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Abstract

Environmental urgency around post-harvest loss in pulse crops rarely gets the same policy attention as
production-side interventions, despite storage losses in some smallholder systems reportedly consuming a
fifth or more of the harvest before it ever reaches consumption, a gap this six-month research addressed by
directly comparing five storage structures for cowpea seed quality retention. Jute bags, plastic containers,
metal bins, hermetic bags, and traditional woven basket storage (lined with ash, following common local
practice) were compared for seed moisture content, germination percentage, insect infestation, weight loss,
and protein retention over six months of ambient storage. Hermetic bags preserved seed quality most
effectively across every measure, limiting moisture gain to 0.8 percentage points, insect infestation to 1.9%
of seeds, and weight loss to 1.4%, while germination percentage remained above 90% throughout the storage
period. Traditional basket storage performed worst on every measure, with moisture gain reaching 7.2
percentage points, insect infestation affecting 36.4% of seeds, and germination falling to 58% by the six-
month endpoint, despite the ash lining's partial insect-deterrent effect providing some improvement over
completely unlined storage in supplementary testing. Metal bins performed nearly as well as hermetic bags
on insect exclusion but showed somewhat higher moisture accumulation, consistent with metal's lack of an
active moisture barrier despite its strong physical seal against insect entry. These findings support hermetic
bag storage as the most effective option for preserving cowpea seed quality, particularly for seed-intended
grain requiring high germination viability, while identifying metal bins as a durable, reusable intermediate
option where hermetic bags are not readily available.
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Introduction

Environmental urgency around food loss tends to focus on production-side climate risk, drought,
flooding, pest outbreaks in the field, while a comparably large and more immediately addressable
loss occurs after harvest, within storage structures that receive far less research and policy
attention despite consuming, by some estimates, a fifth or more of smallholder pulse harvests
before any of it reaches consumption or market [ 2. Cowpea, an important grain legume across
much of West Africa valued both for direct consumption and as seed stock for the following
planting season, is particularly vulnerable to storage losses given its susceptibility to bruchid
beetle infestation, a pest that can establish within stored grain from field infestation carried over
at harvest and multiply rapidly under favorable storage conditions [ 1.

Storage structure choice represents one of the most direct, farmer-controllable levers for reducing
this loss, yet traditional storage methods, woven baskets, unlined granaries, and similar structures
common across much of the region, offer minimal protection against both moisture ingress and
insect entry, relying instead on supplementary practices like ash lining that provide only partial
protection at best > ¢ Hermetic storage technologies, which create an oxygen-limited
environment that suppresses insect metabolism and reproduction regardless of whether some
insects were present in the grain at sealing, have shown strong performance in research on other
stored grains and pulses, though direct comparison against the full range of storage options
actually in common use, from fully traditional to fully modern, within a single trial remains less

common than pairwise comparisons of hermetic technology against one traditional baseline alone
7.8
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Seed-intended grain carries an additional quality dimension
beyond consumption-grade storage quality, since germination
viability specifically depends on preserving seed embryo
integrity against both moisture-related metabolic deterioration
and physical insect feeding damage, meaning storage structure
choice has consequences extending into the following season's
planting success, not just the immediate storage period's grain
quality ©1.

This research set out to compare five storage structures
spanning the full range from traditional to modern technology
directly under identical conditions over a demanding six-month
storage period, tracking moisture, insect infestation, weight
loss, germination, and protein retention together, to provide
farmers and extension services with a comprehensive, directly
comparable basis for storage structure investment decisions.
Objectives were to quantify seed moisture content, insect
infestation, weight loss, germination percentage, and protein
retention of stored cowpea across five storage structures over
six months, and to identify which structure offers the strongest
overall seed quality protection, with particular attention to
germination viability relevant for seed-intended grain
specifically.

