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AbstRACt

Plum curculio, Conotrachelus nenuphar Herbst (Coleoptera: Curculionidae), is a key pest of 
peaches in the southeastern United States. Part of its life cycle, specifically, the pre-pupal, 
pupal and pre-adult stages are spent in the soil. Experiments were conducted in 2 peach 
orchards to evaluate the effects of some common orchard weed management practices on 
the development of the soil dwelling life stages of plum curculio. Four common orchard 
weed management practices (treatments) were evaluated in plots (3 m × 3 m) located under 
peach tree canopies: centipede grass, Eremochloa ophiuroides (Munro) understory (soil cov-
ered with centipede grass); weed free understory (bare soil, weeds removed with herbicide 
sprays); weedy (natural weeds) understory; and pine bark understory (soil covered with pine 
bark). Fewer numbers of adult plum curculio emerged from the centipede grass understory 
plots compared with weed free, weedy or pine bark treated understories. Similar results 
were obtained in the greenhouse: fewer adults emerged from centipede grass than bare soil 
in spring 2009. Possible reasons for the lower emergence of plum curculio in centipede grass 
plots are proposed.
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Resumen

El picudo de la ciruela, Conotrachelus nenuphar Herbst (Coleoptera: Curculionidae), es una 
plaga clave del durazno (= melocotón) en el sureste de los Estados Unidos. Parte de su ciclo 
de vida, especificamente, las etapas de pre-pupa, pupa y pre-adulto se desarrolla en el suelo. 
Se realizaron experimentos en dos huertos de durazno para evaluar los efectos de algunas 
prácticas comunes de manejo de malezas sobre el desarrollo de las etapas de la vida del 
picudo de la ciruela que se encuentran en el suelo. Cuatro prácticas comunes de manejo de 
malezas (tratamientos) en huertas fueron evaluados en parcelas (3 m × 3 m), ubicado bajo 
las copas de los árboles de durazno: el sotobosque (suelo cubierto del pasto cienpiés, Ere-
mochloa ophiuroides (Munro)); el sotobosque libre de malezas (suelo desnudo, las malezas 
eliminadas con aplicaciones de herbicidas); el sotobosque con malezas (naturales) y el soto-
bosque de corteza de pino (suelo cubierto con corteza de pino). Un menor número de adultos 
del picudo de la ciruela emergieron de las parcelas del sotobosque cubierto de pasto ciempiés 
en comparación con los sotobosques de tratamientos sin malezas, con malezas naturales o de 
corteza de pino. Resultados similares fueron obtenidos también en el invernadero: un menor 
número de adultos emergieron del pasto ciempiés que el suelo desnudo en la primavera del 
2009. Se proponen las posibles razones para la menor emergencia del picudo de la ciruela en 
las parcelas del pasto ciempiés. 

Palabras Clave: pasto ciempiés, césped ciempiés, huerto sotobosque, picudo de la ciruela, 
corteza de pino

Weed management practices of most peach 
growers in the southeastern U.S. are diverse 
(Horton & Ellis 1989; Horton & Johnson 2005). 
The majority of peach growers maintain grasses 
or sod between the rows and herbicide strips 
around the trees as the main weed management 
practice (Mitchem & Parker 2005; Mitchem 2005), 
while some allow their orchards to become weedy 

with very minimal weed management, particu-
larly during the off-season. Some fruit growers 
also use mulching as another way of managing 
weeds in their orchards (Niggli et al. 1990). Also 
pine bark is used in orchards as mulch to con-
serve soil moisture, increase soil organic mat-
ter, prevent erosion, and provide plant nutrient 
sources in peach and apple orchards (Foshee et 
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al. 1999). Other mulch types such as straw, hay, 
sawdust, chipped pruning have been used for 
similar purposes (Roper 2004). In other orchards, 
growers maintain bare soil surfaces by spraying 
a recommended herbicide or use shallow cultiva-
tion because of concerns about competition from 
weeds (Elmore et al. 1997; Roper 2004). Bare soils 
absorb more heat during the day and therefore 
reduce crop losses associated with spring frosts 
experienced in many parts of the region (Roper 
2004; Horton & Johnson 2005).There is currently 
no consensus on the best weed management prac-
tice to be used by southern tree fruit growers. Any 
practice must balance the growth of the tree and 
fruit yield, maintain good soil structure, reduce 
erosion, and not compete with the trees for wa-
ter and nutrients, nor harbor insect pests (Roper 
2004).

