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ABSTRACT

Several rodent species damage rice crops and commensal rodents cause damage to stored produce and infra-
structure, hygienic problems and they can transmit zoonotic pathogens. In the first such study in Sri Lanka, we
identified the main rodent and shrew species and the extent of post-harvest damage caused in rice storage fa-
cilities of smallholder farmers. Netting of rice bags was trialled as a new measure of protection. Field experiments
were performed in the three main agro-ecological zones of Sri Lanka.

Five rodent species and one shrew species were captured in storage facilities. Rattus rattus, Bandicota indica and
Suncus murinus were the dominant species in storage facilities. The small mammal composition was more related
to season than to region. In storage, depending on region, 3.2-9.1% (mean 7.6%) of rice was lost to rodents when
rice was stored indoors in unprotected polyethylene bags. Netting around bags reduced damage by 89% -
equivalent to the annual rice consumption of one person per storage facility, reduced the presence of rodent
droppings by 92% and the bag area damaged by rodents by 96%.

Our findings clearly show the considerable amount of damage caused by rodents to rice post-harvest across
three agro-ecological zones of Sri Lanka and indicate that netting bags considerably reduces damage and
contamination. This netting can be used to aid the development of an ecologically-based rodent management
(EBRM) program tailored to local conditions. More detailed studies are needed to fully understand the population
and breeding ecology of the relevant rodent pest species in relation to damage patterns to optimize management
beyond individual structural measures.

1. Introduction

Pre-harvest damage to rice crops is well documented and there are
methods to considerably minimize loss (Brown et al., 2017). Mean losses

Net cereal production needs to be increased by 50% from 2000 to
2050 to satisfy the food requirements of the growing global population
(World Bank, 2007), especially in Asia where 578 million people are
undernourished (UN, 2011). This entails strategies not only to increase
productivity but also to minimize losses. Rice is the staple food across
Asia (World Bank, 2007) and therefore, highly relevant for food security.

In Asia, rodents are a major agricultural pest that inflicts substantial
loss pre- and post-harvest (John, 2014; Singleton et al., 2010).
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caused by rodents in rice fields typically range from 5 to 15% but can be
much higher in individual fields (Brown et al., 2017). Management
approaches are often aligned to the principles of ecologically-based ro-
dent management (EBRM) (Singleton et al., 2003). EBRM includes a
suite of techniques based on sound knowledge of the target rodent
species as well as ecological, social and economic aspects.

The knowledgebase is much thinner for post-harvest losses in stored
rice. Stored rice is not only eaten by rodents but also contaminated by
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rodent feces, urine and hair (Dubock, 1978; Stejskal and Aulicky, 2014).
It is assumed that post-harvest losses are higher than pre-harvest losses
(Parshad, 1999) but there are few systematically collected data avail-
able. The scarce information at hand indicates losses in the range of
4-14% in Myanmar (Htwe et al.,, 2017), 10% in Laos (Brown et al.,
2013) and highly variable values in Bangladesh (Belmain et al., 2015;
Krijger et al., 2020). The damage level seems to depend on factors
including the quality of the structure of the storage facility, maintenance
of the surrounding of storage facilities and the rodent community pre-
sent (Brown et al., 2017, 2020). The latter is often not well documented
and may differ considerably from the rodent species present in rice
fields. Species usually present in rice storage facilities in SE-Asia include
Rattus species from the R. rattus complex in Laos; R. rattus, R. exulans,
Bandicota indica and B. bengalensis in Myanmar, and B. bengalensis and
Mus musculus in Bangladesh (Belmain et al., 2015; Htwe et al., 2017;
Krijger et al., 2020) and reviewed in Brown et al. (2020).

The mean cropping area of smallholder farmers in Sri Lanka is < 2 ha
(http://www.agrimin.gov.lk/web/index.php/home-1/12-project
/841-agriculture-sector-modernization-project accessed March 19,
2021). In their rice storage facilities, which are often attached or in close
proximity to the houses where farmers’ families live, close contact be-
tween rodents and people is likely to increase the risk of transmission of
rodent borne pathogens to humans and livestock. In Sri Lanka, such
pathogens include Leptospira species that can cause deadly disease in
humans (Nisansala et al., 2019).

