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Abstract
Overwintered adults  ofthe  rice  water  weevil,  Lissorhoptnis orp?zqphilus  Kuschel, were  used  to examine  the impacts of

nitrogen  (N) fertilization on  their feeding, oviposition  and  survival.  Rice plants (cultivar Shanyou 63) were  fertilized
with  urea  at  20 days after  sowing  at rates  O, 30, 60, 90, and  120 kgNlha, respectively, Plants were  initially used  the day
after  fertilization to determine adult  performance, and  used  at 3, 9 and  I6 days after transplantation (23, 29 and  36
days old, respectively)  to test adult  feeding and  oviposition  preference. Feeding, oviposition  period, fecundity and  sur-

vival duration increased significantly as fertilization increased from 30 to 60kgNfha, and  from 60  to 90kgNfha  (ex-
cept  fbr fecundity), while  they no  longer increased significantly as fertilization increased further to 120 kgNlha. When
provided with  29-d-old plants, adults  preferred to tteed  on  the plants fertilized at  60  kgNlha  rather  than  on  those  fertil-
ized at  higher levels, while  fbr 36-d-old plants, the  results  were  strikingly  reversed.  On 23-d-old plants, adults  pre-
ferred to deposit eggs  on  those fertilized at  60  kgNfha; on  29- and  36-d-old plants, however, plants fertilized at  90 and
120 kgNfha  were  significantly  more  preferred fbr oviposition.
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INTRODUCTION

  The  rice  water  weevil,  Lissorhoptrus or:yzophilus
Kuschel, has spread  to at least ten provinces in
China since  it was  first discovered in 1988  (Shang
et al., 1998). Only parthenogenetic females occur
in this country  (Sun and  Mao, 1996). In Zhejiang,
the weevil  has currently  become one  of  the impor-
tant insect pests of  rice  (Lin and  Zhao, 1998). T]wo

generations generally occur  per year in this area

but only  the first one,  which  attacks  rice in the first
cropping  season  (late-April to late-July), is eco-
nomically  important (Zhai et al., 1997, 1999),
Adult weevils  overwinter  in diapause at the base of
many  perennial grasses on  local hills, levees, field
margins,  and  other  uncultivated  areas  (Zhai, 1996).
In late spring,  as mean  daily temperature  rises  to

about  15eC adults  begin to feed on  grasses in over-
wintering  sites, and  after  flight muscles  develop
they  gradually move  to seedling  beds and  trans-

planted paddies (2nd halfApril to mid-May)  (Zhai,
1996; Lin et al., 1997), Adults feed on  rice  leaves
leaving longitudinal scars,  and  Iay eggs  in tissues

of  leaf sheaths under  water;  larvae feed on  rice

roots,  resuiting  in weakened  plant growth and  sub-

sequent  yield loss.

  Because nitrogen  levels in plant tissues are

generally a limiting resource  for herbivores, in-
creased  nitrogen  is often  accompanied  by enhanced

growth, survival  and  fecundity ofphytophagous  in-
sects  (McNeill and  Southwooq 1978). Increased
occurrence  and  damage due to elevated  nitrogen

fertilization have been widely  reported  for major

rice  insect pests, especially  rice  stem  borers and

leaffblders (Ho and  Kibuka, 1983; Rekhi et al.,

1985; Thakur and  Mishra, 1989; Dhandapani et al.,

1990; Samalo et al., 1990; Sudhakar et al,, 1993;
Chander, 1999). These studies  demonstrated the

great potential for reducing  these pests by optimiz-
ing nitrogen  fertilization. For the rice water  weevil,

however, little is known  in this area.
  In most  areas  of  China where  the rice water  wee-

yil occurs,  applications  of  synthetic-organic  insec-
ticide are  presently the only  effective  method  prac-
tically used  for its control.  In Zhejiang, chemical
insecticides are  sprayed  normally  between the
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emergence  of  seedlings  and  1 week  after  transplan-

tation with  aims  at reducing  the nurnbers  of  adults

(Lin and  Zhao, 1998), This, however, should  be

avoided  because using  chemical  insecticides at

early  stages  ofrice  growth would  probably disrupt
natural  enemies  and  subsequently  induce serious

outbreaks  of  other  insect pests at later stages  (Holt
et al,, 1992; Baneijee, 1996; Settle et al., 1996;

Zhu, 1999), Therefore, other  control  tactics includ-

ing cultural  approaches  are to be developed for the

weevil  to reduce  insecticide uses  at early  rice

stages.