In most cases, the selection of the type of man-
agement practice by growers is based mainly on 
weed management, control of erosion and soil 
moisture improvement with very little consider-
ation given to insect pest management (Brown & 
Tworkoski 2004; Gannon et al. 2006; Mathews et al. 
2004). Some studies have shown, however, that the 
type of weed management practice adopted in any 
orchard understory could impact both the above 
and below-ground arthropod communities (Altieri 
& Whitcomb 1980; Brown & Gange 1990; Andow 
1991; Mathews et al. 2004; Norris & Kogan 2000, 
2005). For example, planting cover crops has been 
reported to affect pest dispersal, colonization, and 
reproduction of some insects (Risch et al. 1983).

Plum curculio is currently a serious pest of 
peaches in Alabama and much of the southeast-
ern U.S. (Horton & Ellis 1989; Johnson et al. 
2002; Akotsen-Mensah 2010; Akotsen-Mensah et 
al. 2011). Two strains, the northern and south-
ern strains, occur in continental North America, 
east of the Rocky Mountains with few isolated 
populations in Box Elder County, Utah (Alston 
& Stark 2000). The northern strain extends from 
New Jersey (McClanan 2002) and into Canada (N 
50°), while the southern strain ranges from the 
southern New Jersey to Florida (McClanan 2002; 
Zhang 2007). In Alabama, the southern strain has 
2 or more generations per year (Akotsen-Mensah 
2010). The northern strain, on the other hand, 
is univoltine (Chapman 1938; McClanan 2002; 
Zhang 2007).

Several stages of its life cycle, specifically, the 
pre-pupal, pupal and pre-adult (or teneral) stages 
are spent in the soil. The adults, after emerging in 
spring from their overwintering sites, mate and 
migrate to find feeding and oviposition sites with-
in nearby orchards. The female lays its eggs in de-
veloping fruit. The eggs hatch and the larvae eat 
their way into the developing fruit. Some infested 
fruits prematurely abort either before or during 
the time the fully grown fourth instar larva is 
about to pupate. The larvae exit fruits on the tree 

and aborted fruits on the ground, and enter the 
soil to pupate. The larvae spend varying amounts 
of time in the pre-pupal stage before final pupa-
tion. The time spent in the soil before adult emer-
gence depends greatly on soil conditions. Given 
these variables, we hypothesized that the type 
of weed management practices used by peach 
growers would impact the development of the soil 
dwelling immature stages of plum curculio and 
ultimately adult emergence from the soil.

The objective of this study was to evaluate the 
effects of some commonly used weed management 
practices on the development of the pre-pupae and 
pupae of plum curculio in the soil. Data were also 
collected on the abundance of other arthropods 
such as ground beetles (Carabidae), tiger beetles 
(Cicindelidae), ants (Formicidae) and spiders as 
these arthropods have been reported to prey on 
soil dwelling stages of plum curculio (Mampe & 
Neunzig 1967; Jenkins et al. 2006).Ultimately, 
we hope to identify and recommend to commer-
cial peach growers weed management practices 
which will be unfavorable to the development of 
the plum curculio while having minimal impact 
on tree growth and fruit yield.

mAteRiAls And methods

Rearing of Insects

The colony of plum curculio larvae used for the 
greenhouse study was maintained on pesticide-
free green thinning apples in a growth chamber 
at 25 ± 1 °C, 65-70% RH, and 12:12h L:D. The 
adult weevils used to establish the laboratory 
colony had been collected from peach orchards in 
central Alabama and reared for more than 10 gen-
erations before the tests. The colony was periodi-
cally supplemented with weevils collected from 
the same field locations in Alabama. The rearing 
procedures followed those of Smith (1957) and 
Amis & Snow (1985).

