
1Scientific RepoRtS |         (2019) 9:14860  | https://doi.org/10.1038/s41598-019-50521-5

www.nature.com/scientificreports

organic mulches reduce crop attack 
by sweetpotato weevil (Cylas 
formicarius)
Mudassir Rehman1, Jian Liu1,2, Anne c. Johnson1,2, taiwo esther Dada1 & Geoff M. Gurr1,2,3,4,5

Mulching with organic materials is a management practice with long history for weed suppression, soil 
water conservation and erosion control. its potential impact on crop pests is less well explored. Here we 
report its utility for reducing crop damage by the serious pest, sweetpotato weevil (Cylas formicarius). 
Laboratory bioassays measured the response of adult female weevils to sweetpotato storage roots 
beneath mulches of fresh or dried plant materials. Weevils were significant repelled by fresh basil, 
catnip, basil lime and dry eucalyptus, cypress, lucerne and sugarcane. A subsequent field study found 
that mulches of dry cypress, eucalyptus and lucerne reduced movement of weevils from a release 
point to reach sweetpotato plants and lowered level of damage to storage roots. Results demonstrate 
that mulching with organic materials merits further testing as part of the integrated management 
of sweetpotato weevil, particularly to protect developing storage roots during dry periods when soil 
cracking can facilitate access by pests.

Mulches are defined as organic or synthetic materials that are applied as a cover to the soil surface and are widely 
used in various agricultural systems1. Mulches can suppress weeds, conserve soil moisture and reduce erosion 
but those consisting of organic materials offer an additional range of potential benefits. These include enhancing 
soil organic matter and associated soil biological activity, soil nutrient status, and moderated soil temperature1,2. 
Much less well explored is the potential of mulches to contribute to pest suppression via phenomena such as con-
stituting a physical barrier to pest access to vulnerable crop parts, or making host plant detection more difficult by 
virtue of the chemical composition and volatile production by mulch material3.

Sweetpotato weevil, Cylas formicarius (Coleoptera: Apionidae), is globally the most destructive pest of sweet-
potato, Ipomoea batatas4,5. Adult C. formicarius feed on sweetpotato foliage and the larvae damage stems but the 
most serious impact results from larval attack to the storage roots that are the harvested commodity. Direct feed-
ing damage to the storage roots is compounded by the plant producing defensive sesquiterpenes that make the 
roots strongly distasteful, as well as by promoting damage by fungi and bacteria6. Losses to weevils are especially 
severe under dry seasons when soil cracking makes access to the roots easier for gravid females7. Storage roots 
may also be exposed to pest attack when their swelling, possibly combined with soil erosion from rainfall, leads 
to the cover of soil being breached. Sweetpotato weevil adults have limited capacity to dig through the soil8 so, in 
the absence of these conditions, they can reach storage roots only with difficulty. Though C. formicarius adults are 
known to fly, dispersal is chiefly via the use of infected planting material or by adult weevils walking from infested 
crops to newly planted nearby areas9. Accordingly, preventing the initial movement of C. formicarius into a crop 
and minimising subsequent access to storage roots are key to managing this pest4,10.

Insecticides, the use of pathogen tested planting material, and trapping with sex pheromones are used with 
success in sweetpotato productions systems in developed countries but are less available or affordable in devel-
oping countries where it is necessary to develop low-cost approaches4,11, potentially including pest-deterring 
mulches of locally-available materials. Even developed countries may benefit from the availability of new methods 
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to lessen reliance on costly inputs and slow the development of insecticide resistance. Mulches have previously 
been used in sweetpotato cropping to suppress weeds, provide nitrogen, minimise soil erosion, encourage bene-
ficial insects11,12 and to reduce pest attack7.

The aim of the present study was to explore a range of organic mulch treatments to determine their potential 
utility for sweetpotato weevil management, specifically by preventing their movement through layers of mulch 
and reducing levels of infestation achieved in storage roots. Initial laboratory screening of mulch treatments were 
designed to address two scenarios of field use by farmers. First, the application of mulch over partially exposed 
storage roots with the control treatment consisting of storage root covered by potting mix. This control reflected 
the farmer manually cultivating the field soil to repair cracks whilst the mulch treatments represented the less 
laborious application of mulch to cracked areas. The second study compared mulches with a control in which 
the storage root remained partially exposed. This reflected the farmer not cultivating to repair cracked soil and 
compared the mulch treatments with this ‘no-action’ scenario. A smaller number of mulch treatments was subse-
quently evaluated in small field plots, again with covered and uncovered storage root fragments to address both 
management scenarios.

