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INTRODUCTION

and seed received from public research institutions. Forty-six, forty-five, and nine seed
samples were collected from these respective sources in 2019 during the planting season
across five regions in Ghana. Uniformity of phenotypes from seed samples was at least
96% for all sources with the greatest uniformity observed for plants derived from seed
collected from research institutions. Field emergence was greatest for seed collected from
research institutions followed by farmer-saved seed and then seed collected from local
markets. However, field emergence did not exceed 53% of seed planted regardless of seed
source. Nine fungal species were identified on peanut seeds, with Aspergillus niger, A.
Havus, and Curvularia lunata being the most prevalent. However, differences among seed
sources were noted only for A. nigerand A. tamarii.

has not been able to supply the increasing demand by
consumers. Historically, peanut yield in Ghana was lower than
the estimated attainable yield of 2.50 to 3.50 MT/ha (MOFA,
2021). For example, average yield in 2016 and 2020 was 1.3

Peanut (Arachis hypogaea L.) contributes to food security and
serves as a cash crop in Ghana (Angelucci and Bazzucchi, 2013;
Quifiones and Diao, 2011). cultivated by
approximately 74% of households in the Northern Savannah of
Ghana and is an important source of protein in human diets
(Quifiones and Diao, 2011). It is the most popular legume crop
cultivated in Ghana. In 2016, farmers in Ghana produced
approximately 425,825 MT of peanut on 336,450 ha of land.
In 2017 and 2018, 433,772 MT and 521,032 MT were
produced on about 338,000 ha and 394,231 ha, respectively
(FAOSTAT, 2020). However, the current production of peanut

Peanut is

Mt/ha and 1.67 Mt/ha in the country, respectively (MOFA,
2016, 2017, 2021).

Numerous affect
contamination by aflatoxin for peanut (caused by A. flavusand
A. parasiticus) (Jordan er al.,, 2018; Nigam er al., 2018).
Limited access to improved cultivars and quality seed are major
contributors to low yields and quality (Akpo er al., 2021;
DFID, 2014). The seed sector in Ghana is characterized by two

sources that include informal and formal seed systems. The

factors can

yield, quality, and

informal seed system is the primary source of seed for planting
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and consists of seed saved by farmers (Anonymous, 2016;
Puozaa eral., 2021). The formal seed system includes certified
seed. Certified peanut seed accounts for only 1% of plantings
by farmers in Ghana (Anonymous, 2016). Farmers also rely on
seed purchased in local markets as well as exchanges with other
Owusu-Adjei er al. (2017) reported that 59% of

peanut producers source seeds from their previous harvest, 28%

farmers.

purchase seeds from local markets, and 13% obtain seeds as gifts
from non-governmental organizations, friends, and relatives.
However, the quality of seeds obtained from these sources is a
concern and documentation of quality is limited. According to
FAO (2018), the level of seed quality can vary within the
informal seed system depending on the source of seed. Less
than ideal stand establishment is associated with seed quality
(Matthews eral., 2012). Greater seed quality is associated with
a 15-20% increase in yield (Abebe eral., 2017; Chauhan eral.,
2015).

Information relative to quality across all sources of peanut
seed in Ghana is limited. Therefore, the objective of this
research was to compare seed quality attributes that exist in
peanut seed obtained from farmers, local seed markets, and
research institutions.

MATERIALS AND METHODS

Seeds were collected in Ghana from 46 farmers, 45 open
markets, and 9 research institutes across the Northern, Upper
West, Upper East, Ashanti, and Bono East Regions in
November 2019. These regions constitute 98% of peanut
production in Ghana (MOFA, 2017). The research institutes
where samples were collected included the Council for
Scientific and Industrial Research-Crops Research Institute
(CSIR-CRI) and the Council for Scientific and Industrial
Research-Savanna Agricultural Research Institute (CSIR-
SARI). Seed was stored in poly sacks at ambient temperature
for approximately three months prior to the seed quality
evaluations. This approach to storage is similar to that of
farmers in Ghana.

Seed moisture was determined using a portable seed
moisture tester (Moisture Chek-Plus-SW08120, John Deere,
AgraTronix, Streetsboro, OH) for each sample using three
replicated seed lots. Physical purity of seed was determined
using 400 g of seed removed from samples. Seed in each sample
was separated into three components including 1) seed only, 2)
other crop seed, and 3) foreign matter. Each component was
weighed and percent of total sample calculated.