Field Study

The study was conducted at the Chilton Re-
search and Extension Centre (CREC), Clanton, 
Alabama during the 2007-2009 peach growing 
seasons. The 2007 study was done in an un-
managed peach orchard that had not received 
any insecticide or fungicide application since its 
establishment in 1985, and high plum curculio 
populations had historically been recorded in the 
orchard. Three trees along the same row were 
randomly selected and 4 small plots (3 m × 3 m) 
were established on each side of the canopy of the 
selected trees. The following treatment plots were 
established: (1) centipede grass (Eremochloa 
ophiuroides (Munro) Hack; Poales: Poaceae) un-
derstory (soil covered with centipede grass); (2) 
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weed free understory (bare soil, weeds removed 
with herbicide sprays); (3) weedy (natural weeds) 
understory; and (4) pine bark understory (soil 
covered with pine bark). No single weed species 
dominated the weedy understory treatments. 
Some common broadleaf weeds found under the 
tree canopy and generally in the orchard were 
dandelion (Taraxacum officinale F. H. Wigg; As-
terales: Asteraceae), blessed thistle (Cnicus bene-
dictus L.; Asterales: Asteraceae), henbit (Lami-
um amplexicaule L. Asterales: Asteraceae), and 
wild blackberry Rubus spp., Rosales: Rosaceae) 
and some grasses like bahiagrass (Paspalum no-
tatum Flüggé; Poales: Poaceae), Bermudagrass 
(Cynodon dactylon L. Pers.; Poales: Poaceae), 
and crabgrass Digitaria spp.; Poales: Poaceae). 
Treatments 1 and 3 were established 3-4 wk be-
fore larvae were ready to be introduced. Twen-
ty fourth-instar larvae collected from aborted 
peach fruits were placed in the soil in each plot, 
after which a large wire cone emergence trap 
(base diam 50.8 cm and height 61 cm) (Mulder 
et al. 1997) was set over the introduced larvae 
to monitor adult emergence. Because the plum 
curculio’s behavior in the field involves frequent 
drops from the trees to the ground as a result 
of any disturbance, we sought to eliminate any 
adults which were present in the treatments be-
fore the installation of the emergence traps. All 
adults appearing in the cone emergence traps 
within 7 d of trap placement were considered 
already present and thus not used in the analy-
ses. The traps were then observed for 21 d after 
emergence of the first plum curculio adult. The 
number of adults that emerged into each cone 
trap was counted and recorded.

Pitfall traps were deployed in the treatment 
plots, outside the cone traps as an additional 
sampling method to determine the presence and 
abundance of other ground-dwelling arthropods 
in the unmanaged orchard. Although several ar-
thropods were found in the pitfall traps, the fol-
lowing were recorded based on previous reports 
on their importance in orchards: ground beetles 
(Carabidae), tiger beetles (Cicindelidae), ants 
(Formicidae), and spiders (all species).

Similar methods were used in 2008 and 2009, 
except that the study was replicated in both yr 
in a commercial orchard (located ~1.5 km from 
the unmanaged peach orchard at CREC) planted 
to ‘Loring’ peach variety with no insecticides ap-
plied. Because very few fourth instar larvae were 
collected from aborted fruits in 2008 and 2009, 
the number of larvae placed in each cone trap was 
reduced to 10 instead of 20.

In all years, plot maintenance was done by us-
ing a hand held mower to cut overgrown weeds 
in the weedy and centipede grass orchards to a 
height of ~10 cm. Hand-picking was also used to 
remove undesirable plants from the centipede 
grass and pine bark treated plots when necessary.

Greenhouse Study

To determine whether the various performanc-
es of the different weed management practices 
were due to the variable conditions inherent in-
field studies, the treatments were evaluated un-
der greenhouse conditions [25 ± 2 °C, 50 ± 10% 
RH, and 12:12 h L: D] during summer and spring 
2009. Before the main experiment in 2009, a se-
ries of experiments (preliminary tests) were first 
carried out to determine the ideal soil conditions 
required to produce optimum growth of centipede 
grass and natural weeds and to establish those 
without live plants (pine bark and weed free).