Anecdotal evidence suggests that rodent damage in storage facilities
is a chronic and serious problem of rice cultivation in Sri Lanka in
various locations. The losses hamper food security and, therefore, advice
on rodent management is urgently required. However, for Sri Lanka,
there is little published about the rodent species present in rice storage
facilities of farmers, and, to our knowledge, nothing on the amount of
damage caused by rodents in storage. There is one publication that
mentioned that B. bengalensis has the highest potential to damage rice in
Sri Lanka (Prakash, 1988).

Without thorough knowledge of the composition of small mammal
species in storage facilities and of the extent of damage caused, there is a
weak foundation to develop evidence-based management strategies.
Measures need to be aligned to the pest species present to identify the
optimal timing to intercept immigration to fields or to storage facilities.
Suitable and effective management is required to reduce damage and to
determine if the extent of damage justifies the cost of specific actions.

In this study, we identified the small mammal species composition in
storage facilities based on systematic trapping and estimated related
damage to rice in typical smallholder storage facilities in the three main
agro-ecological zones in Sri Lanka. The latter included a trial to use
netting to prevent small mammals from consuming stored rice. The
findings will aid the development of management tools that can help to
improve food security by reducing post-harvest rodent damage and
possibly to mitigate the risks of rodent zoonoses for rice farmers in Sri
Lanka.

2. Material and methods
2.1. Study sites

This study was conducted in three agro-ecological zones in Sri Lanka:
wet zone (Pasyala in Gampaha district; N7 9'0.742"; E80 8'14.006"),
intermediate zone (Kahapathwala in Kurunegala district; N7
23'43.318"’; E80 28'27.04") and dry zone (Sinhapura in Polonnaruwa
district; N8 1'17.976°’; E81 1'19.091”) with annual rainfall >2,500,
2500-1750 and < 1750 mm, respectively (Fig. 1). In Sri Lanka, there are
two cultivation seasons namely Maha and Yala, which are synonymous
with two monsoon seasons. Maha season is during “north-east (NE)
monsoon” from September to March in the following year. Yala season is
during “south-west (SW) monsoon” from May to the end of August. We
refer to “NE monsoon season” for Maha and “SW monsoon season” for
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Fig. 1. Agro-ecological zones in Sri Lanka where field work was conducted in
smallholder rice storage facilities (map shape based on: https://openi.nlm.nih.
gov/detailedresult?img=PMC3943480_1475-2875-13-59-1&req=4  accessed
January 19, 2021).

Yala season. The period between the monsoon seasons is referred to as
“dry season”.

2.2. Small mammal species composition in storage facilities

During 2018 and 2019, snap traps were set in 10 smallholder storage
facilities in the wet, intermediate, and dry zone. Ten single capture
plastic snap traps (Kness, big-snap-E rat trap) baited with unhulled rice
and roasted coconut were set along potential runways in and around
each storage facility. Traps were set in the evening and checked the
following morning for three consecutive nights in several trapping ses-
sions until at least 50 small mammals were caught per zone per year.

Trapped small mammals were mainly morphologically identified
based on the key in Aplin et al. (2003). Occasionally, this was
supplemented by phylogenetic analysis of a partial fragment of the
cytochrome b gene (Nicolas et al., 2012). The percentage of small
mammal species per agro-ecological zone and season was calculated as
means at the level storage facility and compared among zones and
seasons by cluster analysis (complete cluster where the dissimilarity
between two clusters is based on the maximum of all possible distances
between the cases in these clusters using standardized data) in program
JMP (Version 15, 2019 SAS Institute).

2.3. Post-harvest damage to rice

The storage facilities of seven smallholder farmers were selected
randomly in each zone. Storage facilities were at least 200 m apart.
Twenty rice bags were placed in each farmer’s storage facility; 10 con-
trol bags (polyethylene bag stored as per farmers’ typical storage situ-
ation) and 10 treatment bags (polyethylene bag enclosed in fish net with
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mesh size of 1.5 x 1.5 cm double layer to exclude rodents) (Fig. 2). No
rat guards were placed on the legs of the platform of the storage facility
that raised the structure 4-5 cm above the concrete floor to be consistent
with the usual storage practice in the region.

