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A

 

BSTRACT

 

Survival of Diaprepes root weevil 

 

Diaprepes abbreviatus

 

 (L.) (Coleoptera: Curculionidae)
larvae was assessed in flooded marl soil and a flooded nursery potting medium with green
buttonwood (

 

Conocarpus erectus 

 

L

 

., 

 

Combretaceae) as a food source for the larvae. Root-zone
flooding may be a viable control option for flood-tolerant ornamental plants including but-
tonwood. Significantly more larvae survived after 38 d in non-flooded than in flooded marl
soil. Similarly, more larvae survived in non-flooded than in flooded potting medium; no lar-
vae were recovered from flooded potting medium. Larval survival rates were significantly
higher in flooded marl soil than in flooded potting medium, but there was no difference in
survival between non-flooded marl soil and non-flooded potting medium. Larvae recovered
from flooded marl soil had significantly smaller head capsule widths and probably were at
least 1 instar younger than larvae recovered from non-flooded marl soil or non-flooded pot-
ting medium. In summary, flooding marl soil or potting medium reduced survival, and in
marl soil flooding slows the growth of 

 

D. abbreviatus

 

 larvae.
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R

 

ESUMEN

 

Las supervivencias de larvas del picudo de las raiz, 

 

Diaprepes abbreviatus

 

 (L.) (Coleoptera:
Curculionidae) fueron investigado en suelo de marl inundado o en medio de tiesto inundado
y usado por criaderos con buttonwood verde (

 

Conocarpus erectus

 

 L., Combretaceae) como
fuente de comida para larvas. Inundando los raiz puede ser un opción de control en plantas
ornamentales y tolerente de inundación incluyendo buttonwood. En suelo marl, significati-
vamente menos larvas sobreviviron después de 38 dias en condiciónes inundados compara-
dos a no inundados. Semejantemente, mas larvas sobreviviron en medio de tiesto no
inundado comparado al medio de tiesto inundado, desde que no larvas fueron recuperadas.
Tasas de supervivencias para larvas fueron significativamente mas alta en el suelo de marl
inundado comparado al medio de tiesto inundado, pero no fueron diferencias en superviven-
cia entre suelo marl no inundado y medio de tiesto no inundado. Larvas recuperadas de suelo
marl inundado fueron significativamente mas pequeños en anchos de cabezas, y por lo tanto,
fueron a menos de un etapa mas pequeño comparado a larvas recuperadas de suelo marl no
inundado o de medio de tiesto no inundado. En resumen, inundando suelo marl o medio de
tiesto redujo la supervivencia, y en suelo marl, la augmentación por larvas de

 

 D. abbreviatus

 

.

 

Translation provided by the authors.

 

Diaprepes root weevil, 

 

Diaprepes abbreviatus

 

(L.) (Coleoptera: Curculionidae), is an abundant
and serious pest of citrus and sugarcane in its
home range of Puerto Rico (Woodruff 1964). In
Florida, about 100,000 ac (40,469 ha) of citrus are
infested (Weissling et al. 2004), and control costs
and losses have exceeded $1,200 per ac ($2,965
per ha) (Stanley 1996). The weevil has caused
about $70 million in damage annually (crops not
specified) (Weissling et al. 2004). Inadequate
management and the wide host range sustain 

 

D.
abbreviatus

 

 as a threat to numerous crops includ-
ing many ornamental plants. Transport of the
weevils to regions where it is not established on
infested plants has become a recent concern.

 

 

 

Flor-
ida is most likely the source of 

 

D. abbreviatus 

 

re-

cently found in Texas (Knapp et al. 2001; Skaria
& French 2001) and California (Klunk 2005). The
need to reduce the introduction of 

 

D. abbreviatus

 

into other states and countries has resulted in
regulation, inspection, and pesticide application
to nursery stock and other commodities trans-
ported from areas where

 

 

 

the weevil is

 

 

 

estab-
lished.

Tropical agriculture in southern Florida tends
to occur in low-lying areas with high water tables,
which are prone to periodic flooding (Schaffer
1998). Changing water delivery practices in Ever-
glades National Park have caused raising of wa-
ter tables in these areas (Schaffer 1998). This has
increased the severity, duration, and extent of
flooding in regions that produce tropical fruit and
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ornamental plants. Elevation of the water table
above the root zone typically depletes soil O

 

2

 

 lev-
els (Kozlowski 1997). The effects of flooding on the
physiology and growth of a woody perennial plant
species can vary among soil types and is partly
based on the rates of soil O

 

2

 

 depletion and other
factors such as soil pH (Schaffer et al. 1992). In
southern Florida plant nurseries, woody orna-
mental plants are grown either in pots containing
standard potting medium or in the field in marl
soils. The marl type agricultural soil in southern
Florida is classified as Biscayne soil (loamy, car-
bonatic, hyperthermic, shallow, and Typic Fluva-
quent) (Nobel et al. 1996; Li 2001). These marl
soils are derived from Miami limestone in areas
with several months of flooding (hydroperiod)
combined with several months of non-flooded con-
ditions per year. The resulting “calcite mud” soil is
high in calcium, has pH of 7.4-8.4, and poor drain-
age (Li 2001).

