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SUMMARY :

Effectiveness of hermetic storagein combination with botanical Ageratum conyzoides for the control
of post harvest pests of maize Stophilusoryzae (L.) and Stotroga cerealella (Oliv.) was evaluated
under artificia infestation by different packing materials. It was observed that High density polythene
(HDPE) bag and Double Layered Polythene (DLP) bag with A. conyzoides are most effective in
controlling S. oryzae and S. cerealella. The number of F, progeny of S. oryzae and S. cerealella
emerged in treatmentsranged from 7.75t0 21.70 and 8.70 to 25.50, respectively with each mean being
significantly different from each other. Both HDPE and DL P bag in combination with A. conyzoides
recorded lowest adult emergence, minimum grain damage and weight loss when infested by S.
oryzae and S cerealella. HDPE bag and double layered polythene bag with A. conyzoides recorded
per cent damage of 4, 5.70 and 5.0, 7.0 and minimumlosses of 0.61, 0.94 and 0.37,0.52 by S. oryzae
and S cerealella, respectively. The results demonstrated that it is technically feasible to control
post harvest pests of maizein Indiathrough enhanced hermetic storage by utilizing locally available
botanicals.
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weevil, Sitophilus oryzae L. (Coleoptera: and red flour beetle Tribolium castaneum (Herbst)
Curculionidag); Angoumois grain moth, Stotroga  (Tenebrionidae: Coleoptera) (Sinha, 1994). Among them
cerealdla(Olivier) (Lepidoptera: Gelechidae); ricemoth,  S. oryzae and S. cerealella are most dominant
Corcyra cephalonica (St.); lesser grain borer particularly insmall scale and on farm maize storage. In

I n Indiathe peststhat attack maizein storagearerice  Rhizopertha dominica (F.) (Bostrichidae: Coleoptera)
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Indiait is estimated that about 2.45 per cent of maizeis
lost at farmers’ level during harvesting, threshing,
winnowing, transportation and storage. Management of
agricultural pests over the past half century has been
largely depending on the use of synthetic chemical
pesticides and fumigants for post-harvest protection of
crops (Isman, 2006). Misuse or overuse of chemicals
have serious repercussions, such as the devel opment of
resistance, pollution of the environment, effect on non-
target organisms and food poisoning (Musaet al., 2009).

In India, maize is stored in traditional storage
structures includes mud bin, bamboo reed bin, Thekka,
metal drums, gunny bags made of jute; improved storage
structureslike Pusabin, coa tar drum bin, Domestic Hapur
Bin, Chittore Stone Bin, doublewalled polyethylenelined
bamboo bin fitted with alid and with aplastering of mud
inside and outside (Chouksey, 1985); community storage
structures (Birewar, 1985), Silos, brick built godowns,
Cover and Plinth storage are the most popular storage
systems. In western Australia, sealed metal silos in
combination with carbon dioxide treatment are popular
for storing wheat and grain legumes (Andrews et al.,
1994). L ow oxygen concentration causesinsect mortality,
so hermetic storage such as Purdue Improved Cowpea
Storage (PICS), super grain bags, cocoons and others,
arebeing promoted as cheap and effective waysto control
storage insect pests in Asia (Quezada et al., 2006). In
central America, grain in the metal silosis treated with
Phostoxin, a highly poisonous fumigant (Yusuf and He,
2011). Phasing out of Methyl bromide, an effective
fumigant in devel oped countries, (TEAP, 2000; Fieldsand
White, 2002) inspired the search for alternative storage
methodsincludinginert dusts, wood ash, biological control
and others, but none were particular efficient and cost-
effective (Golob and Hanks, 1990; Golob, 2002; Smith et
al., 2006). The use of hermetic storage is recently
becoming popular for control of storage pestsasit offers
residuefree storage systemfor beans, coffee, rice, maize,
pul ses and seeds (Navarro, 2006 and Sabio et al., 2006).
Maize stored in these bags will develop a modified
atmosphere of low oxygen and high carbon dioxide
content, created by respiration of living organisms such
asinsectsand fungi. As plant based products are effective
and benigntoolsin curtailing the menace caused by insect
pests particularly during storage present trials were
conducted with different types of packing material and
in combination with botanical Ageratum conyzoides | eaf

powder in controlling the maj or storage pests namely rice
weevil and anguomois grain moth.

EXPERIMENTAL METHODS

Theexperiment consigts of fivetreatmentsusingtwo
types of packing material with one botanical. The
treatments were T,: Double layered polythene (DLP)
bag T,: High density polythene (HDPE) bag T, : Double
layered polythene bag with A. conyzoides T,: HDPE
bag with A. conyzoides. T,: Cloth bag with out botanical
(control). The botanical was applied only once at the
beginning of the experiment. The treatments were
arranged in aCompletely Randomized Design with four
replicationsresultingin atotal of 20 storage containers.