Materials and Methods

Materials

Cowpea variety 'Guinee Local-3', a widely grown variety across
the Conakry region, was harvested at physiological maturity,
threshed, and sun-dried to 11-12% moisture content before
storage treatment allocation. Five storage structures were
compared: standard woven jute bags (50 kg capacity), rigid
plastic containers with snap-lock lids (20 L capacity),
galvanized metal bins with gasket-sealed lids (20 L capacity),
vacuum-sealed hermetic bags (high-barrier polyethylene, heat-
sealed after air evacuation), and traditional woven basket
storage lined with wood ash, following common local practice,
as the baseline representing widely used traditional methods.

Field experimental design

Grain samples of 5 kg each were allocated to each of the five
storage structures, with six replications per treatment, and
stored under ambient warehouse conditions at Conakry Institute
of Agricultural Sciences for six months, from June to December
2024, spanning the region's warmest and most humid period,
considered the most demanding test window for storage
structure performance against both moisture and insect
pressure. All grain batches were drawn from the same harvest
lot to control for initial insect load and seed quality variation
across treatments.

Methods

Grain moisture content was measured monthly using a
calibrated grain moisture meter. Insect infestation was assessed
monthly through visual inspection and internal damage
assessment of a 200-gram sub-sample from each replicate,
calculating the percentage of seeds showing bruchid beetle
damage. Weight loss was calculated as the percentage reduction
in total sample weight from initial to each monthly assessment
point, accounting for both insect feeding loss and any moisture-
related weight change. Germination percentage was tested at the
start of storage and at the six-month endpoint following
standard germination testing procedure. Seed protein content
was determined by the Kjeldahl method on samples from the
start and end of the storage period. Data were analyzed using
analysis of variance appropriate to a randomized design, with
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treatment means separated using the least significant difference
test at 5% probability.

Results
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Fig 1: Grain moisture content trajectory across six months of storage
under five storage structures

The moisture trajectories in Figure 1 show hermetic bag storage
holding moisture content nearly flat across the full six months,
while traditional basket storage shows the steepest and most
consistent moisture rise, tracking ambient humidity fluctuation
closely given the basket's minimal barrier against moisture
exchange with the storage environment.

Table 1: Grain moisture, insect infestation and weight loss after six
months of storage under five storage structures

Storage structure Mc_)isture . Ins_ect Weight

gain (%)| infestation (%) |loss (%)
Jute bag 5.6 28.4 8.6
Plastic container 2.4 12.6 4.2
Metal bin 1.6 3.2 1.9
Hermetic bag 0.8 1.9 1.4
Traditional basket (ash-lined) 7.2 36.4 11.8
LSD (p = 0.05) 0.4 2.1 0.8

Metal bins recorded insect infestation nearly as low as hermetic
bags, 3.2% against 1.9%, despite lacking hermetic sealing's
active oxygen limitation, confirming that a strong physical seal
against insect entry can achieve much of hermetic storage's
insect exclusion benefit even without the additional oxygen-
limitation mechanism, though metal's higher moisture gain
relative to hermetic bags shows this physical barrier alone does
not replicate hermetic storage's full quality protection profile.

Table 2: Germination percentage and protein retention after six
months of storage under five storage structures

Storage structure Germination Protein retention
(%) (%)
Jute bag 68.4 88.2
Plastic container 82.6 93.6
Metal bin 88.9 95.8
Hermetic bag 91.2 97.4
Traditionlz_il basket (ash- 581 826

ined)

LSD (p =0.05) 2.8 14
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Germination percentage fell by more than a third under
traditional basket storage relative to the initial baseline, a
decline that would substantially compromise the following
season's planting outcome if this grain were used as seed stock

https://www.agriculturejournal.net

rather than sold for consumption, underscoring how directly
storage structure choice affects not just current-season grain
quality but next season's production potential as well.
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Fig 2: Storage treatment allocation and monitoring protocol followed across all five storage structures

Comprehensive interpretation

Environmental urgency reconsidered: The scale of quality
loss recorded under traditional basket storage, more than a third
of germination capacity lost and over a third of seeds showing
insect damage within six months, illustrates why post-harvest
storage deserves attention comparable to the production-side
climate risks that more commonly dominate food security
discussions. This loss is not a slow-moving, hard-to-address
problem the way some climate adaptation challenges are; it is a
storage structure choice available to address within a single
season, at a cost, based on this research's data, that scales
favorably against the grain value protected, particularly once
seed-stock value, not just consumption value, is factored into
the comparison.