 

Diaprepes abbreviatus

 

 is a problematic pest due
to its very large host range, which includes at least
317 varieties, 280 species, 180 genera, and 68 fam-
ilies of plants (Simpson et al. 1996, 2000; Knapp et
al. 2000; Mannion et al. 2003; Godfrey et al. 2006).
Although some plants support only 1 stage of the
insect, many plants support all stages of 

 

D. abbre-
viatus

 

, including green buttonwood, 

 

Conocarpus
erectus

 

 L. (Simpson et al. 1996). Green buttonwood
is widely grown as an ornamental tree or shrub in
southern Florida and is native to the tidal swamps
of central and southern Florida (Watkins & Shee-
han 1975; Wunderlin 1998). As suggested from its
native range, it is very tolerant of flooding, al-
though it thrives in non-flooded, moderately moist
soil, which is common for landscape plants. Flood-
ing has been suggested as a method for control of

 

D. abbreviatus

 

 larvae in sugarcane (Shapiro et al.
1997). Flooding also may be a viable control option
for flood-tolerant ornamental plants including but-
tonwood, but flooding of the root zone may exacer-
bate the effects of root feeding by 

 

D. abbreviatus

 

larvae. The objective of this study was to deter-
mine the survival of 

 

D. abbreviatus

 

 larvae in
flooded marl soils and in a flooded nursery potting
medium, with green buttonwood serving as a food
source.

M

 

ATERIALS

 

 

 

AND

 

 M

 

ETHODS

 

The experiment was conducted in the winter
and spring of 2007 in Homestead, FL, with 

 

D. ab-
breviatus 

 

infested green buttonwood trees in 4-L
containers filled with either marl soil or potting
medium in an outdoor, open site. Plants were ob-
tained from a commercial nursery in Dec 2006
and replanted 12 Jan 2007. At the time treat-
ments were initiated, buttonwood plants were ap-
proximately 6-12 months old.

Each plant was repotted into a 4-L plastic con-
tainer, with half the plants in a nursery potting

medium (40% Florida peat, 30% pine bark, 20%
cypress sawdust, and 10% sand) and the other
half in marl soil. The marl soil was obtained from
a fallow agricultural field (Homestead, FL).
Plants were fertilized (13 Feb 2007) 10 d before
beginning the experiment with liquid fertilizer
(Miracle-Gro 15-30-15, Stern’s Miracle-Gro Prod-
ucts, Port Washington, NY) at the manufacturers
recommended rate. Insect pests other than 

 

D. ab-
breviatus

 

 were removed manually. A total of 24
plants were used in this study with 2 soil treat-
ments (potting medium and marl soil) and 2 flood
treatments (flooded and non-flooded) arranged in
a 2 

 

×

 

 2 factorial design with 6 single-plant repli-
cations per treatment. An additional 8 “monitor-
ing” plants (4 flooded plants in each soil type)
were used for periodic destructive harvest to as-
sess larval survival on 1 plant in each soil type at
each assessment time. The monitoring plants
were used to determine when to remove test
plants from flooding and when to harvest and
evaluate the test plants. Data from the monitor-
ing plants were not included in the statistical
analysis.

 

Larval Infestation

 

Six weeks after repotting (23 Feb 2007), each
container was infested with 15 

 

D. abbreviatus

 

 lar-
vae raised on an artificial diet and supplied by the
Florida Department of Agriculture and Consumer
Services, Division of Plant Industry, Gainesville,
FL. Head capsule widths of larvae used to infest
plants were 1.15 ± 0.21 mm, indicating that they
were fourth through sixth instars (mean fifth in-
star) (Quintela et al. 1998). These sample larvae
were raised from eggs oviposited on the same day
and reared from the same artificial diet and other
laboratory conditions as infesting larvae, but they
were not used for infestation. Larvae were placed
individually into each of 15 holes in the soil, 3-5
cm deep, 4-8 cm from the stem, and 2.5 cm apart,
which were then recapped with soil. All contain-
ers remained non-flooded for 16 d to allow larvae
to become established.