Twenty kg of rice were placed in each of the control and treatment
bags that were stacked and kept in the storage facility in 5 x 4 layers for
four months. The position of control and treatment bags was assigned
randomly. There were spaces between bags of 8 cm in order to allow
rodents to access all bags. Five control and five treatment bags were
individually labelled to be checked for damage at the end of the trial in
the dry zone. In the wet and intermediate zone, all 20 bags were
assessed. Moisture content of grain was measured at the start and end of
the storage period using a digital grain moisture meter (KETT Grain
moisture meter f523, Symbex International, Dakha, Bangladesh). The
size of the bag area damaged by rodents was measured in cm? with a
ruler. The weight of the grain was measured with a scale to the nearest
gram to quantify grain loss. Weight loss of control and treated bags was
calculated using the following formulae to calculate the loss caused by
rodents:

Moisture loss = (initial weight-final weight)/ initial weight
Adjusted weight = (final weight x (average moisture loss/100)) + final weight
Rodent loss = initial weight — adjusted weight.

In the wet and intermediate zone, the number of rodent droppings in

Fig. 2. Polyethylene bag used for the assessment of post-harvest rodent damage
to stored rice. Treatment bags were enclosed in fishnet with mesh size of 1.5 x
1.5 cm double layer to protect rice grain from rodent damage. Control bags
were without fishnet (not shown).
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a 500 g sample of rice from each bag was counted and upscaled to 20 kg.

A generalized linear mixed model (GLMM) was used to compare the
effects of rice losses, the area of holes gnawed by rodents into bags and
the number of rat droppings (all In-transformed) between treatment and
control bags and rainfall zones (fixed covariates), accounting for local
differences between farms by including farm nested within region as a
random effect. All three response variables were modelled with a
Gaussian residual distribution. Restricted maximum likelihood estima-
tion (REML) was performed in program JMP (Version 15, 2019 SAS
Institute) to obtain parameter estimates and associated probabilities.
Degrees of freedom for inference statistics were approximated using
Satterthwaite’s method. Visual inspection of the residuals indicated
model assumptions were met.

Correlation coefficients and associated error probabilities were
estimated with REML to test for the relationship between the extent of
rice loss and the bag area damaged by rodents, the extent of rice loss and
the number of rodent droppings per bag, and the bag area damaged by
rodents and the number of rodent droppings per bag.

Mean values are reported with standard errors throughout.

3. Results
3.1. Small mammal species composition in storage facilities

In the storage facilities, the most common species at all agro-
ecological zones in all seasons were R. rattus, Bandicota indica and the
mainly insectivorous small mammal Suncus murinus (Table 1). R. exulans
was rare (1% of total number) and did not occur in the intermediate
zone. Mus booduga was trapped only in the wet zone while B. bengalensis
was trapped only in the intermediate zone.

The hierarchical cluster indicated that species composition (per-
centage of species per agro-ecological zone and season) was more
affected by season than by agro-ecological zone (Fig. 3) because dry
seasons and monsoon seasons clustered more closely together than the
three agro-ecological zones.

3.2. Post-harvest damage to rice

During four months of storage, there was a decrease in rice weight in
both treated and control bags. Mean weight loss adjusted for moisture in
unprotected control bags (1.53 + 0.17 kg) was 9-fold higher than in
treatment bags that were covered with netting (0.17 + 0.08 kg) (p <
0.001, df = 330, t = 7.21; Tukey post-hoc test). Average loss in the dry
zone (0.64 + 0.17 kg) was about a third of the loss in the wet (1.83 +
0.35kg) (p = 0.0054, df = 34, t = 2.97) and intermediate zones (1.68 +
0.14 kg) (p = 0.012, df = 34, t = 2.62) (Fig. 4a). There was no effect of
the interaction of treatment and region on rice loss (p = 0.21, F 330, F =
1.59).