In spring 2009, the following treatments were 
established in 100 × 40 × 40 cm plastic Rubber-
maid® containers: (1) centipedegrass; (2) weed 
free (weeds removed with atrazine at 1.5 quarts 
per ac [3.5L per ha); (3) weedy (weeds picked at 
random from unmanaged peach orchard); and 
(4) pine bark . Centipede grasses used for the ex-
periments were obtained as sod grass from Beck’s 
Turf, Tuskegee, Alabama. The weed free and 
weedy orchard treatments were established from 
the same unmanaged peach orchard used for the 
field study. Care was taken to remove all soil rem-
nants on the roots of the weeds before they were 
planted. The weeds were planted densely enough 
to be representative of natural orchard weed 
growth. Two weedy orchard treatments were es-
tablished. One of these treatments was used for 
the weed free treatments by spraying Atrazine at 
¾th of the recommended field rate. The pine bark 
was obtained from Home Depot Stores, Opelika, 
Alabama. All treatments were established on 
autoclaved field soil in order to eliminate the ef-
fects of predators of plum curculio such as ground 
and tiger beetles, ants and spiders (Jenkins et al. 
2006). A depth of ~15 cm was chosen for the auto-
claved field soil on which the treatments were es-
tablished. This ensured that both the larvae and 
plant roots had adequate soil for development.

After the treatments involving live plants were 
well established in containers,4 polyvinyl chloride 
(PVC) pipes of 12 cm diam. were cut to a height of 
~25 cm and inserted into each of the containers. 
Twenty newly emerged, laboratory-reared fourth-
instar larvae of plum curculio (~15-18 mg each), 
were introduced into each PVC pipe (plot). Four 
replicates (i.e., 4 PVC pipes) were established in 
each treatment container. A boll weevil trap top 
was used to cover the top of each PVC pipe to en-
sure that emerging adults did not escape. Adults 
that emerged into the boll weevil trap top (Great 
Lakes IPM, Inc., Vestaburg, Michigan) were col-
lected and recorded daily until no adult appeared 
in the trap top for a period of 14 d. This procedure 
was repeated in the summer 2009 experiment 
except that 10 instead of 20 fourth-instar larvae 
were used. Also, the number of replicates was in-
creased to 8 in the summer.
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Statistical Analysis

Adult emergence from the field experiments 
were converted to percentage emergence and tested 
for the linearity, normality and variance equality. 
Percentage data that did not meet these assump-
tions were arcsine transformed √(x + 0.1) to stabilize 
heteroscedastic variances and ensure normality. 
The data were then analyzed using a one-way ANO-
VA for each year and multiple comparisons of the 
means were done using the Tukey-Kramer honestly 
significant difference (HSD) test (P < 0.05; JMP 
version 7.0, SAS Inc. Cary, North Carolina, 2007). 
Count data involving other arthropods were treated 
likewise after data transformation by using √(x + 
0.5). Due to generally low densities in the plots, the 
numbers of ground and tiger beetles, ants and spi-
ders collected using pitfall traps were pooled across 
sampling dates (i.e., total arthropods) and analyzed 
with one-way ANOVA. The data from the green-
house experiments were similarly analyzed using 
a one-way ANOVA. In all cases, transformed data 
was used for multiple comparisons made among 
treatments using the Tukey-Kramer HSD test (P < 
0.05; JMP version 7.0, SAS Inc. Cary, North Caro-
lina, 2007). However, actual means are reported.

Results

Field Study

Adult Emergence in Different Weed Management 
Treatments.

Significant differences were recorded in the 
emergence of adult plum curculio from the different 
weed management treatments in the unmanaged 
peach orchard in 2007 (F3, 21 = 4.03, P = 0.0207), but 
not in 2008 (F3, 21 = 0.62, P = 0.6128) and 2009 (F3, 

21 = 1.46, P = 0.2496). Adult emergence was signifi-
cantly lower in the centipede grass treated under-
story compared with the weed free understory in 
2007 (Fig. 1A). Location of the plots within the un-
managed orchard was not significant in 2007 (F3, 21 
= 1.64, P = 0.2057), 2008 (F3, 21 = 0.88, P = 0.4668), 
or 2009 (F3, 21 = 2.51, P = 0.0815).