 

Flooding

 

Sixteen days after infestation (11 Mar 2007), 6
plants in each soil type (marl soil or potting me-
dium) were flooded by placing each plant con-
tainer into a larger 19-L plastic container filled
with tap water with the water level maintained
10 cm above the soil surface (24 cm total depth).
The remaining 6 plants from each soil type were
used as the control plants (non-flooded). One
flooded monitoring plant in each soil type was
evaluated after 3, 6, 9, and 23 d to determine
when to evaluate the test plants based on the
number and size of live larvae found in the soil.
Test plants in each treatment were harvested
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when less than 30% of the 15 larvae originally
added per monitoring plant were found alive in
both soil types (after 38 d of flooding). Here, 30%
survival was arbitrarily chosen to represent a
likely significant reduction compared to 100%
survival when initially infested. Once the treat-
ment combinations had below 30% survival be-
cause of flooding, soil type, or other reasons, they
could be effectively compared to determine if the
mortality was due to differences in treatment
(flooding or soil type) or other factors. After this
“30% date” was reached, an additional 2 weeks
were allowed to further ensure any significant
differences between flooded and non-flooded
treatments. Non-flooded plants were irrigated by
overhead sprinkler 30 min once a day until 23
Mar, when irrigation times were changed to 30
min twice a day. Flooded plants were irrigated be-
fore flooding began or after it ended, but not dur-
ing the flood period.

 

Data Collection

 

Data collected included soil temperature, num-
bers of live and dead larvae recovered per plant,
and larval head capsule widths. Soil temperature
for non-flooded plants was recorded at 1 h inter-
vals throughout the experiment with sensors
(StowAway® Tidbit® temploggers, Onset Co.,
Pocasset, MA). Soil temperature of flooded plants
was not recorded because it was believed to not
differ significantly from that of non-flooded
plants. The sensors were placed in the soil of 3
non-flooded plants not included in the experiment
but held under the same experimental conditions.
Sensors were located at a soil depth of 6 cm two-
thirds the distance from the center to the outer
edge of the pot.

When flooded plants were unflooded and all
plants harvested, roots were removed from the
soil, which was placed into bins and carefully in-
spected for larvae. The number of live and dead
larvae were then determined for each plant con-
tainer and preserved in separate vials of 75% eth-
anol. Head capsule widths were measured in the
laboratory with a microscope micrometer with 50
micrometer units per mm and 80 

 

×

 

 magnification.
All data for percentage of larvae found alive were
based on live/total ratios.

 

Statistical Analyses

 

A two-way analysis of variance (ANOVA) was
used to determine flooding and soil type interac-
tion in a factorial design for percentages of larvae
found alive. However, because no larvae were re-
covered from 1 treatment combination (flooded
potting medium), data for head capsule widths
were analyzed with a one-way ANOVA with 3
treatments followed by a Duncan-Waller K-ratio
test. For percentage of larvae surviving, propor-

tional data based on ratios of live/total were arc-
sine transformed before analyses by standard 

 

t

 

-
tests. All statistical analyses were performed
with SAS Statistical Software Version 9.1 (SAS
Institute, Cary, North Carolina).

R

 

ESULTS

 

 

 

AND

 

 D

 

ISCUSSION

 

For plants used for monitoring only, mean per-
centages of live larvae found in flooded marl soil
were 47, 87, 60, and 27 on flood days 4, 7, 10, and
24, respectively, and for flooded potting medium
they were 20, 7, 7, and 0, respectively, on the same
flood days. The sample on flood d 24 was the first
with larval survival less than 30% in both soil
types. As noted, to ensure significant differences
in survival between flooded and non-flooded
treatments, all flooded test plants were harvested
2 weeks after that date, or 38 d after flooding
treatments commenced. No pupae or adults were
found in either monitoring or test plants.

For test plants, there was no significant inter-
action between effects of flooding and soil type on
the numbers of live/total larvae (

 

F

 

 = 3.98; 

 

df

 

 = 3,
23; 

 

P

 

 = 0.06). However, because this interaction
was nearly significant, data were not pooled for
determination of the percentages of larvae that
survived (Fig. 1). Flooding significantly reduced
the mean percentage of larvae surviving com-
pared with non-flooded conditions in marl soil (

 

t

 

 =
-5.45, 

 

df

 

 = 9.3, 

 

P

 

 = 0.0004) (Fig. 1a) and in potting
medium (

 

t

 

 = -6.36, 

 

df 

 

= 5, 

 

P

 

 = 0.0014) (Fig. 1b).
The mean percentage survival out of 15 original
larvae per container was significantly lower in
flooded potting medium than in flooded marl soil
(