Methods
insect and plant materials. Cylas formicarius were collected from farms in Cudgen, New South Wales 
and Bundaberg Queensland as immatures within infested storage roots and supplemented by adult males 
caught using sex-pheromone traps. A laboratory colony was maintained at the Orange campus of Charles Sturt 
University (33.2465°S, 149.1173°E) using growth chambers ran at 26 °C ± 2 °C, 60 ± 5%RH, 12:12L:D photo-
period. Insects were supplied with supermarket-purchased sweetpotato storage roots that were replaced on a 
weekly basis. Infested sweetpotatoes were kept in separate containers to give specific cohorts of emerging adults. 
Females were discriminated from males based on antennal morphology and only these were used in experiments. 
Preliminary studies identified a need to move adult females from the high density rearing/emergence vessels for 
a period of 24 hours in lower density vessels in order for them to exhibit biologically faithful responses to various 
plant stimuli. Without this measure, females exhibited very strong dispersal irrespective of external conditions. 
Accordingly we use a protocol that took cohorts of females 10–15 days after eclosion and held these under low 
density conditions without food for 24 h at 26 °C ± 2 °C prior to use in all studies.

The mulch materials used were selected based on a literature review that indicated their likely production of 
compounds with activity against herbivore Coleoptera13–18. Each was either (i) a potential secondary crops that 
could be cultivated in conjunction with sweetpotato so that crop residues or excess plants (e.g., thinnings, prun-
ings) could be used as mulch or (ii) organic materials that are likely to be cheaply available or readily produced 
locally.

Potential secondary crops that were tested as freshly chopped fragments were: spring onion (Allium fistulosum 
L.), basil (Ocimum basilicum L.), catnip (Nepeta cataria L.), chilli (Capsicum annuum L), lime basil (Ocimum 
americanum, L.), tobacco (Nicotiana tabacum L.), oregano (Origanum vulgare L.), French lavender (Lavandula 
stoechas L.), white onion (Allium cepa L.), lemongrass (Cymbopogon citratus (DC.) Stapf), marigold (Tagetes 
patula L.), Mexican sunflower (Tithonia rotundifolia (Mill.) S.F. Blake) and spearmint (Mentha spicata L.). Dried 
mulch materials were: sugarcane (Saccharum officinarum L.), lucerne (Medicago sativa L.), wheat straw (Triticum 
aestivum L.), eucalyptus (Eucalyptus albens Benth.) and cypress (Cupressus × leylandii A. B. Jacks. & Dallim).

Fresh materials were purchased as live plants from a plant nursery (Thompson’s Garden Centre, Orange, New 
South Wales). The mulch was prepared by chopping all aboveground plant parts into 2–3 cm long pieces with 
clean scissors. Dry mulch materials, lucerne (Oreco Group, Organic Lucerne Mulch), sugarcane (Oreco Group, 
Sweet Garden Organic Sugar Cane Mulch), eucalyptus (ANL, Eucy Mulch) and cypress (Ki-Carma, Cypress 
Mulch) were purchased from Bunnings Warehouse (Orange, New South Wales) and used directly from the pack 
in their original, proprietary form. Wheat straw was purchased as a bale from Mullion Produce (Orange, New 
South Wales). An additional treatment of whole fresh cabbage leaves was included in the field experiment and this 
used freshly-collected plants from the University farm.

Laboratory screening of mulches. The mulch materials were divided into groups for testing: Group 
A (spring onion, sugarcane and lucerne); Group B (basil, catnip and chilli); Group C (lime basil, tobacco and 
oregano); Group D (French lavender, white onion and lemongrass); Group E (marigold, Mexican sunflower and 
spearmint); Group F (wheat straw, eucalyptus and cypress).

The initial screening of the mulch materials was carried out in multiple-choice test mesocosms made with 
plastic plant pots, 31 cm in diameter, and 26 cm in depth. The pots were half -filled with proprietary potting mix 
(Osmocote Professional Premium Plus Potting Mix, from Bunnings Warehouse, Orange, New South Wales), 
then a 90 mm diameter Petri dish base placed centrally on the potting mix surface of each. The area surrounding 
the Petri dish was then divided into four, equal sized quadrants. In the centre of each quadrant, a 50 g (±10 g) 
piece of sweetpotato storage root was positioned on the potting mix surface. This was then covered by one of the 
mulch materials, with the fourth quadrant as control. The first type of control left the root fragment uncovered 
to simulate exposure of storage roots in cracked field soil. The second type of control covered the root fragment 
with 2 cm of potting mix to approximate field conditions in which soil cover had been retained over developing 
storage roots.

