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Lack of access to high quality seeds is a major factor contributing to
the worsening of food security situation in Africa and the integra-
tion of the formal and informal seed sectors has been advocated
as the most viable option for boosting seed security. However, there
are concerns about the quality of seeds from the informal sector
for which information is not available. To bridge this gap, maize
(Zea mays L.) seed samples were drawn from community seed
producers in five states in southwest Nigeria. Seed moisture con-
tent was estimated gravimetrically and the samples were subjected
to seed quality tests, namely standard germination, accelerated
aging, and conductivity tests. Across states, locations within states
and producers, overall mean standard germination percentage
was 91.45 ± 1.51%, standard germination index 5.63 ± 0.16 d,
accelerated aging germination 47.10 ± 6.15%, accelerated germi-
nation index 9.59 ± 0.77 d and conductivity 8.48 ± 0.68 µS cm−1

g−1. These results indicate a physiologically-nonuniform seedlot
with high viability but low vigor. State-to-state as well as farmer–
to-farmer variability in the viability and vigor of the seeds were
also significant (p < 0.05), suggesting limited knowledge of the
community seed producers on production and handling of high
quality maize seeds. It was concluded that the production of high
quality maize seed could be achieved in wetter agro-ecologies and
by community seed producers. However, this will require capacity
enhancement of the community seed producers and managers in
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areas like management and harvesting of seed crop, management
of postharvest operations, and detailed record-keeping.

KEYWORDS vigor, community seed production, quality control

INTRODUCTION

High quality seeds of improved crop varieties are pivotal to achieving food
security which is a current global engagement with particular emphasis on vul-
nerable areas like Africa, where food security problem has been perennial and
seemingly intractable. Guaranteed access to quality seed can only be achieved
if there is a functional seed supply system to multiply and distribute seeds of
improved and adapted varieties to farmers because of the high dependence
of food security on seed security (Seed and Plant Genetic Resources Service
[AGPS] 1999). Availability of high quality seeds of crop varieties is still the
major constraint for African farmers in spite of the existence of national seed
programs for decades. In West Africa, where majority of farmers are resource-
limited peasants, the formal seed sector supplies less than 10% of national seed
requirement (Mulioleka1999; AGPS 1999, Federal Ministry of Agriculture and
Water Resources 2008) and this has exacerbated the food security situation in
the region. For example, the formal and semi-formal seed sectors supply less
than 5% of Nigeria’s maize seed requirement despite the fact that maize seed
production and sale account for more than 65% of seed companies’ profits
(Ajayi, Omidiji, and Shobowale 2008). According to Friis-Hansen (1995), the
high centralization of the formal seed sector, coupled with high costs, made
the sector inefficient in meeting peasant farmers’ seed needs.

The failure of the formal sector on the one hand, and the weakness
of seed-supply systems on the other to guarantee seed security to farmers
necessitated the search for alternative strategies for seed supply for small-
holders, as well as integration of the formal and informal sectors (German
Foundation for International Development 1994; Rohrbach, Bishaw, and van
Gastel 1997; Technical Centre for Agricultural and Rural Cooperation 2000)
resulting in the present day community seed-production system. This was
aptly described by Friis-Hansen (1995) as a decentralized, location-specific,
and sensitive approach to seed production and distribution involving small-
scale organizations. The gross limitation of formal seed sector in meeting
the seed needs of peasant farmers is typified by the Nigerian situation
where formal sector seed production is done only in the Northern drier
guinea savanna agro-ecologies; coupled with the limited national seed-
production capacity, farmers in the southern, wetter forest agro-ecologies
rarely get seeds from the formal sector. Consequently, about 52% of farm-
ers in southwest Nigeria use seeds from their previous harvests, 25% obtain
seeds from extension agents, 17% from seed dealers, and about 5% from
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research institutes (Daniel and Adetumobi 2006). A majority of the farmers
used previous harvests as seeds partly out of fear of uncertainty of getting
seed supply whenever they needed it or because prices are not affordable.
It was estimated from a two-year (2006–2008) on-farm trial of new improved
maize varieties under the presidential initiative on doubling maize (PIDOM)
that farmers in the southwest were losing 35%–50% grain yield as a result
of lack of seeds of improved maize varieties (S. O. Ajala, S. A. Olakojo, and
S. A. Ajayi, unpublished data).