 

t

 

 = 4.58, 

 

df

 

 = 5, 

 

P

 

 = 0.006) (Fig. 1c). In non-flooded
soil, there were no significant effects of soil type
on percentages of live larvae recovered (Fig. 1d).
There were significant differences in head cap-
sule width among 3 treatments for which data
were available (flooded marl soil, non-flooded
marl soil, and non-flooded potting medium) (

 

F

 

 =
37.3; 

 

df

 

 = 2, 17; 

 

P

 

 <0.0001). Mean head capsule
widths were significantly smaller for larvae in
flooded marl soil than for larvae in non-flooded
marl soil or non-flooded potting medium (Fig. 2).
Larval head capsule widths from non-flooded
marl and non-flooded potting medium were sta-
tistically the same and averaged eighth instar,
whereas flooded marl larvae averaged sixth to
seventh instar.

Lapointe (2000) examined the effects of con-
stant, 22, 26, and 30°C temperatures on 

 

Di-
aprepes abbreviatus

 

 larval survival and rates of
development on an artificial diet. The highest sur-
vival rates occurred at 22 and 26°C with lowest
survival at 30°C, and the highest development
rate was at 26°C with slower rates at 22 and 30°C
(Lapointe 2000). Mean daily soil temperatures
during the treatment period of the present study
ranged from 16 to 25°C with monthly averages
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17.9 to 21.7°C (Fig. 3). Thus, average monthly soil
temperatures for the present study were 4.3-
8.1°C less than 26°C (ideal developmental tem-
perature) and 0.3-4.1°C less than 22°C (ideal sur-
vival temperature). Although rates of larval sur-
vival may have been close to their maximum rates
in the present study, larval development rates
were probably slower than their maximum.

The present study focused on larval growth
and survival and did not examine flooding and
herbivory effects on biomass such as fresh and
dry root, stem, and leaf weights, stem diameter,
and plant height. However, larval herbivory tends
to significantly reduce biomass and gas exchange

of buttonwood in potting medium (Diaz 2005;
Diaz et al. 2006; Martin et al. 2009). In addition,
flooding buttonwoods in potting medium signifi-
cantly reduced photosynthesis, transpiration,
and stomatal conductance beginning 1 wk after
flooding (Diaz 2005). However, flooding button-
wood plants did not significantly affect fresh or
dry root, stem, or leaf weights (Diaz 2005). In an-
other study with buttonwood, flooding did not
cause significant differences in photosynthesis,
stomatal conductance, or dry weight of plants
grown in potting medium (Martin et al. unpub-
lished data). However when grown in marl soil,
flooding significantly reduced photosynthesis,

Fig. 1. Effects of flooding and soil type on percentage of 15 larvae added to each container that were found live
at harvest based on ratios of live/total. (A) Non-flooded marl soil (Marl-NF) versus flooded marl soil (Marl-FL). (B)
Non-flooded potting medium (PotMed-NF) versus flooded potting medium (PotMed-FL). (C) Flooded marl soil
(Marl-FL) versus flooded potting medium (PotMed-FL). (D) Non-flooded marl soil (Marl-NF) versus non-flooded pot-
ting medium (PotMed-NF). Bars represent means ± SD. Asterisks indicate significant differences between treat-
ments at * P ≤ 0.05, ** P < 0.01, and *** P < 0.001 according to a standard t-test.
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stomatal conductance, and leaf dry weight com-
pared with non-flooded plants. The native tidal-
swamp habitat of buttonwood is frequently
flooded and has marl soil, which is the environ-
ment where buttonwood evolved and should be
best adapted.

Live/total ratios may better represented larval
survival than live/found or found/total ratios be-
cause larvae not found were presumed dead and
decomposed (although some larvae were found
dead), and the objective was to determine sur-
vival of 

 

D. abbreviatus

 

 larvae. Hence, all data for
percentage of larvae found alive were based on
live/total ratios, and not live/found or found/total
ratios, although all 3 ratios seem to be plausible
definitions of survival. Comparing 

 

D. abbreviatus

 

larval survival in flooded marl soil with flooded
potting medium was difficult because of the high
proportion of larvae not recovered. However, this
was not surprising because larvae quickly decom-
pose when they die. Survival of 

 

D. abbreviatus

 

larvae in flooded marl soil was much higher than
its survival in flooded potting medium. In fields of
marl soil with mixed nursery stock including
flood-sensitive and flood tolerant plants, flooding
is probably not a good means to control this pest
because of possible harm to flood-sensitive plants
like Surinam cherry (

 

Eugenia uniflora 

 

L., Myrta-
ceae). For plants grown in a potting medium sim-
ilar to ours, results of our study suggest root-zone

flooding of at least 3 d will help control 

 

D. abbre-
viatus

 

 larvae in flood-tolerant to moderately
flood-sensitive plant species. This regime is espe-
cially suggested for plants tolerant or moderately
tolerant to flooding, however, flooding container-
ized plants may not always be practical.