Each group was replicated 3 or 4 times with the uncovered control and 3 or 4 times with the covered con-
trol. Mulches were applied to a 2 cm depth. Forty naive adult female C. formicarius were placed in each cen-
tral Petri dish at around 3 pm and allowed to disperse into each of the equidistant mulch treatments. A Fluon 
(INSECT-A-STOP, Queensland) barrier was applied to the top edge of pots to prevented escape from mesocosms. 
After 24 hours, each piece of sweetpotato storage root was visually inspected and the number of weevils and feed-
ing holes were recorded.
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field testing of mulches. Mulch materials of lucerne, sugarcane, eucalyptus, cypress, wheat straw and cab-
bage leaves were selected for field testing. An area of grassland on the university campus farm, which does not 
have sweetpotato weevil, was cultivated to prepare four round blocks, each 2 metres in diameter and 2 metres 
apart. Each block was surrounded by a 60-cm-tall black plastic barrier (Whites Recycled Garden Edging), the 
base of which was sunk into the soil to prevent passage of weevils. Each of the four blocks was divided into 7 
equal-sized wedges-shaped plots, with the central area as the weevils release point (Fig. 1). Within each plot, three  
soil mounds, each 15 cm-tall and 25 cm in dimeter, were formed using hand tools. Accordingly, each block had 
21 mounds with seven forming a ring in the inner part of the block and equidistant form the weevil release site. 
The remaining 14 mounds made up an outer ring (Fig. 1). Sweetpotato plants were transplanted singly into each 
mound at the end of January 2018. The control plot in each block had bare soil. Thereafter, plots were watered and 
hand weeded twice a week. Six weeks later, shop-purchased sweetpotato storage roots were selected with compa-
rable size (each 200 ± 50 gram) and placed in plots. At this time, mulch materials were applied, one treatment to 
each plot, to a depth of 3 to 5 cm. A piece was placed either side of the inner sweetpotato plant, one fully covered 
by the existing mulch and a second piece sunk into the mulch but with the upper surface exposed. In the outer 
part of each plot, the two pieces of storage root were positioned equidistant between the two sweetpotato plants, 
one fully covered and one partly exposed. This method was adopted to assess the effects of mulching on two types 
of behaviour by the weevil: (i) lateral movement over the mulch surface to reach uncovered storage root, and (ii) 
vertical movement through the mulch layer to reach storage root covered by mulch after travelling laterally. In the 
control treatment where no mulch material was applied, field soil was used to partially or fully cover the storage 
roots. The mulch materials were given 24 h to settle before 140 adult female C. formicarius were released into the 
centre of each block.

Initial Assessment was done two days after weevil release. Sweetpotato foliage was visually inspected and the 
number of weevils present on the leaves and stems of each plant were recorded. All storage roots were visually 
inspected for weevils, then removed to the laboratory for inspection of feeding holes.

Immediately after the initial assessment, two new pieces of storage root were placed in each plot, one beside 
the sweetpotato plant in the inner ring and one between the two sweetpotato plants on the outer ring. These were 
fully covered with mulch except in the control treatment (no mulch) where storage roots were left uncovered.

Second Assessment was conducted 10 days after the weevil release. Sweetpotato foliage and storage roots were 
inspected for the presence of weevils a second time. The storage root pieces were removed to be inspected for 
feeding holes in the laboratory.

Statistical analyses. Analysis of variance (ANOVA) and LSD test were conducted to compare the effect of 
mulch treatments on number of weevils reaching the sweetpotato and number of feeding holes using software 
IBM-SPSS. In the laboratory studies, the mesocosms of each control type were analysed separately. In the field 
study, a GLM univariate analysis of variance was conducted on the influence of three independent variables, 
mulch treatment, and distance from the central release area of weevils and whether or not the storage root frag-
ment was covered. Figures were generated using Microsoft 2013 excel and package ggplot2 in R version 3.4.419.

Figure 1. Illustration of multiple-choice test field design. Each block was 2 m in diameter with a central release 
point for weevils, surrounded by one plot of each mulch treatment. Plots each contained three sweetpotato 
plants illustrated in solid circles, one in the inner ring and two in the outer ring.
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Results
Laboratory screening of mulches. Experimental treatments had large and statistically significant effects 
on numbers of C. formicarius and incidence of their feeding holes on sweetpotato storage root pieces. Weevil 
numbers were low (0 been observed) in the control consisting of root pieces covered by potting mix, and sig-
nificantly elevated, to >9 weevils per root fragment, by spring onion, chilli, oregano, lemon grass, marigold and 
wheat straw (Fig. 2). In the study in which the control had uncovered storage root pieces, relatively large numbers 
of weevils (between 4 and 16) were present on the storage root pieces and significant reductions (to <3) were 
evident in treatments of spring onion, sugarcane, lucerne, basil, catnip, basil lime, spearmint, eucalyptus and 
cypress (Fig. 3).

Numbers of weevil feeding holes on sweetpotato storage root fragments followed a broadly similar trend to 
the foregoing results for weevil numbers. In the covered root control (Fig. 2), <5 holes were recorded per root 
fragment but this rose significantly, to >100, in treatments of spring onion, chilli, oregano, lemongrass, marigold 
and wheat straw. This demonstrated that no mulch treatments gave weevil control that was more effective than 
covering storage roots with soil and that some mulches exacerbated damage.

For the study comparing mulches with an exposed fragment of storage root, numbers of feeding holes were 
high in the control, falling between 121 and 369. In contrast, significant reductions, less than 48 feeding holes, 
were evident for mulch treatments spring onion, sugarcane, lucerne, basil, catnip, basil lime, tobacco, laven-
der, marigold, Mexican sunflower, spearmint, eucalyptus and cypress. This demonstrates that a majority of the 
mulches tested gave significant levels of protection to exposed storage roots compared with a scenario of the 
farmer not having the time or labour to manually cover the exposed roots with soil.

