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ABSTRACT

Sorghum (Sorghum bicolor L. Moench) is an important crop that enhances food
security in a region. As a food crop, sorghum is nutritious, containing starch (75-79%)
as the major component, followed by protein (6.0-16.1%) and oil (2.1-5.0%). Despite
the crop’s versatility, it is regrettable that sorghum yields are still fairly low in Bomet
District of Kenya. One of the constraints associated with low yields is the accessibility
to good quality seeds by farmers. It was assumed in this study that use of low quality
seed was among the factors that could be significantly affecting the low production of
sorghum in the district. This study focused on the physiological quality of seed which
refers to the germination capacity, viability, characteristics related to dormancy and
vigour of the seed. A total of 100 farmers were interviewed and 80 seed samples were
obtained from 80 farmers. The seeds were subjected to viability and vigour quality
tests. These tests included germination (as a viability test); mean germination time
and electrical conductivity tests (as vigour tests). About 29% of the seed samples
taken for germination test were below the laboratory standards as stipulated in the
seeds and Plant Varieties Act (CAP 326). Critical electrical conductivity values and
critical mean germination time values were derived during the study. In accordance
with the critical values arrived at in this study, 27.5% of the seed samples showed
relatively high electrical conductivity readings and 36.3% of the seed samples showed
longer mean germination time. However, 11.3% of the seed samples showed high
germination percentages of above 90%. Since about 29% of farmers seeds were of
bad physiological quality, it was concluded that this proportion of seed can result in
poor yields and hence cause food insecurity to the people of the society, and thus
requires further consideration for improvement. This study recommends that further
research be conducted on the genetic, physical and sanitary quality aspects of seed
planted by farmers in Bomet District so that a definite conclusive statement about the
quality of seed planted by farmers in the District can be made.
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INTRODUCTION

Sorghum is one of the world’s major food crops, particularly in areas of low and
unreliable rainfall such as in arid and semi-arid regions [1, 2]. In Kenya, sorghum is
ranked third after maize and wheat as a food crop [3]. Bomet District of Kenya is
characterized by harsh environmental conditions like low and unreliable rainfall.
Farmers in these low production zones need to grow drought tolerant crops like
sorghums, finger millets and cassava if poverty has to be alleviated [4]. Sorghum
production in Bomet District is low [5].

Majority (98%) of sorghum small-scale farmers in Bomet District depend on the
informal seed supply systems for their seed [6]. The informal seed supply system is
comprised of systems such as retaining seed on-farm from previous harvests to plant
in the following season and farmer-to-farmer seed exchange networks [7, 8]. On-farm
seed is produced and managed by farmers themselves. The resultant seed quality of
on-farm produced seed depends on how well the seed crop was managed from land
preparation stage to harvest stage; how seed was threshed from the panicles; and seed
storage methods. Some of on-farm produced seed are at times of low quality. About
30% of the seed produced by farmers in Kenya are poor quality due to the use of poor
quality seed for planting, assuming all other factors are favourable [9].

Quality seed is one of the primary requirements for establishing food security to
farmers. Seed quality of a given seed lot is the degree of excellence of that seed when
compared to acceptable standards. Good quality seed meets the required biological,
physical, physiological (viability and vigour), genetic and pathological standards set
by quality control agencies [10]. Only quality seed can reproduce well and preserve
the future generation without deviating from the original seed properties [11]. Apart
from the genetic, analytical, physiological and health status of a seed, other seed
quality characteristics include moisture content, maturation, size and colour.
Guaranteeing farmers access to quality seed can only be achieved if there is an
efficient seed production and supply system in multiplication and distribution.
Enhanced productivity, reduced risks from pest and disease pressure, higher harvest
index, and higher incomes are some of the direct benefits potentially accrued to
farmers through the use of good quality seed.