When not flooded, soil type such as marl soil or
potting medium did not affect larval survival or
growth of 

 

D. abbreviatus

 

 during this 54-d experi-
ment. However when flooded, soil type did signif-
icantly affect percent larval survival. In addition,
larvae recovered from flooded marl soil had sig-
nificantly smaller head capsule widths, which in-
dicates they averaged at least one instar smaller
than larvae from non-flooded marl or non-flooded
potting medium. Reduced oxygen concentration
in flooded soil may have reduced larval respira-
tion and decreased survival and size of larvae
from flooded compared with non-flooded soil of ei-
ther soil type. Larval survival and growth seem to
be more affected by flooding than by soil type, al-
though both treatment effects may cause signifi-
cant differences in larval survival.

Flooding is sometimes used in southern Flor-
ida sugarcane fields to control pests such as grubs

 

Tomarus subtropicus

 

 (Blatchley) (Coleoptera:
Scarabaeidae) (Cherry 1984) and wireworm lar-
vae 

 

Melanotus communis

 

 (Gyllenhal) (Co-
leoptera: Elateridae) (Hall & Cherry 1993). In
those studies, wireworm larvae (

 

M. communis

 

)
had 80% mortality after 6 wk of submergence at
27°C, whereas scarab grubs (

 

T. subtropicus

 

) had
100% mortality after ~1 wk (5-10 d) of submer-
gence. Mortality may have been caused by drown-
ing (suffocation) from a lack of oxygen and sur-
plus carbon dioxide, or by sepsis, from a buildup
of microbes in stagnant water and larval cadavers
(Shapiro et al. 1997). Shapiro et al. (1997) ex-
posed 

 

D. abbreviatus

 

 larvae to flooding to test the
effects of varying temperature (18, 21, 24, and
27°C) and flood periods (0, 1, 2, 3, 4, or 5 weeks) on
larval mortality. They found that mean mortality
exceeded 90% by 3 weeks at 24 and 27°C and by 5
weeks at 21°C, but was only 46% after 5 weeks at
18°C. In addition, soil pH increased significantly
with time and mortality (Shapiro et al. 1997). Li
et al. (2004, 2007) found that pH increased with
increasing flood period, which is related to re-
duced oxygen content of flooded soil

 

 

 

and not nec-
essarily effects of 

 

D. abbreviatus

 

 larval infesta-
tion, such as respiration. Reduced oxygen in
flooded soil is caused by many factors including
replacement of soil oxygen with water and micro-
bial and chemical conversion of oxygen to other
substances. Flooding may be useful for control-
ling 

 

D. abbreviatus

 

 larvae in sugarcane fields, al-
though only in the summer and fall when flood-
water temperatures are close to maximum (27°C)
(Hall & Cherry 1993; Shapiro et al. 1997).

Lapointe & Shapiro (1999) tried to determine
levels of soil moisture that optimized production

Fig. 2. Mean head capsule widths and instars (±SD)
of larvae found at harvest. Values for live and dead lar-
vae were pooled. N is the total number of larvae found in
each treatment. X-axis symbols are Marl-NF (non-
flooded marl soil), Marl-FL (flooded marl soil), and Pot-
Med-NF (non-flooded potting medium).
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of 

 

D. abbreviatus

 

 adults in the laboratory. Opti-
mal survival to pupation occurred at 30-70% soil
moisture, and about 60-65% of larvae survived to
pupation under these ideal moisture conditions.
The poorest survival of larvae occurred in low
(20%) and in high (80%) soil moisture levels
(Lapointe & Shapiro 1999). Thus, poorest larval
survival would be expected under flooded condi-
tions, which presumably have over 80% moisture
levels, whereas un-flooded plants may have soil
moisture levels more favorable to larval survival,
30-70%.

In the present study and the earlier study by
Shapiro et al. (1997), larvae of 

 

D. abbreviatus

 

were exposed directly to flooding. Several studies
examined the interaction of flooding and larval
feeding by 

 

D. abbreviatus

 

 (Li et al. 2003; Diaz
2005) or the interaction of flooding and soil type
or pH on larval survival or growth (Li et al. 2006,
2007). However in these latter experiments, lar-
vae in flooded treatments were added to previ-
ously flooded plants and were not exposed di-
rectly to flooding.