  The objectives  of  this study  were  to determine
the relationships  between adult  feeding and  ovipo-

sition  of  L. or:yzophilus  and  the level of  nitrogen

fertilization to rice plants, and  to evaluate the po-
tential for reducing  nitrogen  fertilizer use  as  a con-

trol appreach  for this pest.

MMERIALS  AND  METHODS

  PIants and  fertilization treatments.  Shanyou

63, a  widely  grown rice cultivar  in China, was  used

in the experiments,  Seeds were  sown  in early  April

in a screenhouse,  and  covered  by a  transparent

plastic film to facilitate plant growth, At 8 days
after  sowing  (2-leaf stage),  urea  (CO(NH2)2,
46,7% N) was  applied  at a  rate  30kgNfha. IXventy-

d-old seedlings  with  nearly identical plant height

were  transplanted in lines into cement  plots in the

screenhouse,  with  fbur plants per hill; a  distance of

l5cm  was  kept between lines and  15cm  between
hills within  lines, Plants were  then treated with

urea  at five levels (treatments): O, 30, 60, 90 and
120kgNfha, respectively,  All of  the clods  used  fbr
seedling  production and  transplantation were  col-

lected from a  rice  field at Huajiachi campus,  Zhe-

jiang University.

  Insects. T]wo groups of  overwintered  L. ot:y-

zqphilus  adults were  collected  from Yineqing,
Zhejiang, The  first group was  collected  from over-

wintering  sites in late-March, when  their spring

feeding had initiated slightly. These weevils  were

stored  in plastic cups  containing  soils with  mois-

tened  withered  grass leaves covering  the surface,.

and  kept beside a window  of  the laboratory until

used,  The second  group was  collected  in late-April

from a grass Iinpevata cytinch'ica (L.) Beauv. var,
mojor  (Nees) C. E. Hubb. on  a  hill near  rice  pad-
dies; ovarian  dissection indicated that 279i6 ofthese

adults  were  at the previtellogenic stage while  the

others  had not  initiated reproductive  development.

L cylindrica var, mojor  has been known  as one  of

the irnportant host plants fbr overwintered  adults

befbre they  infest rice (Jiang and  Cheng, 2003).

  Feeding  and  oviposition  performance experi-
ment.  The  day after  fertilization treatment, plants
were  initially used  to rear  the second  group of

adults  as  described above.  [I"wo plants and  one  wee-

vil were  placed in each  of  115 glass tubes (2,6 cm
in diameter, 20 cm  in length), with  23 replicates  for
each  treatment (but only  those adults  ovipositing

}t8  days would  be subjected  to data analysis),

TUbes were  covered  with  a plastic screen  and  kept

in the insectary at 26± 10C with  a photoperiod of

16]8 (L:D) h. Thereafter, plants were  replaced  at 3-

day intervals until  adults  died; the length of  the

feeding-scar on  old  plants was  measured  with  a

ruler, and  eggs  in leaf sheaths  were  counted  under

a binocular microscope,  For each  replicate  adult,

the cumulative  length of  the feeding-scar through-

out  its life, the number  ofdays  to first oviposition,

days of  oviposition  and  survival,  as  well  as  fecun-

dity, were  determined,

  During the rearing,  about  three fourths of  leaf

sheaths  in length were  submerged  in water  for

oviposition, Afier plants reached  37 days ola  only

one  plant was  used  in each  replicate,

  Feeding and  oviposition  preference experi-

ment.  The preference tests were  conducted  at 3, 9
and  16 days after  fertilization treatment, when  the

plants were  23, 29 and  36 days ola  respectively.