In the ‘Loring’ orchard, no significant differ-
ence was observed among the treatments in 2008 
(F3, 18= 0.70, P = 0.5615), but the treatment effect 
was significant in 2009 (F3, 18 = 3.13, P = 0.0514). In 
general, fewer adults emerged from the centipede 
grass treatment than from the remaining treat-
ments (Fig. 1B). The analysis also showed that 
location of the treatment plots within the ‘Loring’ 
orchard did not have any significant effect on the 
number of plum curculios that emerged from the 
treatments in 2008 (F2, 18 = 0.88, P = 0.4319) and 
2009 (F2, 18 = 2.37, P = 0.1216).

Occurrence of Other Arthropods in Treatment Plots. 

Although several insects were caught in the 
pitfall traps; we report those which have previ-

ously been shown to be important predators of 
plum curculio (Jenkins et al. 2006). In the un-
managed peach orchard, no significant differ-
ences were recorded among the treatments in the 
total number of arthropods in 2007 (F3, 9 = 2.48, P 
= 0.1584) and 2009 (F3, 9= 2.33, P = 0.1423) (Fig. 
1A). However, significant differences were record-
ed among the treatments in 2008 (F3, 9 = 14.86, 
P = 0.0008), with significantly fewer number of 
arthropods recorded in the weed free treatment 
than in the other treatments (Fig. 2A). In general, 
the highest number of arthropods was recorded 
in the weedy orchard treatment, while the low-
est number was always recorded in the weed free 
treatment.

In the ‘Loring’ orchard, significantly higher 
numbers of arthropods were recorded in the 
weedy orchard treatment than in the other treat-
ments in 2008 (F3, 9= 23.04, P = 0.0001) (Fig. 2B). 
However, no significant differences were recorded 
in 2009 (F3, 9 = 3.00, P = 0.0880), although fewer 
arthropods were recorded in the weed free treat-
ment (Fig. 2B). 

Greenhouse Study

Emergence of adults was not significantly dif-
ferent among the different weed management 
treatments in the greenhouse in the spring of 
2009 (F3, 12= 3.19, P = 0.0626) and the summer of 
2009 (F3, 28= 2.76, P < 0.0607). However, numeri-
cally fewer adults emerged from the centipede 
grass treatment in spring 2009 (Fig. 3), which 
was consistent with the field results.

disCussion

This research provides data from 3 yr of field 
studies combined with 2 greenhouse experi-
ments, which together suggest that plum curcu-
lio adult emergence can be influenced by the type 
of weed management practice adopted in peach 
orchards. Although not significant in many cas-
es, the centipede grass treatment consistently 
recorded fewer plum curculio adults in the field 
suggesting that planting of centipede grass, a 
warm season grass, in peach orchards, can po-
tentially reduce the development and adult 
emergence of the southern strain of plum curcu-
lio. Follow up experiments in the greenhouse, in 
which conditions were controlled, showed simi-
lar results.

The effects of orchard floor management prac-
tices on above and below ground arthropods, 
have been investigated in many agro-ecosystems 
(Altieri & Schmidt 1985; Russell 1989; Altieri & 
Letourneau 1982; Altieri 1992; Prokopy 1994; 
Hartwig & Ammon 2002; Tworkoski & Glenn 
2008), however, very little is known about the re-
sponse of the plum curculio and similar pests to 
orchard floor cultural practices.
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The identification of a mechanism mediating 
reduced emergence of plum curculio in centipede 
grass was beyond the scope of this study. However, 
one plausible hypothesis is that the dense rooting 
system of centipede grass physically obstructed ei-
ther the initial entry of the larvae into the soil or the 
emergence of the teneral adults from the soil. In-

deed, Bao & Hirata (2006) reported that centipede 
grass is superior to other species of grasses because 
it has a high ability to develop tillers and stolons 
(roots). Wood et al. (2009) also observed that the 
thicker and more tightly woven rooting system of a 
hybrid bermudagrass (‘Tifway’) served as physical 
barrier to oviposition of the Japanese beetle.