Figure 2. Effect of mulch materials in protecting sweetpotato storage root (Control covered by potting mix) 
(laboratory screening of mulches). (*means p < 0.05 when compared to control within the group; **means 
p < 0.01 when compared to control within the group).
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In the first group of mulches when the piece of sweetpotato was left uncovered a significantly higher number 
of weevils and feeding holes were found on the control (no mulch) treatment. However, when the sweetpotato 
piece was buried in the potting mix the piece of sweetpotato under the spring onion was the least successful in 
masking the sweetpotato and attracted the highest number of weevils. There was no differences in the number of 
feeding holes for any of the treatments spring onion, sugarcane, lucerne or control when the control was covered 
(Fig. 2).

field testing of mulches. Reflecting the earlier laboratory results, mulches had strong effects on wee-
vils under field conditions. Numbers of weevils on the foliage of sweetpotato plants was reduced by all mulch 
treatments, irrespective of the distance of plants from the central release zone (Fmulch(6,42) = 3.4, p < 0.01; 
Fdistance(1,42) = 0.2, p < 0.7) (Fig. 4). This response variable did not, however, consistently agree with the more eco-
nomically important variables of numbers of weevils reaching storage roots and levels of damage. Weevil num-
bers on storage root fragments were significantly affected by mulch treatment and distance (Fmulch(6,84) = 4.9, 
p < 0.001; Fdistance(1,84) = 13.8, p < 0.001) with lower numbers in the outer distance and for the mulches 
lucerne, sugarcane, eucalyptus and cypress mulches (Fig. 5). For numbers of feeding holes, the same variables 
as well as whether the storage root was covered or not, all had significant effects ((Fmulch(6,84) = 9.5, p < 0.001; 
Fdistance(1,84) = 29.8, p < 0.001; Fcover (1,84) = 7.2, p < 0.01). Numbers of holes in the inner distance were very 
much higher than in outer distance and here damage was greater in the control, wheat straw and cabbage treat-
ments with damage also tending to be higher for unexposed storage root fragments (Fig. 6).

For the second assessment, the weevils distribution was significantly affected by mulch treatment, with few 
present on storage roots covered by lucerne, sugarcane, eucalyptus or cypress mulches (Fmulch(6,42) = 5.0,p < 0.01) 
(Fig. 7). Compared with the earlier assessment date, relatively large numbers of weevil feeding holes were evi-
dent on storage roots in the outer zone of plots. Notwithstanding this, feeding damage was significantly greater 
to storage roots in the centre part of each plot (Fdistance(1,42) = 12.5, p < 0.01) (Fig. 8). For this variable also, 
mulch treatment also had an effect (Fmulch(6,42) = 4.4, p < 0.01) such that lucerne, eucalyptus and cypress mulches 

Figure 3. Effect of mulch materials in protecting sweetpotato storage root (Control uncovered by potting mix) 
(laboratory screening of mulches). (*means p < 0.05 when compared to control within the group; ** means 
p < 0.01 when compared to control within the group).
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Figure 4. Effect of mulch on weevils’ movement towards sweetpotato foliage at initial assessment in the field 
test.

Figure 5. Effect of mulch on weevils’ movement towards sweetpotato storage root at initial assessment in the 
field test.

Figure 6. Effect of mulch on weevils’ feeding damage on sweetpotato storage root at initial assessment in the 
field test.

Figure 7. Effect of mulch on weevils’ movement towards sweetpotato storage root at 2nd assessment in the field 
test.
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significantly reduced the number of weevils reached sweetpotato storage root compared to control treatment. 
Cabbage leaf and, especially, wheat straw and mulches afforded a poor level of protection to sweetpotato roots.

Discussion
Mulches of 9 of the 18 types of plant material tested in the initial laboratory screen exhibited protective effects 
for sweetpotato against C. formicarius. Among the six treatments subsequently tested under field conditions, four 
provided significant levels of control of weevil colonisation of the crop and reduced feeding damage. This high 
incidence of biologically active plant species in both studies is of practical significance because it suggests that 
future testing of the plant materials that are readily and cheaply available to growers in a given region are likely to 
reveal a number of suitable candidate mulches with protective properties.

