ± 1.95a 21.03 ± 2.30abc 14.16 ± 1.98bcd 8.53 ± 1.23a

Means followed by different letters in the same column are significantly different at P < 0.05 by one-way ANOVA and Duncan multiple rate test.
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because insects can consume different amounts of

food at different periods of their life cycle. A specimen

that has just emerged needs to prepare for overwin-

tering. This reflects a major insect activity and has a

major influence on the leaf area consumed. Similarly

behaves a female that has emerged from overwinter-

ing sites and is at the beginning of its ovipositing per-

iod. A female at the end of its ovipositing career needs

less food than a younger one. In addition, we found

that some unknown factors influenced feeding by

adults on cultivars and patterns susceptibility. Nembo,

for example, is always less favoured for RWW feeding,

while Creso and Libero are in the medium–low and

medium–high consumption groups, respectively.

Inconsistent results were detected in association with

Gladio and Volano because they are sometimes

among the most-appreciated cultivars and sometimes

among the less-appreciated ones. Studies are required

to verify whether the palatability in the laboratory is

related to susceptibility in the field.

Both experiments show that the japonica rice culti-

vars commonly grown in Italy differ substantially in

their susceptibility to infestation by RWW in terms of

adult leaf area consumption and tolerance to larval

infestation and feeding, expressed in terms of loss of

production. This study only indicates a difference in

tolerance; we maintain that none of the cultivars pos-

sess a real resistance to the weevil. Painter (1951)

defined tolerance as the mechanism whereby the host

plant can grow and reproduce normally or compen-

sate for injury while supporting an insect pest popula-

tion that severely damages a susceptible host.

Therefore, host plant tolerance is a valuable compo-

nent in the management of the RWW. However, as

these experiments were executed in trials in tanks

and in climatic chambers in laboratory, further study

is required to verify whether the RWW behaviour is

the same in the field.
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Lupi D, Baumgärtner J, Cola G, Mariani L, 2007b. Studi

preliminari per la rappresentazione della fenologia della

specie invasiva Lissorhoptrus oryzophilus Kuschel (Coleop-

tera: Erirhinidae). Proceedings XXI Congresso Nazionale

Italiano di Entomologia, Campobasso, Italy 11–16 June

2007, 200.

Lupi D, Cenghialta C, Giudici ML, Villa B, Tabacchi M,

2008. Prime acquisizioni sulla biologia e sul contenimento

di Lissorhoptrus oryzophilus (punteruolo acquatico del riso)

in Lombardia. Atti Giornate Fitopatologiche 1, 245–246.

Lupi D, Cenghialta C, Colombo M, 2009a. Adult feeding

by the rice water weevil Lissorhoptrus oryzophilus on

different host plants. Bull. Insectology 62, 229–236.

Lupi D, Cenghialta C, Giudici ML, Villa B, Colombo M,
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