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a b s t r a c t

We assessed the performance of hermetic triple layer Purdue Improved Crop Storage (PICS) bags for
protecting Hibiscus sabdariffa grain against storage insects. The major storage pest in the grain was a
bruchid, Spermophagus sp.. When we stored infested H. sabdariffa grain for six months in the woven
polypropylene bags typically used by farmers, the Spermophagus population increased 33-fold over that
initially present. The mean number of emergence holes per 100 seeds increased from 3.3 holes to 35.4
holes during this time period, while grain held for the same length of time in PICS bags experienced no
increase in the numbers of holes. Grain weight loss in the woven control bags was 8.6% while no weight
loss was observed in the PICS bags. Seed germination rates of grain held in woven bags for six months
dropped significantly while germination of grain held in PICS bags did not change from the initial value.
PICS bags can be used to safely store Hibiscus grain after harvest to protect against a major insect pest.
© 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

Hibiscus sabdariffa L. (Malvaceae) is grown in tropical and sub-
tropical regions of the world (http://scialert.net/fulltext/?doi¼ajcs.
2012.103.112&org¼11, Babatunde, 2003; http://scialert.net/fulltext/
?doi¼ajcs.2012.103.112&org¼11, Tindal, 1986). It is cultivated for its
stems, calyces, leaves, and grain (Babatunde and Mofoke, 2006). In
West Africa Hibiscus leaves, calyces, and grains are used as vege-
tables to impart aroma to sauces and to prepare a popular drink.
The dried red calyces are the basis for a tea or juice known as
‘bissap’ (Senegal) or ‘da bilenni’ (Côte d’Ivoire, Mali, Burkina Faso)
(FAO, 2004). Seeds of H. sabdariffa, are known for their rich nutrient
content and are used to produce an oil, while the plant itself is
known for its medicinal properties (Mahadevan et al., 2009). The
grain is nutritious, containing an average of 26% protein, 20% fat,
and 40% total sugars (Ciss�e et al., 2009). Demand for Hibiscus has
steadily increased over the years. Currently approximately 15,000
metric tons enter international trade annually (http://www.fao.org/

fileadmin/user_upload/inpho/docs/Post_Harvest_Compendium_-_
Hibiscus.pdf).

In the Sahel of Africa women process the seeds by cooking and
fermenting to produce “soumbala”, a fortifier used in many sauces.
H. sabdariffa grain production occurs during the rainy season,
which extends from June to October. Grain stores kept by producers
constitute the main supply through the year, with storage lasting
from 3 to 10 months. During storage there is risk of pest insect
attack if the grain is not protected. In recent years research and
development efforts have concentrated on increasing food pro-
duction in Sub-Saharan Africa (Anankware et al., 2012). Despite its
economic and nutritional importance for families, Hibiscus grain
storage has received little attention and farmers, aware of potential
losses to insects, often use unregistered and potentially dangerous
pesticides to protect their grain. We found a bruchid present in
Hibiscus seeds stored by African farmers that we identified as
belonging to the genus Spermophagus. Unlike other bruchids which
use legume seeds as larval host food, bruchine beetles of the genus
Spermophagus utilize seeds of morning glories (Convulvacea) and
mallows (Malvaceae: Malvoidea) (Kergoat et al., 2015). Hibiscus
sabdariffa is a domesticated mallow.

Purdue Improved Crop Storage (PICS) bags consist of two layers
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of high density polyethylene (HDPE) enclosed by a polypropylene
bag (see below); they provide excellent protection of cowpea grain
against bruchid seed beetles in West Africa (Murdock et al., 2012;
Baoua et al., 2012, 2013). They are likewise effective in protecting
other stored grains against insect pests, including (1) maize
attacked by the larger grain borer (Njoroge et al., 2014); (2)
Bambara ground nut against bruchids (Baoua et al., 2014b), and; (3)
mung beans and pigeonpea (Baoua et al., 2014b; Mutungi et al.,
2014) attacked by bruchids. PICS bags, on the other hand, were
found not to be effective in controlling cassava chips (Hell et al.,
2014) infested with larger gain borer. We sought to determine if
PICS bag could protect H. sabdariffa grain against its main storage
pest while maintaining seed viability.