Mulches of synthetic material or of living or dead plant material are widely used in agriculture for a number 
of purposes, most commonly weed suppression and water conservation. This level of prior acceptance is likely to 
predispose farmers to be prepared to adopt mulches to serve a wider range of functions including pest manage-
ment. In sweetpotato production, straw or plastic mulches have been used to reduce weed growth and extend the 
season in cooler climates20 and there has been one study suggesting utility against a congeneric of the species we 
studied, C. puncticollis7. In that African field study, freshly harvested, dried, chopped aerial parts of elephant grass 
(Panicum maximum) were applied to plots at 0, 1, 3 and 5t/ha. Mulching intensity was significantly and inversely 
associated with pest infestation rate of C. puncticollis and led to higher storage root yields. Though the present 
study did not include elephant grass, the apparent repellence of several of the mulches tested and reductions in 
feeding hole numbers are consistent with the effects reported by Mansaray et al.7. The Poaceae species tested in 
the present study, sugarcane, lemongrass and wheat straw, had inconsistent effects on C. formicarius, suggesting 
that taxonomic identity of the plant from which mulch material is sourced is likely to be less important as a pre-
dictor of efficacy than specific plant traits. Among the traits most likely to be key to efficacy in pest management 
is the chemical composition, particularly the production of volatiles. Indeed most of the plant materials showing 
effects in the present study were – to human perception – strongly smelling. Significantly, however, the diversity 
of plants that yielded efficacious mulches suggests that there is no single class of volatile compounds responsible 
for the observed effects on C. formicarius.

There is little information available on the chemistry of Cupressus × leylandii, the source of the cypress mulch 
that was effective in laboratory and field studies but it is anecdotally repellent to termites (http://www.cypress-
mulch.com.au/). Members of the genus reportedly have pinene- and -myrcene-rich terpeneoid volatiles21,22 that 
have widely-reported repellent effects on arthropods23 that are likely to be key to the effects observed on C. for-
micarius. Mulch of Eucalyptus albens was potent in laboratory and field tests and the members of this genus are 
known to produce volatile terpenes with activity against arthropod pests24,25. The sugarcane mulch tested in the 
present study was produced from leaves and tops rather than being the ‘bagasse’ by product of sugar processing. 
Though the plant nutrient composition of this material has been studied26 and insecticidal properties reported 
from lignin emulsion extracted from sugarcane waste27, there is no available information on the volatiles that are 
likely to be responsible for effects on C. formicarius in the present study. For lucerne hay, the fourth mulch mate-
rial exhibiting potency in the present laboratory and field studies, a total of 147 peaks was reported in GC-MS 
studies of livestock feeding preferences28. That study did not seek to identify the compounds responsible for the 
GC-MS peaks and there is a lack of other studies of this topic. Among the species that were active in the labo-
ratory studies, basil has previously been reported as useful suppressing other pests and is considered a useful 
companion plant due to the volatile is produces29–31. There is, however, no literature on its effects on pests when 
used as a mulch.

Sweetpotato weevil responses to volatiles are known to vary according to chemical composition32,33. The fore-
going brief overview of the volatiles of the mulches with efficacy against C. formicarius illustrates that much 
further work needs to be conducted to establish a knowledge of the chemistry of mulches and to link this with 
results from behavioural studies of this species and other target pests of interest. Key to this is establishing the 
concentration and identity of volatile compounds in various types of mulches for this will affect the duration of 
effect after a mulch is applied. A short period of efficacy reflecting, for example, highly volatile active compounds, 
may not preclude utility in use against C. formicarius if application coincides with a period of high levels of crop 
protection such as during a drought when soil cracking becomes serious.

Figure 8. Effect of mulch on weevils’ feeding damage on sweetpotato storage root at 2nd assessment in the field 
test.
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A wider range factors is likely to affect the net effect of mulches on pest management. Mulch application 
may lead to microclimatic changes within the crop canopy and to the soil as well as within the mulch itself and 
these could encourage natural enemies. In apples, for example mulch treatments including composted poultry 
manure led to lower soil temperature and higher soil moisture levels as well as an increase in edaphic detritivores 
and predators28. Cover crops that remain on soil surface after dying off, effectively resulting in a cover of mulch, 
increase the structural complexity of the soil surface and – combined with other factors – can lead to greater 
abundance of natural enemy species and lower abundance of pests34. The organic matter in mulches can enhance 
natural enemies independent of effects on physical structure and microclimate by promoting the densities of 
detritivore prey available to generalist predators, an effect that can translate into enhanced control of the focal 
pest is systems such as rice35,36. Cypress mulch has also been shown to promote predatory insects which in turn 
reduces insect pest incidence37. The addition of organic matter can also have a more general promoting effect 
on soil invertebrate biodiversity, for example sugarcane promoting ants and earthworms38,39. More widely, the 
presence of organic matter can have an effect on entomopathogens through protection from desiccation or ultra-
violet light, an effect evident for the persistence of the entomopathogenic nematode, Steinernema carpocapsae, 
in plots of soybean36. Entomopathogenic nematodes of sweetpotato weevil are known40 therefore mulches could 
potentially be used to promote these. A further, potential beneficial effect of mulches is that the organic matter 
can promote entomopathogenic fungi by serving as substrate41. It is important to note that the foregoing, natural 
enemy-mediated effects were not operable in the present laboratory studies and were unlikely to have been signif-
icant in the subsequent field study. They do, however, need to be considered in future field evaluations.