Overall, plant gas exchange and plant weights
observed by Diaz (2005) seemed to have been
more affected (decreased) by flooding than by lar-
val infestation in buttonwood or live oak. How-
ever with larval recovery, there were no signifi-
cant differences between previously flooded and
non-flooded buttonwoods or live oaks (Diaz 2005).
This lack of difference may reflect similar soil
moisture contents between previously flooded
and non-flooded plants during larval infestation.
For Li et al. (2003), survival of Diaprepes larvae
was significantly higher in previously flooded soil

than in non-flooded soil, and flood-damaged seed-
lings were more susceptible to larval feeding in-
jury than non-flooded seedlings. Similarly, Li et
al. (2006) found that plants flooded for at least 20
d were more stressed and more prone to feeding
injury from Diaprepes larvae after removal of
plants from flooding than non-flooded control
plants. Li et al. (2006) also found that larval sur-
vival averaged 25% higher in sandy soil than in
loam soil in plants previously flooded for 20 d.
Their results suggest that avoidance of flooding
and early control of Diaprepes larvae may help
protect young plants.

Soil type affects larval growth and survival
rates, and the effects of soil type on larval sur-
vival may be chiefly based on physical character-
istics of the soil, which affect soil moisture and ox-
ygen levels (Rogers et al. 2000). Soil pH also in-
creases with flood duration and could adversely
affect larval survival (Shapiro et al. 1997; Li et al.
2006). Waterlogged soils are also typically denser
than non-flooded soils (Saqib et al. 2004), which is
a potential problem for survival of larvae in
flooded soil (Li et al. 2006). Li et al. (2007) found
that when not limed, flooding increased the aver-
age soil pH up to 0.3 units for citrus seedlings
flooded for 40 d, which also had the lowest larval
weights and survival rates compared with seed-
lings flooded for shorter flood durations; this may
reflect the higher soil pH at longer flood dura-
tions. Larval survival and growth were signifi-
cantly decreased by pre-applied flooding (Li et al.
2007). When the soil was limed to pH 4.8-5.7, lar-
val survival was highest at pH 5.0 for non-flooded
plants. Larval survival and weight gain were sig-

Fig. 3. Soil temperature during the experiment. Each point is the average of three temperature sensors each
buried 6 cm below the soil surface in potted plants not used in the experiment but held under the same environ-
mental conditions and with the same media as in the experiment. For Feb, the monthly average is for the whole
month; however, because plants were infested on Feb 23, daily averages are shown only for Feb 23-28. Similarly, the
Apr monthly average is for the entire month, but daily averages are for Apr 1-17 because plants were harvested and
unflooded Apr 17. All of Mar was in the experimental period, hence, the monthly average and all daily averages are
shown for the entire month.
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nificantly correlated with pH; increasing pH from
4.8 to 5.7 decreased larval survival and increas-
ing pH from 5.1 to 5.7 significantly decreased lar-
val weights (Li et al. 2007).

Other factors such as soil compaction, bulk
density, and water content may also influence lar-
val survival and growth (Riis & Esbjerg 1998;
Rogers et al. 2000; Li et al. 2007). Increasing the
soil pH by at least 1 unit in acidic soils was recom-
mended for optimum citrus growth, which occurs
at pH 6.0-6.5, and to help control D. abbreviatus
(Li et al. 2007). Flooding was also recommended
as a possible control method in citrus (Li et al.
2007). Flooding may hence reduce larval survival
while plants are flooded. However, depending on
soil pH, water-stressed plants may be more sus-
ceptible to D. abbreviatus larval feeding when un-
flooded than non-stressed plants that were either
never flooded or flood-tolerant and previously
flooded.

As noted, marl soil native to south Florida has
pH of 7.4-8.4 (Li 2001), whereas the potting me-
dium in the present study had a pH of 6.0. As sug-
gested above by Li et al. (2007), increasing the soil
pH from 4.8 to 5.7 decreases larval survival and/
or weight. Thus, a pH of 6.0 would appear less fa-
vorable than 5.0 for D. abbreviatus survival. Soil
pH in the range of marl soil was not investigated
in the foregoing studies. Hence, marl soil may of-
fer a pH range more favorable to larval survival
and growth than our potting medium, which is
suggested by our higher larval survival rates in
flooded marl soil than in flooded potting medium.
However, this difference in survival was not
present between non-flooded marl soil and non-
flooded potting medium. There is a need to inves-
tigate possible survival advantages to D. abbre-
viatus larvae in the pH range of marl soil (7.4-8.4)
compared with their survival in lower pH (4.8-
6.0) of potting medium in the present study and of
Florida sandy loam soil used by Li et al. (2007).