The adults  collected  in late-March (the first group)
were  used.  Befbre being subjected  to the tests,

adults  were  reared  with  rice  seedlings  (15-20 days
old)  in the laboratory at 26 ± 10C fbr 3 weeks,

when  they were  at the peak-ovipositing stage,  as

indicated by ovarian  dissection and  oviposition  ex-

amination,  There  were  three replicates  fbr each  of

the three plant ages  tested.

  In each  test, 10 plants in each  treatment were

randomly  selected  and  were  transplanted to a  plas-
tic basin (75 cm  in diameter, 21 cm  in height) cen-

taining ca.10-cm  depth of  clods,  with  five hills

(spaced at 10-cm each  other)  and  two  plants per
hill fbr each  treatment. The transplanted plants
were  arranged  in a completely  randomized  block

design. After that, plants were  covered  with  a

cylindrical  transparent plastic cage  (65 cm  in diam-

eter, 60 cm  in height) whose  top  was  replaced  with
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a  fine mesh  fbr releasing  adults,  The plants were
left overnight  in the insectary at 26± 10C with  a

photoperiod 16:8 (L:D) h, and  then 25 adults

were  released  to the plants. [[Wenty-fbur hours after
infestation, the cage  was  removed  and  the length
of  feeding-scars and  numbers  of  eggs  on  each  hill
ofplants  were  determined.

  Data analysis.  The data for feeding, oviposition
and  survival  were  subjected  to a one-way  analysis

of  variance,  and  treatment means  were  separated

by 
rlbkey

 test atp=O.05  (SPSS Inc., 1999).

RESUIIIiS

Feeding and  oviposition  performance  experi-

ment

  Nitrogen treatments to rice  plants were  fbund to
have a  significant  effect  on  the feeding amount  of

L. o,Iyzqphitus  adults  ([lable 1). Feeding increased

Table 1. Effects oflevel  ofnitrogen  fertilization on  feeding
amount,  days to first ovipesition,  ovipositional  perioa  fecun-
  dity and  survival  peried of overwintercd  L. ot:vzophilus

   adults  reared  on  treated rice  plants ( 1 -way ANOVA)

gradually, as  expectect  when  the fertilization in-
creased  from O to 90 kgNlha, and  reached  a  plateau
at 90 and  120 kgNfha (Fig, 1).

  Nitrogen fertilization level had no  significant  efi

fect on  the number  of  days to first oviposition

(Table 1, Fig. 2A), but had significant  effects  on

the oviposition  period and  fecundity (Table 1). The
oviposition  period increased significantly as fertil-
ization increased from 30 to 60kgNlha  and  from
60 to 90kgNlha  (p<O.05), while  it changed  little
as the fertilization increased further to 120kgNlha

(Fig. 2B), The  fecundity displayed a similar  pattern
to the oviposition  period as  the fertilization in-

8'gg;et

¢
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Ovipositiona] period
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 Fig. 1. Mean ± SE  length of  feeding scars  consumed  by
overwintered  adults  of  rice  water  weevil  throughout  their life
on  leaves ofrice  plants treated  with  different levels ofnitrogen
fertilizer. Bars  with  the same  tetter do not  differ significantly

(p<O.05; Tlikey test). Plants were  fertilized at 20 days after
sowing  and  initialty used  the  next  day.

o30  60  90  ]20

   e 3o  6o  go  [2o

Nitrogen fertihzation leveL (kgNnia)

 Fig. 2, Mean ±SE  number  ofdays  to first oviposition  (A),
oviposition  peried (B) and  fecundity (C) of  overwintered

adults  ofriee  water  weevil  on  rice  plants treated with  different
tevels of  nitrogen  fertilizen Bars with  the same  ]etter do not

differ significantly  (p<O.05; Tukey test), At the beginning of
rearing,  27%  of  adults  were  at the previtellogenie stage  and

the others  had not  initiated reproductive  development.
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 Fig. 3. Mean ± SE survival days of  overwintered  aduits  of

rice  water  weevi1  on  rice  plants treated with  different levels of

nitrogen  fertilizer. Bars with  the same  letter do not  difTer sig-

nificantly  (p<O,05: Tukey test).