A final set of factors that favour the potential value of organic mulches in sweetpotato production systems 
relate to broader agronomic issues. Stone et al.42 reported sweetpotato yields were promoted by a treatment 
involving a killed cover crop of vetch, with this likely to have resulted from the resulting mulch layer reducing 
soil temperature and promoting the development and bulking of storage roots42–44. Further, the decomposition of 
the organic matter in mulches adds nutrient to the soil4,45,46. Sweetpotato is not a good competitor of early season 
weeds45 and smallholder farmers often hand weed at this stage47, therefore mulches can help suppress weeds with 
the extra labour required to collect and apply the mulch offset by reduced need for labour to weed the crop.

References
 1. Chalker-Scott, L. Impact of mulches on landscape plants and the environment—a review. Journal of Environmental Horticulture 25, 

239–249 (2007).
 2. Cook, H. F., Valdes, G. S. B. & Lee, H. C. Mulch effects on rainfall interception, soil physical characteristics and temperature under 

Zea mays L. Soil and Tillage Research 91, 227–235, https://doi.org/10.1016/j.still.2005.12.007 (2006).
 3. Hue, S.-M. & Low, M.-Y. An insight into sweet potato weevils management: A review. Psyche: A Journal of Entomology 2015 (2015).
 4. Johnson, A. C. & Gurr, G. M. Invertebrate pests and diseases of sweetpotato (Ipomoea batatas): a review and identification of 

research priorities for smallholder production. Ann Appl Biol 168, 291–320, https://doi.org/10.1111/aab.12265 (2016).
 5. Chalfant, R. B., Jansson, R. K., Seal, D. R. & Schalk, J. M. Ecology and management of sweet potato insects. Annual Review of 

Entomology 35, 157–180, https://doi.org/10.1146/annurev.en.35.010190.001105 (1990).
 6. Sutherland, J. Damage by Cylas formicarius Fab. to sweet potato vines and tubers, and the effect of infestations on total yield in Papua 

New Guinea. International Journal of Pest Management 32, 316–323 (1986).
 7. Mansaray, A., Sundufu, A., Moseray, M. & Fomba, S. Sweet potato weevil (Cylas puncticollis) Boheman infestation: Cultivar 

differences and the effects of mulching. The Open Entomology Journal 9, 7–11, https://doi.org/10.2174/1874407901509010007 
(2015).

 8. Van Wijmeersch, P. In Food Security for Papua New Guinea. Proceedings PNG Food and Nutritoin 2000 Conference. (eds Bourke, R. 
M., Allen, M. G. & Salisbury, J. G.) 674–682 (Australian Centre for International Agricultural Research, 2001).

 9. Sar, S. A. In 2nd PNG Plant Protection Conference (ed. Price, T. V) 31–35 (Australian Centre for International Agricultural Research, 
2006).

 10. Sato, K. & Uritani, I. Factor causing terpene induction in sweet potato roots extracted form the West Indian sweet potato weevil 
Euscepes posrfasciatus Fairmaire (Coleoptera: Curculionidae). Applied Entomology and Zoology 13, 227–228 (1978).

 11. Jackson, D. M. & Harrison, H. F. Effects of a killed-cover crop mulching system on sweetpotato production, soil pests, and insect 
predators in South Carolina. Journal of Economic Entomology 101, 1871–1880, https://doi.org/10.1603/0022-0493-101.6.1871 
(2008).

 12. Daryanto, S., Fu, B., Wang, L., Jacinthe, P.-A. & Zhao, W. Quantitative synthesis on the ecosystem services of cover crops. Earth-
Science Reviews 185, 357–373, https://doi.org/10.1016/j.earscirev.2018.06.013 (2018).

 13. Mwangangi, B. M. & Mutisya, D. L. Performance of basil powder as insecticide against Maize Weevil, Sitopillus zeamais (Coleoptera: 
Curculionidae). Discourse Journal of Agriculture and Food Sciences 1, 196–201 (2013).

 14. Denloye, A. A. Bioactivity of powder and extracts from garlic, Allium sativum L.(Alliaceae) and spring onion, Allium fistulosum 
L.(Alliaceae) against Callosobruchus maculatus F.(Coleoptera: Bruchidae) on cowpea, Vigna unguiculata (L.) Walp (Leguminosae) 
seeds. Psyche: A Journal of Entomology 2010 (2010).

 15. Lale, N. Oviposition-deterrent and repellent effects of products from dry chilli pepper fruits, Capsicum species on Callosobruchus 
maculatus. Postharvest Biology and Technology 1, 343–348 (1992).

 16. Roxas, A. Repellency of different plants against flea beetle Phyllotreta striolata (Chrysomelidae, Coleoptera) on pechay Brassica 
pekinensis. Philippine Entomologist (Philippines) (2009).

 17. Bohinc, T., Vayias, B., Bartol, T. & Trdan, S. Assessment of insecticidal efficacy of diatomaceous earth and powders of common 
lavender and field horsetail against bean weevil adults. Neotropical entomology 42, 642–648 (2013).

 18. Ahmad, F. et al. Comparative insecticidal activity of different plant materials from six common plant species against Tribolium 
castaneum (Herbst)(Coleoptera: Tenebrionidae). Saudi Journal of Biological Sciences (2018).