There is paucity of information about the operation of the informal seed
sector in sub-Saharan Africa partly because there had been little governmen-
tal support for the development of the sector in the region (AGPS 1999).
In order to meet its food-security targets, the Nigerian government is lend-
ing support through active promotion of community-based seed growers’
scheme (Federal Ministry of Agriculture and Water Resources 2008). One
of the major concerns about integrating community seed production with
the formal sector is whether the quality of seeds from the informal sec-
tor will meet basic minimum requirements (Louwaars and Marrewijk 1996;
Rohrbach, Bishaw, and van Gastel 1997). In addition, the relatively wet-
ter, forest and derived savanna ecologies that characterize the southwest
zone of Nigeria have been considered unsuitable for the production of high-
vigor seeds. This study was, therefore, undertaken to ascertain the extent to
which these concerns were genuine for the southern part of Nigeria and by
implication environments with similar agro-ecological conditions elsewhere.

MATERIALS AND METHODS

Plant Material and Experimental Layout

Ear samples of seedlots of commercial varieties produced by community
seed growers were collected through the seed units of the Agricultural
Development Programs (ADPs) in five States in the southwest zone of
Nigeria at harvest in the early planting season of 2007. The States were Ekiti,
Lagos, Ogun, Ondo, and Osun. In four of the States, composite samples
were taken from bulked seedlots from all the farmers used as out-growers.
Sixteen individual samples were taken from 16 lots in Osun State, with each
lot coming from different farmers who were spatially distributed across the
State. The samples were brought to the laboratory, where the ears were
dried at 40◦C and shelled. Seeds were then sorted and cleaned manually
after which the following tests were carried out.

SEED MOISTURE CONTENT

The moisture content of the seed samples was determined using the high
temperature oven method whereby seeds were weighed, ground, and
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placed in the oven at 105◦C for 48 h. Moisture content was calculated on
wet basis as follows:

% Moisture content =
(
Initial weight − Final weight

)

Initial weight
× 100

STANDARD GERMINATION TEST

Standard germination test was carried out in four replications of 100 seeds
in each replicate. Plastic germination bowls were filled with moistened
sand and seeds were evenly spaced on the sand, with the germinal side
facing down, and thereafter thinly covered with moistened sand. The bowls
were covered with nylon sheets to conserve moisture and kept at ambient
temperature (27◦C–32◦C). Germination counts were made from the 4th to
the 7th day after planting. At the 7th day, seedling analysis was carried
out and the numbers of normal and abnormal seedlings, as well as the
number of dead seeds were recorded. Germination was interpreted as the
percentage of seeds producing normal seedlings (International Seed Testing
Association 1993).

Germination percentage (GPCT)

= Number of normal seedings emerged

Total number of seeds planted.
× 100

From the germination data above, germination index (GI) was calculated for
each replicate according to Ajayi and Fakorede (2000) as follows:

Germintaion index (GI)

=
∑

(Nx)(DAP)

Total number of seedlings that emerged on final day

where Nx is the number of seedlings that emerged on day x after seeding,
DAP is days after planting.

ACCELERATED AGING GERMINATION TEST

The accelerated aging germination test was performed according to the pro-
cedure outlined by Hampton and TeKrony (1995). Seeds were weighed
before and after aging, aging being the exposure of seeds to 43◦C and
100% relative humidity simultaneously. This was achieved by suspending the
seeds on wire mesh over water in closed accelerated aging boxes in an aging
chamber. At the end of the aging period, seeds were tested, as done for stan-
dard germination described previously. Accelerated germination percentage
and germination index were also computed, as described earlier.
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ELECTRICAL CONDUCTIVITY TEST

Fifty intact seeds in four replicates were counted, weighed, and placed in
a glass flask containing 100 ml of distilled water. The flasks were covered
with aluminum foil to prevent contamination and the flasks were gently
shaken intermittently. Conductivity measurements were taken after 24 h at
25◦C reference temperature using Mettler Toledo MC126 conductivity meter.
All measurements were expressed as µS cm−1 g−1 and the results were
interpreted, as suggested by Hampton and TeKrony (1995).

STATISTICAL ANALYSIS

Data collected from the seed-quality tests were analyzed using Statistical
Analysis System (SAS) version 8.1 (SAS Institute 1999a, 1999b). Analysis of
variance (ANOVA) was carried out for all the tests. Least significant differ-
ence (LSD) was used for mean separation whereas Pearson’s correlation was
carried out for all the quality traits. Two sets of analyses were carried out.
One analysis was on the composite data from all the states, and the second
on data from individual farmers from Osun State where sampling was done
on individual-farmer basis. Mean values across farmers for each replication
were used as the Osun State’s composite data. Additionally, data collected
for each seedlot from the state were also analyzed.