Fig. 1. Mean (± SE) percentage emergence of plum curculio from various weed management treatments in (A) 
an unmanaged mixed variety peach block and (B) unmanaged Loring peach block in Clanton, Alabama during 
2007-2009. Means within each year having no letter in common are significantly different (ANOVA, Tukey–Kramer 
HSD, P < 0.05).
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Our expectation that weed free or bare soil 
(weed removed with herbicides) treatment, the 
most common orchard floor practice in the re-
gion, would be the most favorable to plum cur-
culio emergence from the soil was supported by 
our data. Indeed we had expected that weed free 
orchard understory with the least plant cover for 
natural enemies would allow the highest survival 
of plum curculio larvae and pupae. Low survival 
of immature plum curculio in the soil was possi-
bly due to exposure to inclement and unfavorable 
conditions such as sunlight, excessive soil mois-
ture, as was the case in the greenhouse study in 
summer 2009. In fact, a comparison of soil tem-
peratures within weed free versus weedy (normal 
orchard weeds) treatments under the canopy, and 
at locations outside the canopy drip line, showed 
that soil temperatures beneath the canopy were 
conducive for plum curculio development. Our 
results therefore suggest that the common prac-
tice of maintaining bare soil surfaces under peach 
trees with the goal of minimizing crop losses as-
sociated with spring frosts (Roper 2004; Horton 
& Johnson 2005), may also favor plum curculio 
development and adult emergence.

The other arthropods were present in the test 
plots made noteworthy contributions, which were 
not statistically significant in most cases. If, as 
expected, these arthropods should have a nega-
tive effect on plum curculio survival in the soil, 
then their numbers should be higher in treat-
ments with reduced emergence of plum curculio 
and vice versa. This was supported by the data 
only in a few cases. For example, in the weed free 
treatments, fewer arthropods and higher emer-
gence of plum curculio were recorded, suggesting 
some contribution of these arthropods as preda-
tors of immature plum curculio (Mampe & Neun-
zig 1967; Jenkins et al. 2006).

Analysis of historic weather records in the 
study area also showed that precipitation was 
very variable (unpublished data) during the time 
that the plum curculio was in the soil, which 
suggests a possible effect of environmental fac-
tors on plum curculio development and the per-
formance of the treatments. The generally low 
level of emergence recorded in both the field and 
greenhouse studies suggests that immature plum 
curculios in the soil are highly prone to natural 
mortality factors.

In summary, given that losses of insecticides 
used to control plum curculio through FQPA (1996) 
restrictions will continue, and that pest manage-
ment systems will continue to become less reli-
ant on broad spectrum insecticides, research on 
cultural pest management practices, such as ma-
nipulation of the orchard habitat reported in this 
study, will become more important. Biologically-
based practices such as planting of centipede 
grass and either the enhancement or the release 
of predatory natural enemies or entomopatho-
gens could constitute an important component of 

Fig. 2. Mean (± SE) number of total arthropods re-
corded in (A) an unmanaged and (B) Loring peach or-
chards at Clanton, AL. during 2007 and 2009 peach 
seasons. Means within each year having no letter in 
common are significantly different (ANOVA, Tukey–
Kramer HSD, P < 0.05).

Fig. 3. Mean (± SE) percentage emergence of plum 
curculio adults in various weed management treat-
ments in the greenhouse. No significant differences 
were recorded (ANOVA, Tukey–Kramer HSD, P > 0.05), 
however plum curculio emergence was numerically 
lower in the centipede grass treatment in spring 2009.
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an integrated pest management program against 
the plum curculio (Mampe & Neunzig 1967; Jen-
kins et al. 2006). A better understanding of the 
mechanisms mediating our results is necessary 
and worthy of further investigation.

ACknowledgments

The authors gratefully acknowledge the support of 
the staff of Chilton County Research and Education Cen-
tre, particularly, that of the superintendent, Mr. James 
Pitts. We are also grateful to Mr. Henry Williams Jr., the 
grower at Clanton who generously provided part of his 
orchard for this work. Funds for this work were provided 
by USDA-Environmental Protection Agency to HYF.

ReFeRenCes Cited

Alston, d. g., And stARk, A. V. 2000. Plum curculio 
biology and distribution in Utah. Proc. Utah State 
Hort. Assn. Provo, UT. http://www.utahhort.org/
talks/2000/alston.htm. Accessed on 17 Jul 2012.