 19. R Core Team. (Vienna, Austria., R Foundation for Statistical Computing, 2018).
 20. Shaw, S. & James, T. In Agronomy New Zealand 2007 Vol. 37 Proceedings of the Agronomy Society of New Zealand 45-+ (2007).
 21. Hassanpouraghdam, M. B. α-Pinene-and β-myrcene-rich volatile fruit oil of Cupressus arizonica Greene from northwest Iran. 

Natural product research 25, 634–639 (2011).
 22. Lohani, H., Gwari, G., Andola, H. C., Bh, U. & Chauhan, N. ?-pinene rich volatile constituents of Cupressus torulosa D. don from 

Uttarakhand Himalaya. Indian journal of pharmaceutical sciences 74, 278 (2012).
 23. Lucia, A. et al. Validation of models to estimate the fumigant and larvicidal activity of Eucalyptus essential oils against Aedes aegypti 

(Diptera: Culicidae). Parasitology research 110, 1675–1686 (2012).
 24. Üstüner, T., Kordali, Ş., Bozhüyük, A. U. & Kesdek, M. Investigation of Pesticidal Activities of Essential Oil of Eucalyptus 

camaldulensis Dehn Tamer Üstüner, Şaban Kordali, Ayşe Usanmaz Bozhüyük and Memiş Kesdek. Rec Nat Prod 12, 557 (2018).

https://doi.org/10.1038/s41598-019-50521-5
https://doi.org/10.1016/j.still.2005.12.007
https://doi.org/10.1111/aab.12265
https://doi.org/10.1146/annurev.en.35.010190.001105
https://doi.org/10.2174/1874407901509010007
https://doi.org/10.1603/0022-0493-101.6.1871
https://doi.org/10.1016/j.earscirev.2018.06.013


9Scientific RepoRtS |         (2019) 9:14860  | https://doi.org/10.1038/s41598-019-50521-5

www.nature.com/scientificreportswww.nature.com/scientificreports/

 25. Filomeno, C. A. et al. Corymbia spp. and Eucalyptus spp. essential oils have insecticidal activity against Plutella xylostella. Industrial 
crops and products 109, 374–383 (2017).

 26. Haigler, B. E., Wallace, W. H. & Spain, J. C. Biodegradation of 2-nitrotoluene by Pseudomonas sp. strain JS42. Appl. Environ. 
Microbiol. 60, 3466–3469 (1994).

 27. Khanam, L. M., Talukder, D. & Hye, M. Toxic and repellent action of sugarcane bagasse-based lignin against some stored grain insect 
pests. University Journal of Zoology, Rajshahi University 25, 27–30 (2006).

 28. Pain, S. J. Identifying nutritive, physical and volatile characteristics of oaten and lucerne hay that affect the short-term feeding 
preferences of lactating Holstein Friesian cows and Thoroughbred horses (2008).

 29. Beizhou, S. et al. Temporal dynamics of the arthropod community in pear orchards intercropped with aromatic plants. Pest 
management science 67, 1107–1114, https://doi.org/10.1002/ps.2156 (2011).

 30. Carvalho, M. G., Bortolotto, O. C. & Ventura, M. U. Aromatic plants affect the selection of host tomato plants by Bemisia tabaci 
biotype B. Entomol Exp Appl 162, 86–92, https://doi.org/10.1111/eea.12534 (2017).

 31. Ben Issa, R., Gautier, H., Costagliola, G. & Gomez, L. Which companion plants affect the performance of green peach aphid on host 
plants? Testing of 12 candidate plants under laboratory conditions. Entomol Exp Appl 160, 164–178, https://doi.org/10.1111/
eea.12473 (2016).

 32. Samantaray, T. & Korada, R. R. Electrophysiological and behavioural responses of sweetpotato weevil, Cylas formicarius Fab. to 
sweetpotato varieties. CURRENT SCIENCE 111, 895–900 (2016).

 33. Starr, C. K., Seversonx, R. F. & Kays, S. J. 12. Volatile Chemicals from Sweet Potato and Other Ipomoea: Effects on the Behavior of 
Cylas formicarius. Sweet potato pest management: a global perspective, 235 (1991).

 34. Bryant, A., Coudron, T., Brainard, D. & Szendrei, Z. Cover crop mulches influence biological control of the imported cabbageworm 
(Pieris rapae L., Lepidoptera: Pieridae) in cabbage. Biological Control 73, 75–83, https://doi.org/10.1016/j.biocontrol.2014.03.012 
(2014).

 35. Settle, W. H. et al. Managing tropical rice pests through conservation of generalist natural enemies and alternative prey. Ecology 77, 
1975–1988 (1996).

 36. Shapiro, D. I. & Lewis, E. E. Comparison of entomopathogenic nematode infectivity from infected hosts versus aqueous suspension. 
Environmental Entomology 28, 907–911 (1999).

 37. Jordan, K. K. & Jones, S. C. Invertebrate fauna associated with mulch in urban environments. In Proceedings of the 4th International 
Conference on Urban Pests. Pocahontas Press, Blacksburg, Citeseer. 87–94 (2002).