Germination was determined using the pure seed fraction
collected from each sample. Two-hundred seeds were divided
into four replicates of fifty seed and planted on sand substrate
in 34 cm x 11.5 cm size plastic dishes. Two-thirds of the plastic
dishes were filled with sterilized loamy-sand soil. Germination
dishes were maintained in a greenhouse at 25 + 2°C. The
number of germinated seed was recorded 5 d after water
imbibition daily through 10 d and calculated as a percentage of
seed placed in each dish. At the end of day 10, normal seedlings
were counted and expressed as percentage of total seed. Seed
vigor was measured using Mean Germination Time (MGT)
and Mean Germination Rate (MGR) procedure (Ranal ez al.,
2009).

A sub-set of collected samples was randomly selected to
document the presence of pathogens associated with seed and
included 11 samples from farmer-saved seed, 30 samples of seed
from open markets, and 9 samples of seed from research
institutions. Potato Dextrose Agar media (PDA) was prepared
from a commercial product (Sigma-Aldrich, Steinhein,
Germany). Samples were individually sterilized in 50 ml of a
10% sodium hypochlorite solution for 30 s followed by a rinse
in 50 ml of distilled water. The sterilized seeds were then
inoculated on 9.0 cm petri dishes containing PDA media. Five
seed in ten replicates were arranged equidistantly on the media.
Samples were incubated at 25 + 2°C for 7 d under 12 h
alternating light and dark conditions. On the eighth d, seed was
examined for fungal infection. Fungal infection was examined
through visual assessment of the fungal colonies. Fungi were
identified based on morphological features of colonies
including color and texture (Diba er al., 2007; Klich, 2002).
The number of seeds with visible infection was determined and
expressed as percentage of total number of seeds.

Phenotype uniformity of plants produced from seed from
95 samples was assessed after planting in the field. Fifty seed
from each sample were planted in rows spaced 75-cm apart with
seed spaced 30-cm apart with a plot length of 4 m. Seed samples
were replicated three times. Individual plants were examined
throughout the growing season to determine the number of
plants with the same phenotype characteristics deviating from
the majority of plants. The total number of plants and those
deviating were recorded at maturity and expressed as percentage
relative to the majority of morphological features of plants.

The experimental design in all experiments was a
completely randomized design with three replications. Data for
average moisture content, germination percentage, emergence
percentage, germination time, germination rate, and plant
phenotype uniformity for the 45 collections from farmers, 46
collections from open markets, 9 collections from research
institutes were subjected to analysis of variance. Data for
infection by pathogens for 11 collections from farmers, 30
collections from open markets, and 9 collections from research
institutes were also subjected to analysis of variance. Means were
separated using the Fisher’s Protected LSD test at p < 0.05.

RESULTS AND DISCUSSION

Moisture content of seeds from the research institutes was lower
than seed obtained from the market or saved by farmers (Table
1). Farmer-saved seed recorded the highest average moisture
content (6.57%) while seed obtained from the research
institutes recorded the lowest moisture content (5.42%).
Dhedhi eral. (2017) reported mean moisture content of 5.07%
for peanut in India. Moisture content of 7.5% is widely
reported as the most appropriate storage for peanut (Beuchat
and Koehler, 1979; McDonald and Copeland, 2012; Nautiyal,
2002; Smith eral., 1995). However, lower amounts of moisture
content can be achieved with oil crops (Sastry eral., 2007). The
low moisture content recorded in the present study may be
attributed to the dry climatic conditions of seed collection,
suggesting that seeds were dried adequately before storage.
Gebeheyu er al. (2019) reported similar results in rice (Oryza
sativa L.) seeds in Tanzania.
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Table 1. Moisture content of seed and plant phenotype uniformity of plants from seed collected across informal and formal seed

sectors in Ghana.?

Seed source

Moisture content of seed

Plant phenotype uniformity

Farmer 6.57 a
Open market 6.09b
Research institutes 5.43 ¢
P>F <0.001
Coefficient of variation (%) 0.7

96.8c
98.4b
100.0 a
<0.001
0.3

*Means within a column followed by the same letter are not significantly different at p < 0.05 based on Fisher’s Protected LSD test.

No difference in purity among seed sources was observed
and exceeded 98% (data not shown). This is most likely because
individuals in all three segments of the seed industry shell
farmer stock by hand and separate fractions by hand for the
market (e. g., splits, damaged kernels, and foreign material).

Germination in the greenhouse and emergence in the field
evaluating phenotype uniformity were affected by source (Table
2). Germination in the greenhouse was 54.1%, 50.9%, and
66.5% when seed was collected from farmers, local markets,
and research institutes, respectively. Emergence in the field

from seed derived from these respective sources was 46.8%,
37.6%, and 53.1%. Germination was greater for seed collected
at research institutes than seed from farmers and local markets:
germination was similar for famer-saved and market-purchased
seed. When comparing emergence in the field, a higher
percentage was noted for seed from research institutes than local
markets while emergence of famer-saved seed was intermediate.
Although differences were noted in final germination and
emergence, no difference in germination was observed with

respect to MGT or MGR (Table 2).