Discussion

The scale of difference between hermetic storage and traditional
basket storage recorded here sits consistent with hermetic
storage research on other pulse and cereal crops, which
generally reports substantial insect infestation and germination
protection benefits from oxygen-limited storage relative to
traditional, unsealed storage methods, particularly under the
warm, humid ambient conditions this research deliberately
selected as a demanding test window [ 1% The magnitude
recorded here, more than double the insect infestation rate under
traditional storage relative to hermetic bags, reinforces that this
technology's benefit is not marginal but represents a substantial,
practically significant difference in storage outcome.

Metal bins' strong performance on insect exclusion despite
lacking hermetic sealing's oxygenlimitation mechanism
supports treating physical barrier integrity and oxygen
limitation as two somewhat separable protective mechanisms,
both contributing to storage quality but through different
pathways, physical exclusion preventing new insect entry
regardless of internal
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atmosphere, while oxygen limitation additionally suppresses
any insects already present at sealing from reproducing
successfully [ . This distinction has practical relevance for
storage structure recommendations: metal bins, being durable,
reusable, and requiring no specialized sealing equipment, may
offer a more accessible intermediate option for farmers unable
to justify hermetic bag costs, capturing much of the insect
protection benefit even if moisture control remains somewhat
less complete than hermetic sealing achieves.

Ash lining's partial protective contribution to traditional basket
storage, evident in this research's baseline traditional treatment
already incorporating this common local practice yet still
showing the weakest overall performance, suggests that this
widely used traditional intervention, while better than no
treatment at all based on supplementary comparison, falls
considerably short of what modern storage structures can
achieve, a finding with direct relevance for extension messaging
that should be clear about ash lining's limited protective value
relative to structural storage upgrades rather than treating it as
an adequate stand-alone solution 2 3], Economic comparison
of storage technology options elsewhere has similarly found
that the grain value protected by improved storage structures
generally justifies their added cost within a single storage
season, reinforcing that this is an investment decision with a
fairly rapid payback rather than a long-term capital commitment
[14]

Limitations

This research was conducted over a single six-month storage
cycle during the region's warmest and most humid season, and
results may differ under cooler or drier storage conditions, or
over storage durations extending beyond six months where even
hermetic storage may eventually show some quality decline as
trapped moisture and grain respiration interact over longer
timeframes. Only one cowpea variety was tested, and storage
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structure performance could differ somewhat for pulse species
or varieties with different seed coat characteristics or initial
insect susceptibility than the variety used in this research.

Conclusion

Post-harvest storage loss in pulse crops deserves attention
comparable to the production-side risks that more commonly
dominate food security and climate adaptation discussions, and
this research set out to compare five storage structures directly
to quantify how much storage choice actually matters for
cowpea seed quality over a demanding six-month period.
Hermetic bag storage preserved seed quality most effectively
across every measure tested, moisture content, insect
infestation, weight loss, germination percentage, and protein
retention, while traditional ash-lined basket storage, still widely
used across the region, performed weakest on every measure,
losing more than a third of germination capacity within the six-
month research period. For farmers and seed producers in this
region, particularly those storing grain intended for the
following season's planting, these findings support hermetic bag
storage as the strongest available option, with metal bins
offering a durable, reusable intermediate choice capturing much
of hermetic storage's insect protection benefit where hermetic
bags are not readily accessible. Future research extending this
comparison across additional pulse species, storage durations
beyond six months, and cooler storage conditions would help
establish how broadly these storage structure recommendations
generalize across the diverse post-harvest storage needs
smallholder farmers in this region actually face.
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