Collection of plant material :

The plant material of Ageratum conyzoides was
collected from maize and ricefields, washed thrice with
distilled water, shade dried for one week, grinded to a
fine powder using blender and sieved through standard
U.S. Sieve number 25.

Description of storage containers, grains and
infestation with insects :

Polythene bags (400 guaze) and HDPE bags were
purchased fromlocal market. Their dimensionswere 30
cms (height) by 26.5 cms (width) and they hold 2 kg
grains. After filling the HDPE bag with grain, the free
plastic portion (above the grain) was squeezed in order
to remove excess air. The opening was then closed by
tightly twisting the free portion and tied with thin plastic
rope. In case of double layered polythene bag the top
end of the bag was again twisted, folded back and tied
with thin plastic rope. Before starting the experiment
maize grain was cleaned, by removing broken and
discol oured seeds and the moi sture content was analyzed.
Each packing materia wasfilled with 2 kg of maizegrain
and 40 adult weevils, 350 eggs of S cerealella were
released separately into each packing material.

Rearing of test insects :

The rice weevil, S. oryzae were obtained from
laboratory cultures maintained for thelast 3 yearsin the
dark at 28-30°C and 55-65 per cent relative humidity
reared onwholemaizeat 12-13 per cent moisture content.
Theculture of S. cerealellawascarried out by confining
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10-20 freshly emerged moths of both sexesin 1l plastic
jarswith 500 g of maize grains maintained at 28 + 2° C
(Heinrichs et al., 1985). The jars were covered with
muslin cloth and tied with rubber band. Eggs of S.
cerealella were obtained according to the technique of
Stockel and Turtaut (1970).

Measuring grain damage and weight loss :

Grain damageisof aqualitative natureand isusually
reported as a percentage of grains damaged in asample
(Boxall, 2002). Grain weight |oss was determined using
the count and weight method of Gwinner et al. (1996).

Weight loss o) = (WU Ne) = (Wd” Nu)” 100

Wu” (Nd + Nu)
where as,
Wu=Weight of undamaged grain.
Wd=Weight of damaged grain.
Nd= Number of damaged grain.

Nu= Number of undamaged grain.
Data collected :

The moisture content of the maize was measured
using U.S. Farmex moisture meter. After 3 weeks of
exposure period adults of S, oryzae were removed and
data on per cent survival was taken. Data on grain
damage, grain weight loss and number of adults emerged
were also taken at 5 months after storage.

Satistical analysis:

Datawere transformed to homogeni ze the variance
(Gomez and Gomez, 1984) before analysis and were
analyzed using one-way analysis of variance (ANOVA)
using SAS version 9.2 software packages.

EXPERIMENTAL FINDINGSAND ANALYSIS
The ANOVA for survival of S oryzae on treated

maize showed significant differencesfor treatments (Fig.
1). The per cent survival of S oryzae after 3 weeks of
exposure ranged from 2 to 36 per cent. Survival in the
four treatments ranged from 2 to 8.70 per cent, lowest in
high density polythene bag with A. conyzoides while it
was greatest in control (untreated maize stored in cloth
bag). The number of emerged F, progeny of S oryzae
and S cerealella showed high significant difference (P
< 0.001) between treatments and control (Fig. 2). The
number of F, adult S oryzae and S. cerealella emerged

% survival of S oryzae adults
&

629 & 4@8{7 \Q;o\t}é’ 0‘60\
3 9
N4 §4" &Q QOQ (e}
X et

X X
& Q@@
v

9 8
Treatments

Fig. 1: Survival (%) of parent Sitophilus oryzae adults
exposed for 3 weeks on treated maize stored in
different packing materials
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Fig. 2 : Number of F, adults of S. oryzae and S. cerealella
emerged when exposed for 3 weeks on treated
maize stored in different packing materials

Tablel: Effect of different packing materialson grain damage (%) and grain weight loss (%) of maize by S. oryzaeand S. cerealella

stored for a period of 5 months

Treatments S oryzgtz,-ai : damages(?erealel la S or(;rzgig et IO?CSrAgaIeI la
Double layered polythene bag 9.50°+ 0.28 13.75°+ 0.51 2.18°+0.40 1.95°+0.25
High density polythene bag 6.75°+ 0.29 8.25°+0.26 1.87°+0.35 1.34°+0.15
Double layered polythene bag with A. conyzoides 570°+0.31 7.0°+0.46 0.94°0.25 0.52% 0.08
High density polythene bag with A. conyzoides 40%+1.13 5.0%0.99 0.61% 0.21 0.37%+0.06
Control 22.75%+ 1.09 23.25%+ 1.03 510+ 0.26 4.36°+0.31