2. Materials and methods

Our experiments used naturally infested Hibiscus sabdariffa
grain and were carried out at the INRAN entomology laboratory in
Maradi, Niger. All work was done at uncontrolled ambient room
temperature, which ranged from 28 to 39 �C, and at ambient
relative humidity (5e30% r.h.). Relative humidity was measured
using EL USB 2 data logger devices (Lascar, Erie, PA, USA). Grain
moisture content was determined by weighing samples before and
after oven drying and ranged from 8 to 10%. We used triple layer
PICS bags manufactured in 2011 by Lela Agro (Kano, Nigeria). The
PICS bag consists of two separate high-density polyethylene (HDPE)
bags with 80 mm wall thickness, one fitted inside the other, and
both of which were enclosed in a woven polypropylene bag to
enable handling. Details for using PICS bags are found on the PICS
website (http://www.ag.purdue.edu/ipia/pics/Pages/Home.aspx).

Naturally infested grain of H. sabdariffa produced in two
different years (2010 and 2011) was purchased at Maradi market
and thoroughly mixed to create a uniform infestation throughout
the lot.

The first treatment, in four replicates, employed 50 kg PICS bags.
These were filled with 40 kg of infested Hibiscus grain from the
pooled source. The control treatment consisted of two replicate
single woven polypropylene bags filled with the same grain.

We collected the following data:

(1) Initial and final infestation levels: These were determined at
the beginning of the experiment by collecting 3 samples of
500 g grains per bag, each selected randomly. Each sample
was sieved using 1.5e2.0 mesh screen sieves to separate the
living adults. Pupae were counted as adults. The same mea-
surements were made on the grain after storage. When bags
were opened for sampling at 2 and 4 months, they were
immediately reclosed after the sample was taken.

(2) Initial and final damage level: One hundred seeds were
randomly selected from each sample, weighed, and the
number of seeds with eggs and holes determined by
counting.

(3) Germination: Tests were conducted in the field on a research
plot. For each treatment, 4 rows of 25 seeds were sown. The
plot was irrigated daily and the number of germinated plants
recorded at 7 days after sowing.

(4) Storage and evaluation: Bags were opened after 2, 4 and 6
months and the above analyses were done to evaluate the
degree of bruchid infestation, grain damage, and any effects
of storage on germination.

(5) Gas concentrations: O2 and CO2 levels in each bag were
determined using a Mocon PAC Check® Model 325 Head-
space analyzer (Mocon, Minneapolis, MN). Measurements
weremade daily at 12:00 PM local time over the first 20 days.

(6) Bag conditions: At the end of the experiments, the two HDPE
liners were examined for holes and abrasions as well as for
other physical changes.

Statistical analysis: Means of O2 and CO2 concentrations were
compared using the t-test. Insect density and damage levels were
compared using Analysis of Variance (ANOVA) followed by Least
Significant Difference (LSD) tests. Statistical analysis was done with
SPSS software (Statistical Package for the Social Sciences), produced
by IBM SPSS, Inc. (Chicago, Illinois).

The experiments were conducted during the six month period
from January 14 to July 14, 2012.

3. Results

Oxygen levels differed significantly between treatments as soon
as one day after the bags were closed, with means of 17.2 ± 0.1% by
volume (v/v) for PICS bags after 24 h compared to 20.4 ± 0.2% (v/v)
for the controls (t¼ 20.21; df¼ 4; P < 0.001). By the 20th day (Fig.1)
O2 had fallen to 4.7 ± 0.3% (v/v) in the PICS bags while remaining
unchanged compared to ambient at 21.0 ± 0.0% (v/v) for the control
(t ¼ 37.86; df ¼ 4; P < 0.001). CO2 levels differed between treat-
ments by the second day after closing the bags with an average of
1.5 ± 0.0% (v/v) in the PICS bags and 0.4 ± 0.3% (v/v) in the control
treatments (t ¼ �5.14; df ¼ 4; P < 0.01). By the 20th day CO2 levels
were 6.7± 0.2% (v/v) in PICS bags and 0.2 ± 0.1% (v/v) in the controls
(t ¼ �18.45; df ¼ 4; P < 0.001).

Spermophagus sp. was the only insect species we observed in the
H. sabdariffa grain. Its identity was confirmed based onmorphology
and photographs sent to the Natural History Museum of Paris in
France.

The number of living Spermophagus sp. adults found in the PICS
bags after 2, 4, and 6 months of storage was the same as at the
outset of the experiment, whereas in the woven bags, the number
of bruchids was 11 times higher after 2 months, 13 times higher
after 4 months, and 33 times higher after 6 months (Table 1).

The frequency of seeds carrying Spermophagus sp. eggs, and
those exhibiting emergence holes was not different in the PICS bags

Fig. 1. Daily levels of O2 and CO2 in PICS bags and woven bag containing naturally
infested H. sabdariffa seeds.
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