RESULTS AND DISCUSSION

The success of any food security program is highly dependent on the extent
to which farmers are guaranteed seed security. Integration of informal seed
sector through active support and promotion of community-based seed pro-
duction is the most viable option for farmers in sub-Saharan Africa. To assess
the benefits of modern crop improvement programs, provision of quality
seeds needs to be closely monitored (AGPS1999). The range of values of
seed quality traits across five states in southwest Nigeria was such that the
maximum values were at least twice the minimum respective values for
seed moisture content, accelerated aging germination percentage, acceler-
ated aging germination index, and bulk conductivity (Table 1). The analysis
of data from 16 individual seed producers in Osun State revealed even wider
variability for many traits. With the exception of standard and accelerated
germination indices, maximum values for all the traits were either almost or
more than twice the minimum respective values (Table 2), suggesting lack of
seedlot uniformity, which is an integral component of seed quality (Hampton
and Kåhre 1994). Furthermore, the traits with high variability, namely stan-
dard germination, accelerated ageing germination, and bulk conductivity,
are those that could be assessed singly and accepted as a fair indicator of
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TABLE 1 Overall Range, Standard Deviation, and Mean for Quality Traits of Farmer-Produced
Maize Seeds Across Five States in Southwest Nigeria

Traits Range SD M ± SE

Seed moisture content (%) 8.90–17.14 3.05 13.63 ± 0.96
Standard germination (%) 78.00–99.00 6.75 91.45 ± 1.51
Standard germination index (days) 4.81–6.75 0.71 5.63 ± 0.16
Accelerated aging germination (%) 2.00–84.00 27.51 47.10 ± 6.15
Accelerated aging germination index (days) 4.78–14.67 3.42 9.59 ± 0.77
Water imbibed during aging (%) 13.25–18.00 1.21 14.78 ± 0.27
Bulk conductivity 5.40–14.10 3.02 8.40 ± 0.68

TABLE 2 Range, Standard Deviation, and Mean for Quality Traits of Farmer-Produced Maize
Seeds in Osun State

Traits Range SD M ± SE

Seed moisture content (%) 8.22–15.31 1.99 11.74 ± 0.35
Standard germination (%) 49.00–99.00 13.65 82.83 ± 1.71
Standard germination index (days) 5.26–7.00 0.45 6.51 ± 0.06
Accelerated aging germination (%) 50.00–98.00 9.00 83.91 ± 1.13
Accelerated aging germination index (days) 4.02–5.87 0.35 4.84 ± 0.04
Water imbibed during aging (%) 6.58–18.38 1.93 14.73 ± 0.24
Bulk conductivity 3.78–16.22 2.82 6.60 ± 0.35

physiological seed quality when faced with time or material limitation for
comprehensive seed quality assessment.

These observations point to weak quality control which is a major
determinant of successful and sustainable seed-supply system. Nine percent
seed moisture at harvest is too low for seed production locations within
forest transition and derived savanna ecologies typical of the five states.
Generally, weathering is a serious seed problem at such locations because
it is enhanced by the deleterious combination of moderately high temper-
ature and humidity (Powell 2006). Although, such low moisture content
is achievable in the late season, it is only possible if the seed crop was
left for a relatively longer period but at the expense of critical vigor traits.
This explains the commercially and agronomically unacceptable low overall
mean values for accelerated aging germination, and similarly high acceler-
ated aging germination index. This compromise of quality is traceable to
many factors which could include lack of technical competence about man-
aging seed crop on the part of the community seed growers, inappropriate
postharvest handling of seeds and poor quality control. This compromise
could be corrected by training the community seed producers on the prin-
ciples and practice of high quality seed production, optimum harvest time,
safe postharvest handling, and simple quality control mechanisms. At the
respective ADPs’ seed processing unit, postharvest handling and processing
of seed harvests should be done on individual farmer basis, with adequate
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TABLE 3 Mean Squares from ANOVA of Quality Traits for Farmer-Produced Maize Seeds in
Southwest Nigeria

Seed quality traits Rep State Error CV R2 (%)

Seed moisture content (%) 0.07 20.79∗∗ (99.42%)a 0.10 2.36 99.50∗∗∗
Standard germination (%) 24.45 124.68∗ (57.66%) 24.41 5.40 66.14∗
Standard germination index (days) 0.14 1.55∗∗ (65.26%) 0.75 13.86 68.85∗
Accelerated aging germination (%) 12.47 3558.70∗∗∗ (98.99%) 8.97 6.36 99.25∗∗∗
Accelerated aging germination
index (days)

2.18 48.39∗∗∗ (86.99%) 1.87 14.25 89.93∗∗∗

Water imbibed during aging (%) 0.84 5.33∗∗∗ (76.15%) 0.35 3.99 85.10∗∗∗
Bulk conductivity 0.17 42.51∗∗∗ (98.17%) 0.22 5.61 98.46∗∗∗

a Proportion of total sums of squares accounted for by state.
∗p < .05 ∗∗p < .01 ∗∗∗p < .001.

record keeping rather than the prevailing practice of bulking all harvests.
Year-to-year monitoring of the seed quality from each farmer and location,
as well as stringent inspection and certification measures should be put in
place until all factors responsible for poor seed quality are identified and
eliminated. Avoiding bulking of seeds for processing will eliminate seedlots
from farmers or locations where seed quality falls below basic acceptable
minimum standards.