ACKNOWLEDGMENT

We thank Julio Almanza, Luis Bradshaw, and Holly
Glenn for assistance with this study. We also thank Su-
zanne Fraiser and the Florida Department of Agricul-
ture and Consumer Services, Division of Plant Industry,
Gainesville, for providing larvae and Fred Davies and
Eileen Buss for review of drafts.

REFERENCES CITED

CHERRY, R. H. 1984. Flooding to control the grub Ligy-
rus subtropicus (Coleoptera: Scarabaeidae) in Flori-
da sugarcane. J. Econ. Entomol. 77: 254-257.

DIAZ, A. P. 2005. Effect of Diaprepes Root Weevil on Leaf
Gas Exchange and Growth of Select Ornamental
Tree Species. M.S. Thesis, University of Florida,
Gainesville.

DIAZ, A. P., MANNION, C. M., AND SCHAFFER, B. 2006.
Effect of root feeding by Diaprepes abbreviatus (Co-

leoptera: Curculionidae) larvae on leaf gas exchange
and growth of three ornamental tree species. J. Econ.
Entomol. 99: 811-821.

GODFREY, K., BENDER, G., ELLIS, T., BETHKE, J., AND
MORSE, J. 2006. Diaprepes phenology and insecticid-
al control in San Diego County. California Dept. of
Food and Agriculture (CDFA), citrus research board,
and the University of California, San Diego and Riv-
erside Counties.

HALL, D. G., AND CHERRY, R. H. 1993. Effect of temper-
ature in flooding to control the wireworm Melanotus
communis (Coleoptera: Elateridae). Florida Ento-
mol. 76: 155-160.

KLUNK, S. 2005. Invasive Root Weevil Spreads to South-
ern California. University of California ANR, News
and Outreach. URL (Sept 2008): (http://
news.ucanr.org/newsstorymain.cfm?story=716). 

KNAPP, J. L., NIGG, H. N., SIMPSON, S. E., DUNCAN, L.
W., GRAHAM, J. H., PEÑA, J. E., MCCOY, C. W., AND
MANNION, C. M. 2001. Diaprepes Root Weevil: A Pest
of Citrus, Ornamental, and Root Crops in Florida.
ENY-645. Florida Coop. Ext. Serv., Inst. Food Agric.
Sci., University of Florida, Gainesville.

KNAPP, J. L., SIMPSON, S. E., PEÑA, J. E., AND NIGG, H.
N. 2000. Diaprepes Root Weevil Host List. ENY-641,
Florida Coop. Ext. Serv., Inst. Food Agric. Sci., Uni-
versity of Florida, Gainesville.

KOZLOWSKI, T. T. 1997. Response of woody plants to
flooding and salinity. Tree Physiol. Monograph 1: 1-
29.

LAPOINTE, S. L. 2000. Thermal requirements for devel-
opment of Diaprepes abbreviatus (Coleoptera: Cur-
culionidae). Environ. Entomol. 29: 150-156. 

LAPOINTE, S. L., AND SHAPIRO, J. P. 1999. Effect of soil
moisture on development of Diaprepes abbreviatus
(Coleoptera: Curculionidae). Florida Entomol. 82:
291-299. 

LI, H., MCCOY, C. W., AND SYVERTSEN, J. P. 2007. Con-
trolling factors of environmental flooding, soil pH,
and Diaprepes abbreviatus (L.) root weevil feeding in
citrus: larval survival and larval growth. Appl. Soil
Ecol. 35: 553-565.

LI, H., SYVERTSEN, J. P., MCCOY, C. W., SCHUMANN, A.
W., AND DUNLOP, J. 2003. Soil redox potential and
leaf stomatal conductance of two citrus rootstocks
subjected to flooding and root weevil feeding. Proc.
Florida State Hort. Soc. 116: 252-256.

LI, H., SYVERTSEN, J. P., MCCOY, C. W., STUART, R. J.,
AND SCHUMANN, A. W. 2004. Soil liming and flooding
effects on Diaprepes root weevil larval survival and
citrus seedling growth. Proc. Florida State Hort. Soc.
117: 139-143.

LI, H., SYVERTSEN, J. P., MCCOY, C. W., STUART, R. J.,
AND SCHUMANN, A. W. 2006. Water stress and root
injury from simulated flooding and Diaprepes abbre-
viatus root weevil larval feeding in citrus. Soil Sci.
171: 138-151.