The mean size of holes gnawed by rodents into unprotected control
bags was 15.9 + 1.6 cm?, which was about 26-fold larger than for
treatment bags (0.6 + 0.3 cm?) (p < 0.001, df = 344, t =9.76) (Fig. 4b).
There was no effect of region (p = 0.54, Fy 344 = 0.623) or of the
interaction of treatment and region (p = 0.35, F5 344 = 1.067) on mean
size of holes gnawed by rodents into rice bags.

At the end of the study, the average number of rodent droppings per
20 kg control bag was 66.3 + 7.8, which was about 13-fold larger than
for treatment bags (5.1 + 2.1) (p < 0.001, df = 276, t = 7.69) (Fig. 4c).
There was no effect of region or of the interaction of treatment and re-
gion (p = 0.671, Fy 276, F = 0.181) on the number of rodent droppings in
rice bags (p = 0.677, F1 276, F = 0.174).

There were close positive correlations between the extent of rice loss
and the bag area damaged by rodents (r = 0.68; p < 0.001; n = 42) as
well as between the extent of rice loss and the number of rodent drop-
pings per bag (r = 0.61; p < 0.001; n = 28). There was a positive cor-
relation between the bag area damaged by rodents and the number of
rodent droppings per bag (r = 0.93; p < 0.001; n = 28).
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Table 1
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Species composition of small mammals trapped in and around smallholder rice storage facilities in three agro-ecological zones of Sri Lanka (n — number of smallholder

rice storage facilities sampled).

Agro-ecological zone Season Species composition % (standard error)
Rattus rattus Rattus exulans Bandicota indica Bandicota bengalensis Mus booduga Suncus murinus

dry 97.5 (2.4) 0.0 (0.0) 2.5(2.4) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
n=10

Wet NE monsoon n = 10 81.5(3.8) 21@1.4) 4.5 (2.2) 0.0 (0.0) 0.0 (0.0) 12.0 (3)
SW monsoon n = 10 85.9 (3.6) 0.0 (0.0) 2.5(1.8) 0.0 (0.0) 4.4 (2.3) 7.2(2.1)
dry 100 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0) 0.0 (0.0)
n=3_8

Inter-mediate NE monsoon n = 10 86.3 (4.7) 0.0 (0.0) 1.4(1.4) 0.0 (0.0) 0.0 (0.0) 12.3 (4.9
SW monsoon n = 10 88.5 (2.9) 0.0 (0.0) 1.8(1.1) 1.3(1.2) 0.0 (0.0) 8.5 (2.0)

Dry SW monsoon n = 10 86.3 (2.0) 3.3(2.2) 0.7 (0.7) 0.0 (0.0) 0.0 (0.0) 9.7 (2.4)

WET dry ————— a) Loss of rice per 20 kg bag [kg]
INTERdry —— |
2.4

INTER NE monsoon
WET NE monsoon
DRY SW monsoon

INTER SW monsoon
WET SW monsoon

T |

Fig. 3. Hierarchical cluster analysis for small mammal species composition in
Sri Lanka by agro-ecological zone (WET, DRY, INTERMEDIATE) during north-
east (NE) monsoon, south-west (SW) monsoon and dry season.

4. Discussion

This is the first description of the species composition of and damage
by rodents in smallholder rice storage facilities in Sri Lanka and one of
the few systematic studies of this topic in south Asia. R. rattus, S. murinus
and B. indica were the main species in and around storage facilities.
S. murinus was present regularly — an invasive insectivorous species
distributed throughout south Asia and considered a pest because it
damages a wide variety of stored foods (Seymour et al., 2005). This
small mammal composition was similar to the suite of pest species in
Bangladeshi rice storage facilities (Belmain et al., 2015; Krijger et al.,
2020). R. rattus was the most common rodent pest across the three
agro-ecological zones and most likely the species causing most damage
to stored rice.