Akotsen-mensAh, C., boozeR, R. t., And FAdAmiRo h. y. 
2011. Field evaluation of reduced insecticide spray 
programs for managing plum curculio, Conotrach-
elus nenuphar (Coleoptera: Curculionidae), in Ala-
bama peaches. Pest Mgt. Sci. 67: 626-632.

Akotsen-mensAh, C. 2010. Ecology and management of 
plum curculio, Conotrachelus nenuphar (Coleoptera: 
Curculionidae) in Alabama peaches. PhD. dissertation 
submitted to Auburn University, Auburn, Alabama.

AltieRi, m. A., And whitComb, w. h. 1980. Weed manip-
ulation for insect pest management. Environ. Mgt. 
4: 483-489.

AltieRi, m. A., And letouRneAu, d. k. 1982. Vegetation 
management and biological control in agroecosys-
tems. Crop Prot. 1: 405-430. 

AltieRi, m. A., And sChmidt, l. l. 1985. Cover crop 
manipulation in Northern California orchards and 
vineyards: effects on arthropod communities. Biol. 
Agric. Hort. 3: 1224.

Amis, A. A., And snow, J. w. 1985. Conotrachelusne-
nuphar, pp. 227-235. In P. Singh and R. F. Moore 
[eds.], Handbook of Insect Rearing, Vol. I. Elsevier, 
New York.

Andow, d. A. 1991. Vegetational diversity and arthro-
pod population response. Annu. Rev. Entomol. 36: 
561-586.

bAo, g. z., And hiRAtA, m. 2006. Effects of defoliation fre-
quency on the development and establishment of a 
vegetatively planted turfgrass Eremochloa ophiuroi-
des (centipede grass). Trop. Grasslands 40: 102-110.

bRown, V. k., And gAnge, A. C. 1990. Insect herbivory 
below ground. Adv. Ecol. Res. 20: 1-58. 

bRown, m. w., And twoRkoski, t. 2004. Pest manage-
ment benefits of compost mulch in apple orchards. 
Agric. Ecosys. Environ. 103: 465-472.

ChApmAn, p. J. 1938. The plum curculio as an apple pest. 
NY Agric. Exp. Stn. Bull. 684: 75 pp.

elmoRe, C. l., meRVin, i., And Cudney, d. 1997. Weed 
management in tree fruit, nuts, citrus and vine 
crops, pp 17-29 In M. E. McGiffen [ed.], Weed Man-
agement in Horticultural Crops. ASHS Press, Alex-
andria, Virginia.

Food QuAlity pRoteCtion ACt. 1996. Law No. 104-170. 
U.S. Congressional Record, 142, 1489-1538. Wash-
ington, DC.

Foshee, w. g. III, goFF, w. d., pAtteRson, m. g., tilt, k. 
m., dozieR JR., w. A. tuCkeR, l. s., And bAnnon, J. s. 
1999. Organic mulches affect soil and leaf nutrient 
levels of young pecan trees. J. Arboricul. 25: 81-84. 

gAnnon, t. w., yelVeRton, F. h., And mCElRoy, J. s. 
2006. Allelopathic potential of centipede grass (Er-
emochloa ophiuroides). Weed Science 54: 521-525.

hARtwig, n. l., And Ammon, h. u. 2002. Cover crops and 
living mulches. Weed Science 50: 688-699.

hoRton, d. l., And ellis, h. C. 1989. Plum curculio In 
N S. C. Myers [ed.], Peach Production Handbook. 
169-170. Coop. Ext. Serv., Univ. Georgia, Athens, 
Georgia.

hoRton, d. l., And Johnson, d. (eds.) 2005. Southeast-
ern Peach Grower’s Handbook. Georgia Extension 
Handbook No. 1. 312 pp. http://www.ent.uga.edu/
Peach/peach_handbook/hbk.htm

Jenkins, d., mizell, R., shApiRo-ilAn, d., CottRell, t., 
And hoRton, d. 2006. Invertebrate predators and 
parasitoids of plum curculio, Conotrachelus ne-
nuphar (Herbst) (Coleoptera: Curculionidae) in the 
Southeast. Florida Entomol. 89: 435-440.