The Coefficient of variability (CVs) associated with the combined anal-
ysis of variance were generally low, below 10% for all traits except two
(standard and accelerated germination indices; Table 3). The associated
coefficient of determination, R2, though moderate for viability traits (stan-
dard germination traits), was high for seed moisture content and vigor
traits (accelerated aging and conductivity traits). Mean squares due to the
state in which seeds were produced were significant (p < .05) for all the
traits. The high proportions of the total sum of squares for vigor traits that
were accounted for by state are a clear evidence of the possibility of pro-
ducing high quality seeds in all the states because unlike viability, vigor
traits are more influenced by seed-production environment (Dornbos 1995,
Powell2006). Strictly speaking, variability in germination parameters appears
to be highly dependent on genotype (Soyelu et al. 2001) and less respon-
sive to other factors because it is usually carried out under ideal conditions.
This has been a consistent observation in all our previous studies aimed at
partitioning variations in maize seed germination and seedling vigor (Ajayi
and Fakorede 2000, 2001, 2007).

Seed moisture at harvest was significantly different (p < 0.05) for all
the states (Table 4), with seeds produced in Ekiti State having the least and
those in Ogun State the highest, almost twice the mean for Ekiti State. This
result is not totally unexpected because Ogun State being a coastal state
would have higher moisture than Ekiti State. Seeds from Osun State had
the least standard germination but the highest accelerated aging germination
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TABLE 4 Mean Values of Quality Traits of Farmer-Produced Maize Seeds in Southwest Nigeria

Seed quality traits Ekiti Lagos Ogun Ondo Osun

Seed moisture content (%) 8.92a 15.14b 16.71c 15.63b 11.74d
Standard germination (%) 96.75a 93.75ab 88.75bc 95.00ab 83.00c
Standard germination index (days) 5.78ab 5.16bc 5.82ab 4.90c 6.49a
Accelerated aging germination (%) 39.50a 46.00b 62.50c 3.50d 84.00e
Accelerated aging germination index (days 8.28a 9.18a 14.01b 11.67c 4.83d
Water imbibed during aging (%) 14.26a 14.36a 16.83b 14.02a 14.44a
Bulk conductivity 9.06a 6.63b 5.92b 13.82c 6.56b

Means with the same letter on a row are not significantly different at p < .05.

percentage. Seeds produced in Ondo and Osun States had the least standard
germination index and accelerated aging germination indices, respectively.
The same trend for accelerated aging germination was observed for bulk
conductivity test—seeds produced in Osun State gave the highest (p < 0.05)
mean value whereas seeds produced in Ondo State gave the least (p < 0.05)
mean values.

While seed moisture content and standard germination are indicators
of the general physiological state and viability of seeds, respectively, accel-
erated aging and conductivity traits are indicators of vigor, which in simple
terms deals with the inherent ability of seeds to withstand and perform well
under non-uniform and non-ideal field conditions (Elias2006). Accelerated
aging test is generally accepted as a robust vigor test that reveals both the
field emergence and storage potential of a seed lot (Black, Bewley, and
Halmer. 2006), Viability and bulk conductivity of seeds from all the states
were satisfactory; seeds produced in Ekiti, Lagos and Ondo States, however
had low accelerated aging germination. Vigor potential of seeds produced
in Osun and Ogun States was consistently moderately high, compared with
low vigor potential of seeds produced in Ondo State. Only seeds from Osun
State met the recommended 70% minimum acceptable level of accelerated
aging germination for seedlots that can sustain food production (Woltz and
TeKrony 2001). This level is considered reasonable for a growing seed indus-
try typified by Nigeria’s seed industry where formal sector supplies less than
10% of the national maize seed requirement (Ajayi and Fakorede 2003; Ajayi,
Omidiji, and Shobowale 2008; Drew and Ajayi 2010).

Community seed production holds promise for rapid dissemination of
high quality seeds of improved and adapted varieties. There is also the pos-
sibility of production of such seeds in relatively wetter agro-ecologies if
seed crop is properly managed. However, there is an apparent gap in the
technical know-how of community seed producers, as a result of which
physiological quality is being compromised. This could be ameliorated
through capacity enhancement and technical backstopping in the manage-
ment of seed crop, optimum time and conditions for seed crop harvesting,
management of postharvest operations, and comprehensive record keeping,
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which are areas where competences of the seed producers and managers are
apparently insufficient to cope with the challenge of consistently producing
high quality seeds across time.
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