The small mammal species composition in rice storage facilities
seemed more related to season than to agro-ecological zone. This in-
dicates the importance of seasonal weather variability across the island
of Sri Lanka — especially rainfall - as a direct and/or indirect driver of
infestation with small mammals in smallholder rice storage facilities.
Rodent activity can depend on weather conditions (Uria et al., 2013;
Vickery and Bider, 1981) as can population dynamics driven by food
availability (Andreassen et al., 2020) synchronized by cropping seasons
(Htwe et al., 2012) or other resources that are regulated by weather
(Heisler et al., 2014; Imholt et al., 2011; Krebs et al., 2004). If there is a
strong relation of rainfall and pest rodents accessing rice storage facil-
ities, rainfall could be used in the future to predict rodent infestation in
storage to take early action.

Other studies reported different species compositions in rice storage
facilities and field crops in south Asia and southeast Asia (Brown et al.,
2017; Htwe et al., 2017) demonstrating the need for different rodent
management approaches in rice fields versus storage facilities. So far, not
much is known about the composition of the small mammal community
in rice fields in Sri Lanka - this is an area for future work. Seventeen
rodent species were reported in a Sri Lanka-wide survey of mainly
non-agricultural habitats (Niroshini and Meegaskumbura, 2014)
including the species detected in this study. No endemic species
occurred in the storage facilities but they might be present in adjacent
natural habitats. Rodent management strategies need to balance the

TSI

1.6 { 1
1.2
0.8
0.4 }
0.0
wet zone intermediate dry zone
b) Rodent damage c) Rodent droppings
to rice bag [cm?] per 20 kg rice bag
20 100
16 I 80
1
12 60
8 40
a4 20
0 0
all zones all zones

Fig. 4. a) rice losses in smallholder storage facilities due to rodents in three
agro-ecological zones of Sri Lanka (wet, dry and intermediate zone), b) area of
damage to rice bags caused by rodents in three agro-ecological zones of Sri
Lanka and c) droppings of rodents in rice bags in two agro-ecological zones of
Sri Lanka (wet and intermediate zone). Bags were either without (open col-
umns) or with protective netting to protect bags from rodent damage (grey
columns). Values are means of values from seven replicate storage facilities per
zone tstandard error.

need to maintain the endemic species whilst managing the key pest
species (Stuart et al., 2007) but this is only possible when species dis-
tributions are known.

The mean post-harvest loss during storage caused by rodents to rice
of 7.6% was intermediate compared to findings in other rice systems in
Asia (Belmain et al., 2015; Brown et al., 2013). Given farmers in our
study stored on average 1600 kg of rice, the loss was about 110 kg in a
4-month period. This is very similar to the loss reported from storage
facilities in Laos (Brown et al., 2013) and in the range of the values
known from Bangladesh and Myanmar (Belmain et al., 2015; Krijger
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et al., 2020). Based on the annual per capita rice consumption of 107 kg
in Sri Lanka (Galappattige, 2019) the loss caused by rodents post-harvest
in a regular smallholder storage facility equates to feeding a person for
one year. This suggests that post-harvest losses have a highly important
impact on food security of Sri Lanka. Research on post-harvest losses to
maize in eastern Africa also highlight the importance of effective
post-harvest management of cereals to improve the food security of
smallholder farmers (Huss et al., 2020; Mdangi et al., 2013).

Post-harvest rodent damage was considerable and suitable measures
for loss reduction could provide many more meals to smallholder farmer
households. Several methods are available to reduce the post-harvest
impact of rodents including regular kill-trapping, improved sanitation
in and around storage facilities, and constructing rodent-proof grain
stores (Belmain et al., 2015; Brown et al., 2020; Mdangi et al., 2013).
The latter can be costly in the short term but provides long-term benefit.
The level of hygiene in and around houses influences rodent population
densities (Htwe et al., 2017). Brown et al. (2020) recommend that at
least 20-30 m around storage facilities be cleaned to minimize rodent
infestation, which requires regular labour-intense action. Farmer in-
terviews during field visits indicated that rice farmers in Sri Lanka do not
tend to kill rodents in and around their houses, partially because of
religious beliefs. Therefore, the simple technique of netting rice bags
may be a suitable method to manage rodent losses. A survey of the at-
titudes and practices of farmers is required to validate large-scale
acceptance of this management approach. This should include a trial
where all bags in storage are either equipped with netting or have no
netting to check for no-choice effects and ideally would be conducted
across a range of pest rodent population abundances.