creased  (Fig. 2C), except  that the increase in fecun-
dity was  statistically not  significant  as fertilization

increased from 60 to 90 kgN/ha (p>O.05),
  The fertilization had a  significant  effect on  the

survival  period (Table 1). In the range  30-

90 kgNfha, the higher the fertilization dose, the sig-
nificantly  longer the adults  lived (Fig. 3), The  sur-

vival  period was  lengthened further as  fenilization

increased frorn 90 to 120kgNfha, but the difTer-

ence  was  not  statistically significant.
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 Fig. 4, Mean ±SE  length of  feeding scars  consumed  (A)
and  number  of  eggs  laid (B) by overwintered  adults of  rice

water  weevil  during a  24-h rearing  on  rice  plants treated  with

different levels of  nitrogen  fertilizer and  23, 29 and  36 days

olq  respectively,  Adults were  at peak-ovipesiting stage  before

initiationoftheexperiments.

Feeding  and  oyiposition  preference experiment

  Overall, the length of  the feeding scar  was  sig-

nificantly  affected  by fertilization at each  of  the

three plant ages  (for 23-, 29- and  36-d-old plants,
F=9.26;  df=4, 14; p=O.O02,  F=42.93; df=4, 14;

p<O.OOI,  and  F=86.01;  df=4, 14; p<O.OOI,  re-

spectively).  When  23-d-old plants were  provided
more  feeding occurred  on  those fertilized at

120kgNfha, but the difference with  the treatments

60 and  90 kgNfha was  not  significant  (p>O.05), For

29-d-old plants, significantly  more  preference was

showed  fbr the plants fertilized at 60 kgNfha  than

for those at 90 and  120kgNfha  (p<O,05), however,

the results  were  strikingly  reversed  on  the  36-d-old

plants (Fig. 4A).

  The oviposition  preference was  significantly  afL

fected by fertilization at each  of  the three plant
ages  (fbr 23-, 29- and  36-d-old plants, F=21.55;

df=4, 14; p<O,OOI,  F=5.76;  df=4, 14; p=O.Oll,
and  F=  8,58; df=4, 14; p==O.O03, respectively).

When  23-d-old  plants were  used  the preference
was  significantly  greatly fbr plants fertilized at

60kgNfha  than fbr those fertilized at the other

levels (p<O.05), While for the 29- and  36-d-old

plants, those fertilized at 90 and  120kgNlha were

significantly  more  favored fbr oviposition  ip<O.05)
(Fig, 4B).

DISCUSSION

  Nitrogen fertilization can  enhance  plant quality
for most  insects by increasing nitrogen  levels in

plant tissues (McNeill and  Southwood 1978), In
the present study,  the increased fecundity as well  as

enhanced  feeding and  oviposition  preference in L.

orlyzophilus  with  increasing nitrogen  fertilization
were  probably attributed  to this nutritional factor.

Reduced  fecundity due to decreased foliar nitrogen

of  hosts has been reported  in other  leaffeeding

weevils.  Maier (1983) found that egg  laying by the

two-banded  Japanese weevil,  Callirhopalus bijZis-

ciatus,  decreased as  foliar nitrogen  reduced.  Hes-

jedal (1984) also  fbund that fecundity of  the vine

weevil,  Otioritynchus sulcatus,  was  significantly

reduced  when  the foliar nitrogen  content  of
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strawberry  cultivar  Senga Sengana decreased from
2.2%  to 2.0%  of  dry leaf matter.