 38. Wood, A. W. Management of crop residues following green harvesting of sugarcane in north Queensland. Soil and Tillage Research 
20, 69–85 (1991).

 39. Leal, M. R. L. et al. Sugarcane straw availability, quality, recovery and energy use: a literature review. Biomass and Bioenergy 53, 
11–19 (2013).

 40. Georgis, R. et al. Successes and failures in the use of parasitic nematodes for pest control. Biological Control 38, 103–123, https://doi.
org/10.1016/j.biocontrol.2005.11.005 (2006).

 41. Beyer, P., Hirte, W. & Sermann, H. The behaviour of the entomopathogenic fungus Verticillium lecanii (Zimm.) Viegas in soil II. 
Longevity of lecanii in soil and mineral wool and the optimization of its survival by addition of promoting organic substances/Das 
Verhalten des entomopathogenen Pilzes Verticillium lecanii (Zimm.) Viegas im Boden II. Überdauerung von V. lecanii in Boden 
und Mineralwolle und Erhöhung seiner Lebensfähigkeit durch Zugabe fördernder organischer Substanzen. Zeitschrift für 
Pflanzenkrankheiten und Pflanzenschutz/Journal of Plant Diseases and Protection, 65–74 (1997).

 42. Stone, A. Development of a more sustainable sweetpotato production system in Alabama, (2005).
 43. Ossom, E., Pace, P., Rhykerd, R. & Rhykerd, C. Influence of mulch on soil temperature, nutrient concentration, yield components 

and tuber yield of sweet potato (Ipomoea batatas). Indian journal of agricultural science 73, 57–59 (2003).
 44. Ossoml, E., Pace, P., Rhykerd, R. & Rhyker, C. Effect of mulch on weed infestation, soil temperature, nutrient concentration, and 

tuber yield in Ipomoea batatas (L.) Lam. In Papua New Guinea. Tropical agriculture (2001).
 45. Treadwell, D. D., Creamer, N. G., Schultheis, J. R. & Hoyt, G. D. Cover crop management affects weeds and yield in organically 

managed sweetpotato systems. Weed Technology 21, 1039–1048, https://doi.org/10.1614/wt-07-005.1 (2007).
 46. Hassuani, S. J., Leal, M. & Macedo, I. Biomass power generation. Sugar cane bagasse and trash Published by Programa das Nacoes 

Unidas para o Desenvolvimento and Centro de Technologi a Canavieriva, Peracicaba, Brazil (2005).
 47. Gurr, G. M. et al. Pests, diseases and crop protection practices in the smallholder sweetpotato production system of the highlands of 

Papua New Guinea. PeerJ 4, e2703, https://doi.org/10.7717/peerj.2703 (2016).

Acknowledgements
This work was funded by the Australian Centre for International Agricultural Research (grant Hort2014/083).

Author contributions
J.L. and G.M.G. conceived the study, M.R. and J.L. conducted the work with assistance from T.E.D., J.L. analysed 
the data and prepared figures. All authors prepared the manuscript.

Additional information
Competing Interests: The authors declare no competing interests.
Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-019-50521-5
https://doi.org/10.1002/ps.2156
https://doi.org/10.1111/eea.12534
https://doi.org/10.1111/eea.12473
https://doi.org/10.1111/eea.12473
https://doi.org/10.1016/j.biocontrol.2014.03.012
https://doi.org/10.1016/j.biocontrol.2005.11.005
https://doi.org/10.1016/j.biocontrol.2005.11.005
https://doi.org/10.1614/wt-07-005.1
https://doi.org/10.7717/peerj.2703
http://creativecommons.org/licenses/by/4.0/

	Organic mulches reduce crop attack by sweetpotato weevil (Cylas formicarius)
	Methods
	Insect and plant materials. 
	Laboratory screening of mulches. 
	Field testing of mulches. 
	Statistical analyses. 

	Results
	Laboratory screening of mulches. 
	Field testing of mulches. 

	Discussion
	Acknowledgements
	Figure 1 Illustration of multiple-choice test field design.
	Figure 2 Effect of mulch materials in protecting sweetpotato storage root (Control covered by potting mix) (laboratory screening of mulches).
	Figure 3 Effect of mulch materials in protecting sweetpotato storage root (Control uncovered by potting mix) (laboratory screening of mulches).
	Figure 4 Effect of mulch on weevils’ movement towards sweetpotato foliage at initial assessment in the field test.
	Figure 5 Effect of mulch on weevils’ movement towards sweetpotato storage root at initial assessment in the field test.
	Figure 6 Effect of mulch on weevils’ feeding damage on sweetpotato storage root at initial assessment in the field test.
	Figure 7 Effect of mulch on weevils’ movement towards sweetpotato storage root at 2nd assessment in the field test.
	Figure 8 Effect of mulch on weevils’ feeding damage on sweetpotato storage root at 2nd assessment in the field test.