Johnson, d. t., muldeR, p. w., mCCRAw, b. d., lewis, b. 
A., JeRVis, b., CARRoll, b. l., And mCleod, p. J. 2002. 
Trapping plum curculio Conotrachelus nenuphar 
(Herbst) (Coleoptera: Curculionidae) in the south-
ern United States. Environ. Entomol. 31: 1259-1267.

mAmpe, C. d., And neunzig, h. h. 1967. The biology, 
parasitism, and population sampling of the plum 
curculio on blueberry in North Carolina. J. Econ. 
Entomol. 60: 807-812.

mAthews, C. R., bottRell, d. g., And bRown, m. w. 2004. 
Habitat manipulation of the apple orchard floor to 
increase ground-dwelling predators and predation 
of Cydia pomonella (L.) (Lepidoptera: Tortricidae). 
Biol. Control 30: 265-273.

mCClAnAn, m. e. g. 2002. Biochemical separation of 
geographical strains of plum curculio, Conotrach-
elus nenuphar (Herbst) (Coleoptera: Curculionidae), 
and evaluation of olfactory attractants in Virginia 
orchards. M.S. thesis, Virginia Polytechnic Institute 
and State University, Blacksburg.

mitChem, w. e., And pARkeR, m. l. 2005. Orchard-floor 
management in pecans (HIL 380). Raleigh: North 
Carolina Coop. Ext. Serv. http://www.ces.ncsu.edu/
depts/hort/hil/hil-380.html

mitChem, w. e. 2005. Weed Management Consider-
ations for Peach Orchards, Chapter 8 In Southeast-
ern Peach Growers’ Handbook. Univ. Georgia.

muldeR, p. g., mCCRAw, b. d., Reid, w., And gRAnthAm, 
R. A. 1997. Monitoring adult weevil populations in 
pecan and fruit trees in Oklahoma. Oklahoma State 
Univ. Ext. Facts F7190.

niggli, u. weibel, F. p., And gut, w. 1990. Weed control 
with organic mulch materials in orchards. Results 
from 8 yr field experiments. Acta Hort. (ISHS) 285: 
97-102.

noRRis, R. F., And kogAn, m. 2005. Ecology of interac-
tions between weeds and arthropods. Annu. Rev. 
Entomol. 50: 479-503.

noRRis, R. F., And kogAn, m. 2000. Interactions between 
weeds, arthropod pests, and their natural enemies in 
managed ecosystems. Weed Sci. 48: 94-158.

pRokopy, R. J. 1994. Integration in orchard pest and 
habitat management: a review. Agric. Ecosys. Envi-
ron. 50: 1-10.

RopeR, t. R. 2004. Orchard-floor management for tree 
fruits. Univ. Wisconsin Coop. Ext. Serv. http://or-



 Akotsen-Mensah et al.: Influence of Orchard Weed Management on Plum Curculio 889

chard.uvm.edu/uvmapple/hort/AppleHortBasics/
Readings/WI_groundcover.pdf

RisCh, s. J., Andow, d., And AltieRi, m. A. 1983. Agro-
ecosystem diversity and pest control: data, tentative 
conclusions, and new research directions. Environ. 
Entomol. 12: 625-629.

Russell, e. p. 1989. Enemies hypothesis: a review of the 
effect of vegetational diversity on predatory insects 
and parasitoids. Environ. Entomol. 18: 95-124.

twoRkoski, t. J., And glenn, d. m. 2008. Orchard floor 
management systems, pp. 332-351 In D. Layne and 
D. Bassi [eds.], The peach: botany, production and 
uses. CABI Intl. 

wood, t. n., RiChARdson, m., potteR, d. A., Johnson, d. 
t., wiedenmAnn, R. n., And steinkRAus, d. C. 2009. 
Ovipositional preferences of the Japanese beetle 
(Coleoptera: Scarabaeidae) among warm- and cool-
season turfgrass species. J. Econ. Entomol. 102: 
2192-2197.

zhAng, X. 2007. Biogeography and biosystematics of plum 
curculio, Conotrachelus nenuphar (Herbst) -Wolbachia 
interactions. Ph.D. Diss. Virginia Polytechnic Institute 
and State University, Blacksburg. http://scholar.lib.
vt.edu/theses/available/ -173151/unrestricted/disserta-
tion_xing.pdf. Accessed 17 Jul 2012.