Covering polythene bags with fishnets was adequate to prevent ro-
dent losses and damage to bags as well as contamination of bags almost
completely. Netting decreased rice loss in an average Sri Lankan
smallholder rice storage facility by 89% (gain of approximately 109 kg
of rice equal to an amount of 725 rice meals of 150 g) in a four-month
period. The use of netting to prevent rice loss in storage was more effi-
cient than intervention by trapping and improved general farm hygiene
that reduced rice losses in Myanmar and Bangladesh by 30% and 80%,
respectively (Belmain et al., 2015).

Similar to rice loss, there was a more pronounced treatment effect on
the number of rodent droppings in rice in this study compared to the
effects reported for a comparable storage duration from Bangladesh
(Belmain et al., 2015). The density of rodent droppings in stored rice in
the current study was >30 times lower when rice was stored in bags in
this study than in Bangladesh where rice was stored in baskets (Belmain
et al., 2015), and also was considerably lower than in a study in Laos
where rice was kept in raised grain stores without bags (Brown et al.,
2013).

The close positive correlations among rice losses, rodent damage to
bags and the number of rodent droppings in the bags indicate that it was
indeed mostly rodents (and possibly S. murinus) and not insects causing
damage. When rodents manage to gnaw through the bag they do
consume and contaminate rice in the bags suggesting that suitable
intervention can offer multiple advantages regarding food security and
health protection through netting. The cost for netting a 20 kg bag of
circa $US 0.40 equals the value of 2 kg of stored rice (https://pmb.gov.
lk/index.php?lang=en accessed January 19, 2021). Given these
numbers and an annual income of $US 838 per hectare (Socio Eco-
nomics and Planning Centre, 2019) the additional cost of storing rice
seems appropriate. However, the method may not be sufficient if rodent
pressure is higher than experienced in this study. Rodent damage to
protected bags may be higher when no unprotected bags are available to
rodents. This requires further study.

The use of non-chemical rodent control measures is intended to
minimize pest rodent population abundance and associated damage.
Low rodent abundance and limited access for rodents to stored rice will
not only improve rice production but may also mitigate other problems
caused by rodents including social issues (John, 2014). In addition,
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environmental issues related to the use of rodenticides (van den Brink
et al., 2018) and other compounds to reduce rodent-related health risks
(Hinds et al., 2021; Jacob et al., 2021) could be mitigated. Several
zoonotic pathogens that are present in Sri Lankan rodents and their
ectoparasites (Boge et al., 2021; Gamage et al., 2017) pose serious health
risks to people and livestock that should be managed. Hence, rodent
control should have high priority for farmers, agricultural and health
authorities to improve livelihoods and environmental safety alike.

In many developing countries across the world, storage conditions
for agricultural produce including rice are inadequate (Huss et al., 2020;
Proctor, 1994). Therefore, the findings of this study may be useful to
increased food availability in countries beyond Sri Lanka and beyond the
storage of rice.

5. Conclusions

Several species of small mammals inhabit storage facilities in three
agro-ecological zones in dry and monsoon seasons across Sri Lanka.
They cause considerable damage to stored rice. The losses clearly justify
action to enhance food security and effective rodent management also is
required to protect the health of humans and livestock from rodent-
borne pathogens. At the infestation present in this study, losses and
contamination of stored rice can be substantially reduced by covering
rice bags with a double layer of fish net with mesh size of 1.5 x 1.5 cm.
The population and breeding ecology of the relevant rodent species and
other relevant aspects need to be studied in more detail to develop and
field test a suitable EBRM approach for the Sri Lankan agro-ecological
zones that combine post-harvest and pre-harvest crop protection. This
should consider the Buddhist culture where killing mammals is usually
not tolerated. The development of tailor-suited strategies to improve the
control of rodents is worthy of further support given their considerable
positive impact on the food security of smallholder farmer families in Sri
Lanka and other regions such as southeast Asia (see Brown et al., 2020)
and eastern Africa (Mdangi et al., 2013).
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