Means for treatment followed by the same upper-case letter are not significantly different (P > 0.05). Each value is mean of four replications
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incontrol were89.50+ 0.17, 312.25 + 0.31, respectively.
The number of F, adults of S. oryzae and S. cerealella
emerged in treatmentsranged from 7.75+ 1.13t0 21.70
+0.28and 8.70 £ 0.99 t0 25.50 + 0.51, respectively with
each mean being significantly different from each other.
The per cent grain damage showed high significant
difference (P < 0.001) between treatments and control
(Tablel). Grainincontrol was heavily damaged reaching
22.75 and 23.25 per cent grain damage for S oryzae
and S cerealélla, respectively. All pest control treatments
provided good control of insect damage ranging from 4
to 13.75 per cent. HDPE bag with A. conyzoides, double
layered polythene bag with A. conyzoides recorded per
cent damage of 4, 5.70 and 5.0, 7.0 for S oryzaeand S
cerealella, respectively. Although damage in HDPE bag
and double layered polythene bag with out botanical was
low it was6.75, 9.50in HDPE bag, 8.25, 13.75 in double
layered polythene bag for S oryzae and S cerealella,
respectively.

The per cent weight loss followed the same pattern
of per cent grain damage and showed high significant
difference (P < 0.001) between treatments and control
(Table 1). Grain stored as control suffered substantial
weight losses although they varied from 4.36t05.10for S
cerealella and S. oryzae, respectively. All pest control
treatments kept the losses at low levels. However, for
HDPE bag and double layered polythene bag the losses
only amounted to 1.87, 2.18 and 1.34, 1.95 by S oryzae
and S. cerealella, respectively. HDPE bag and double
layered polythene bag in combination with A. conyzoides
recorded minimum losses of 0.61, 0.94 and 0.37, 0.52,
respectively, by both the pests. It was observed that HDPE
and DLP bag with A. conyzoides recorded lowest adult
emergence; lowest grain damage and weight | osscompared
to other treatments. Very few S. oryzae adults were
survived on treated maize. The parent weevilswereunable
to reproduce on the treated mai ze, multiplication of insect
pests was hampered or the larvae died sometime during
the developmental stage. Thisis because the respiratory
activities of the weevils and the grain itself leads to the
depletion of O, and a build up of CO, in the sealed bags
resulting in asphyxiation and eventual mortalities of the
weevils thereby reducing or truncating damage. The
packing materialswithout botanical aso recorded |owest
survival, low adult emergence, minimumgrain damageand
weight loss compared to control for both the pests.
Maximum progeny emergence, grain damage and grain
wei ght losswas observed in cloth bag (control ) which might

beduetolack of air tightnessand absence of plant powder.
Asaresult theinsectswereableto multiply inlargenumbers
within short period of time.

De Groote et al. (2013) studied the effectiveness of
hermetic systems in controlling maize storage pests in
Kenya and found that metal silos are very effective in
controlling maize weevils and the larger grain borer.
Anankware et al. (2012) studied the efficacy of the
multiple layer hermetic storage bag and found effective
against Prostephanus truncatus and Stophilus zeamais
of stored maize. Quezada et al. (2006) reported 100 per
cent mortality of P. truncatus after a few days when
maize grain stored in glass containers. Seck et al. (1996)
reported the use of hermetic storagein combination with
Boscia senegalensis fruits at 1.2 g/l (flask volume)
reduced the emergence of the cowpea beetle, while 2.4-
4.8 g/l completely inhibited the production of a new
generation of Callosobruchus maculatus. Prolonged
storage durationsincreased adult mortality, significantly
increased the developmental time and induced 60-80 per
cent reduction in the F, progeny. Muda (1984) reported
that mixing of neem leaveswith paddy graininaproportion
of 2 to 100 parts (wt/wt), bag treatment with 2 per cent
neem leaf water extract (wt/wt), or placing barriers of
neem |eaves between bags and storage floor, significantly
reduced the infestation by S oryzae and R . dominica
and damage to paddy grain stored in 40 kg jute bags for
3 months. It was noted that even under heavy artificial
infestation, if the maize is properly dried, damage and
loss for the first three months are relatively small (De
Groote et al., 2013).

Conclusion :

The present study confirmed that high density
polythene bag followed by doublelayered polythene bag
treated with A. conyzoides are most effective in
controlling S. oryzae and S cerealella. It istechnically
feasibleto control maize storage pestswithout insecticides
by using enhanced Hermetic storage system in
combination with botanical. The effectiveness of these
packing material swithout i nsecticides contributesto the
trend to reduce pesticide useand kept storagelosseswithin
acceptable levels.
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