  Interestingly, as provided with  29-d-old plants,
L. or:Fzqphilus  adults  preferred to feed on  the

plants fertilized at 60kgN/ha  than on  those fertil-
ized at higher levels (Fig. 4A). This suggests  that,

apart  from nitrogen  content,  other  physical or  bio-
chemical  factors of  plants may  have been used  by
the weevil  to decide whether  or  not  to feed on  a

plant. In other weevils  whose  adults  feed on  host
leaves, feeding selection  has been shown  to be neg-
atively  correlated  with  density of  pubescences on

plant leaves (Otiorlrynchus sulcatus)  (Doss et al.,

1991) and  leaf toughness  (C. bijZisciatus) (Maier,
1983), and  is possibly afTected  by leaf volatiles  (O.
sulcatus)  (Van Tbl and  Visser, 2002). Fer the rice

water  weevil,  however, little is known  about  the as-
sociated  factors as  well  as  their correlation  with  ni-

trogen fertilization.

  Besides the factors described above,  the biomass
of  rice  plants, including the number  of  tillers,

length of  leaflblades and  width  of  leaflsheath, may

also  affect  L. oiyzophilus  feeding andfor  oviposi-

tion preference. In the present study,  it was  possi-
ble that the greater adult  feeding and  oviposition

preference for the 36-d-old plants fertilized at 90
and  120kgN/ha  (Fig. 4A)  partially resulted  from
increased plant biomass as  compared  with  the situ-

ation  at lower fertilization levels, As to underlying

mechanisms,  firstlM increased plant tillers due to

elevated  fertilization might  have increased the

probability ofadults  finding these plants. Secondly,
longer leafblades and  wider  leaflsheaths provided
more  space  for the adult  feeding and  oviposition,

respectively,  and  might  reduce  the intraspecific
competition  associated  with  these two  and  other

adultbehaviors.

  Nitrogen fertilization is one  of  the most  impor-
tant cultural  practices for rice. The present study
shows  that feeding amount,  fecundity, as  well  as

feeding and  oviposition  preference of  L. otly-

iophilus  adults  reached  nearly  the maximum  level
as fertilization increased to 90 kgNfha (Fig. 1, Fig.
2C, Fig. 4). Therefbre, such  fertilizations at the
rates  )90kgNfha  should  be avoided  because they
may  increase the weevil  population and  subse-

quently increase insecticide uses  within  1 week

after  transplantation, which,  in turn, would  disrupt
natural  enemies,

  However, in some  major  rice-growing  areas

of  China, such  as Zhejiang, Jiangsu and  Hunan
provinces, nitrogen  fertilizers are traditionally

highly used  (}ilOOkgNfha) as  basal fertilizers
within  7 days after  transplantation, accounting  fbr
55-85%  of  the total used  during the whole  season

(Peng et al., 2002; Zhang  and  Wang, 2002). A  re-

duction in nitrogen  fertilization by 30%  at an  early

stage  of  rice growth has been suggested  which

would  not  decrease rice yield significantly  (Peng et
ai., 2002). Therefore, in China, there is a great po-
tential fbr reducing  nitrogen  fertilization as a  cul-

tural approach  for L. oryzophilus  control.

  Lastly, when  considering  nitrogen  management

as  a  control  approach  fbr L. oi:yzophilus,  other  fac-
tors, such  as  planting date of  rice  and  water  man-

agement,  should  be taken into consideration.  Be-
cause  planting date can  determine the sensitive

stages  of  rice  whether  being encountered  by the
weevil  or  not,  it would  potentially affect  the actual
eMcacy  of  nitrogen  management.  Water manage-
ment  can  not  only  afTect  absorption  patterns of  ni-

trogen by plants, but can  also  affect  adult  infesta-
tion pattern, larval developmental rate  and  popula-
tion dynamics of  this weevil.  Based upon  these re-

lationships, both plant date and  water  management

have been regarded  as potential control  tactics of

the weevil  in the United States (Morgan et al.,

1989; Hesler et al., 1992; Quisenberry et al., 1992;
Thompson  et al,, 1994a,b; Rice et al,, 1999). This
indicates the opportunity  of  integrating nitrogen

management  with  other  cultural  practices to estab-

lish a  cultural  control  system  ofthis  pest,
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