Table 2. Germination and field emergence of peanut plants from seed collected from informal and formal sources across Ghana.

Greenhouse experiment

Emergence in field phenotype uniformity trial

Seed Source Total Total

germination  Time Rate emergence Time Rate

% d d! % d d!
Farmer 54.1b 2.25a 0.444 a 46.8 ab 9.98 a 0.100 a
Open market 50.9 b 2.23a 0.450 a 37.6b 10.15a 0.099 a
Research institutes 66.5a 2.06a 0.485 a 53.1a 9.84 a 0.102 a
P>F <0.001 0.081 0.067 0.007 0.152 0.163
Coefficient of variation (%) 3.3 4.7 4.5 6.4 1.5 1.5

*Means within a column followed by the same letter are not significantly different at p < 0.05 based on Fisher’s Protected LSD test.

Low germination and plant emergence in the field from
three seed sources is likely an indication of environmental and
edaphic conditions during the previous growing cycle,
nutrition in seed, timing and handling of peanut pods at
harvest, and storage conditions after harvest but before
collection for these experiments. Germination of seed and
peanut emergence from deteriorated seed can result in
establishment of uneven populations and seedlings with low
vigor (Biabani er al, 2011; Cho and Scott, 2000; Hamman er
al., 2002; Sharanappa eral., 2018).

Differences in plant phenotype uniformity were observed
based on seed source (Table 1). Seeds from research institutes
recorded the highest phenotypic uniformity levels (100%)
while uniformity of plants derived from farmer-saved seeds
was 97%. Uniformity of plants from local markets was 96%.

Nine fungal species were isolated from seed and included:

A. niger Tiegh., A. flavus Link, A. fumigatus Fresenius, A.

ochraceus Wilhelm, A. versicolor (Vuillemin) Tiraboschi, A.
tamarii Kita, Collecrotricum gleosporiodes Penz., Curvularia
lunata (Wakker) Boedijn, and 7richoderma viride Persoon.
Out of these nine fungal species, there was no difference in
infection for seven fungal species when comparing seed
sources (Table 3). Infection by A. tamarii was higher in
samples collected from local markets and research institutes
than seed saved by farmers. With respect to A. niger, infection
was greater for seed collected from research institutes
compared with farmer-saved seed: infection of seed from local
markets was intermediate. Although infection by A. Aavusand
Curvularia lunatawas relatively high, there were no significant
differences in infection among seed sources.

Even though seed samples from all three sources were of
low moisture content, high incidence of fungi were identified
and associated with the seed. Genetic factors such as cultivar
type can influence seed micro-flora as seed infection, micro-
flora and pathogens are cultivar-dependent and usually a result
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Table 3. Percentage of infection by pathogens in peanut seed collected from three sources in Ghana.*

Seed source A A A A A A Collectotricum  Curvularia  Trichoderma

niger favus  fumigatus  ochraceus  versicolor — tamaris gleosoriodes lunata virdi

%

Farmer 17.6 b 33.3a 42a Oa 06a 11.2b Oa 18.8a Oa
Open market 347ab 24.7a 33a O0a Oa 0a 7.3a 24.0a Oa
Research 422a 174 a 1.5a 22a Oa Oa 1.5a 20.0a 3.7a
institutes
P>F 0.034 0.258 0.477 0.160 0.444 0.001 0.444 0.853 0.001
Coefficient of 23.4 40.6 85.5 173.0 300.0 41.8 300.0 55.5 300.0

variation(%)

*Means within a column followed by the same letter are not significantly different at p < 0.05 based on Fisher’s Protected LSD test.

of cultivar resistance (Cochran, 2015). Additionally, the limited
availability of inputs for crop production and storage facilities
may impede the ability of these three sources to produce and
maintain quality seeds, especially in Ghana characterized by
warm climate where disease incidence can be high. Similar
results were reported by Adithya er al. (2017) where A. niger
was predominant followed by A. favus in peanut seed samples
collected from farmers and markets in India. Additionally,
Rathod eral., (2015) reported high incidence of A. niger (40%)
followed by A. flavus (15%) in seed samples obtained from the
research institute. Seed samples from the markets recorded the
highest fungal incidence of pathogens.

In conclusion, in some instances quality of farmer-
saved peanut seed was similar to quality of seed obtained from
the research institutes. Seed from the research institutes was of
higher quality than seeds from local markets and farmer-saved
seed in relation to physical purity and plant phenotype
uniformity.  Seed from all three sources were poor in
physiological quality and seed health. The poor performance of
farmer-saved seeds and that of seed from the local markets with
respect to physiological quality and seed health is most likely a
result of inadequate quality control at production, selection,
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