LI, Y. 2001. Calcareous Soils in Miami-Dade County.
Inst. Food Agric. Sci., Florida Coop. Ext. Serv. Fact
sheet #SL 183, University of Florida, Gainesville.

MANNION, C. M., HUNSBERGER, A., PEÑA, J. E., AND OS-
BORNE, L. S. 2003. Oviposition and larval survival
of Diaprepes abbreviatus (Coleoptera: Curculion-
idae) on select host plants. Florida Entomol. 86:
165-173.

MARTIN, C. G., MANNION, C. M., AND SCHAFFER, B.
2009. Effects of herbivory by Diaprepes abbreviatus
(Coleoptera: Curculionidae) larvae on four woody or-



160 Florida Entomologist 93(2) June 2010

namental plant species. J. Econ. Entomol. 102: 1141-
1150.

NOBEL, C. V., DREW, R. W., AND SLABAUGH, J. D. 1996.
Soil Survey of Dade County Area Florida. USDA,
Nat. Res. Cons. Serv., Washington, D.C.

QUINTELA, E. D., FAN, J., AND MCCOY, C. W. 1998. De-
velopment of Diaprepes abbreviatus (Coleoptera:
Curculionidae) on artificial and citrus root sub-
strates. J. Econ. Entomol. 91: 1173-1179.

RIIS, L., AND ESBJERG, P. 1998. Seasonal and soil mois-
ture effect on movement, survival, and distribution
of Cyrtomenus bergi (Hemiptera: Cydnidae) within
the soil profile. Environ. Entomol. 27: 1182-1189.

ROGERS, S., MCCOY, C. W., AND GRAHAM, J. H. 2000.
Larval growth of Diaprepes abbreviatus (Coleoptera:
Curculionidae) and resulting root injury to three cit-
rus varieties in two soil types. J. Econ. Entomol. 93:
380-387.

SAQIB, M., AKHTAR, J., AND QURESHI, R. H. 2004. Pot
study on wheat growth in saline and waterlogged,
compacted soil, II. Root growth and leaf ionic rela-
tions. Soil Tillage Res. 77: 179-187.

SCHAFFER, B. A. 1998. Flooding responses and water-
use efficiency of subtropical and tropical fruit trees
in an environmentally sensitive wetland. Ann. Bot.
81: 475-481.

SCHAFFER, B., ANDERSEN, P. C., AND PLOETZ, R. C.
1992. Responses of fruit crops to flooding. Hort. Re-
views 13: 257-313.

SHAPIRO, J. P., HALL, D. G., AND NIEDZ, R. P. 1997. Mor-
tality of the larval root weevil Diaprepes abbreviatus

(Coleoptera: Curculionidae) in simulated flooding.
Florida Entomol. 80: 277-285.

SIMPSON, S. E., NIGG, H. N., COILE, N. C., AND ADAIR, R.
A. 1996. Diaprepes abbreviatus (Coleoptera: Curcu-
lionidae): host plant associations. Environ. Entomol.
25: 333-349.

SIMPSON, S. E., NIGG, H. N., AND KNAPP, J. L. 2000.
Host Plants of Diaprepes Root Weevil and Their Im-
plications to the Regulatory Process. Citrus Re-
search and Education Center, University of Florida,
Lake Alfred. 18 pp. URL (4 Oct 2005): (http://
www.fcprac.ifas.ufl.edu/citrustopics).

SKARIA, M., AND FRENCH, J. V. 2001. Phytophthora dis-
ease of citrus associated with root weevils in Texas.
Phytopathology 91(6): Supplement S203.

STANLEY, D. 1996. Suppressing a serious citrus pest. Ag-
ric. Res. 44: 22. 

WATKINS, J. V., AND SHEEHAN, T. J. 1975. Florida Land-
scape Plants. University Press of Florida, Gaines-
ville. 420 pp.

WEISSLING, T. J., PEÑA, J. E., GIBLIN-DAVIS, R. M., AND
KNAPP, J. L. JR. 2004. Common Name: Diaprepes Root
Weevil. Featured Creatures, Univ. Florida #EENY-24.
URL(24 Dec 2005): (http://creatures.ifas.ufl.edu/cit-
rus/Sugarcane_rootstock_borer_weevil.htm).

WOODRUFF, R. E. 1964. A Puerto Rican Weevil New to
the United States (Coleoptera: Curculionidae). Flori-
da Dept. Agric., Div. Plant Ind. Entomol. Circ. 30: 1-2.

WUNDERLIN, R. P. 1998. Guide to the Vascular Plants of
Florida. University Press of Florida, Gainesville. 806
pp.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