Seed viability in this context refers to the capability of a seed to germinate and
produce a “normal seedling” [12]. Seed vigour is “those seed properties which
determine the potential for rapid, uniform emergence, and development of normal
seedlings under a wide range of field conditions” [13]. Hence a seed may be viable
but not of high vigour. Standard germination is a universally applicable test on
various crops and is used to determine seed viability. Standard germination test alone
is not adequate to indicate quality attributes of seed because it only indicates the
ability to produce normal seedlings in ideal conditions [14]. Therefore, an additional
test such as seed vigour may complement germination test. A universally applicable,
single vigour test for multiple crop types has not yet been identified. There are several
vigour tests such as tetrazolium, electric conductivity, speed of germination, seedling
growth rate, accelerated aging, brick grit, and cold tests [12]. Nutrient leaching from
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damaged or aged seeds formed the basis for conductivity vigour tests with a variety of
seed types [15]. Weak seeds can possess poor membrane structure, which results in
greater electrolyte loss and higher conductivity measurements in the imbibing
solution. Seed deterioration contributes to loss of vigour and eventually germination
[16].

The objective of this study was therefore to assess the quality (viability and vigour) of
sorghum seeds planted by small-scale farmers in Bomet District of Kenya.

MATERIALS AND METHODS

A total of 100 farmers were interviewed during a field survey in Bomet District, in
June and July, 2005 and in the process each farmer was requested to provide a sample
of 250 g of threshed seed which she/he was just about to plant in the next season
(which was beginning from December 2005 to January 2006). As such, 80 seed
samples were collected from 80 farmers, put in moisture proof bags (polythene bags)
and labeled (from label 1 to label 80) and taken to Eldoret for laboratory testing. The
moisture content of the samples was about 12% stored in a refrigerator at 2-5 °C
awaiting laboratory analysis. The laboratory experiments included germination, mean
germination and electrical conductivity tests. The labeling for each sample remained
consistent in all these tests.

Laboratory experiments

Determination of germination percentage of sorghum seeds (Standard
germination test)

Germination test was done according to International Seed Testing Association rules
(ISTA) [17]. Four hundred seeds were counted at random from each of the 80 seed
samples collected from farmers. The 400 seeds from each sample were grouped into
four replicates. The four replicates (each of 100 seeds) were then sterilized in one
percent sodium hypochlorite for ten minutes to reduce infection on the seed surface
by micro-organisms and also to recondition the seeds to stimulate germination. Filter
papers were moistened with distilled water and put in transparent sterlin Petri dishes
(each Petri dish contained three moistened filter papers). The filter papers were the
substrates on which seeds were grown. One hundred seeds of each of the four
replicates were arranged on top of the filter papers in Petri-dishes, and then the Petri-
dishes were covered tightly with fitting lids. The Petri-dishes were then put in a
germination cabinet at 25 °C (+ 5) that illuminated light in the whole period of the
test. The first count of emergent seedlings was taken on the fourth day and the final
count and seedling evaluation were done on the tenth day. Seedlings were evaluated
as normal seedlings; abnormal seedlings; hard seeds; rotten seeds; or diseased
seedlings in accordance with the instructions given in the ISTA rules [17]. The
percent germination was determined by the proportion of normal seedlings on the
tenth day.
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Determination of critical/standard mean germination time of sorghum seeds
(Speed of germination test)

The speed of germination test was done on the premise that, seeds high in vigour
would produce more seedlings within the first few days after sowing as compared to
the seeds that are low in vigour. Initially, the critical mean germination time was
determined, followed by the actual determination of mean germination time of the 80
seed samples collected from 80 farmers. The critical mean germination time derived
from this test was the standard value used to rate good quality and bad quality seed.

In the determination of the critical mean germination time of sorghum seeds, two
samples from different sources were used. One sample of sorghum seeds was
obtained from Kenya Agricultural Research Institute (KARI), Lanet and another
sample from a farmer’s store. The seed from KARI was considered to be a standard of
good quality seed because of its good storage conditions while the farmer’s seed was
considered to be a standard of poor quality seed as some of the seeds were infested by
weevils due to the poor storage conditions. Four replicates of 25, 50, 75 and 100 seeds
(of both good and poor quality seed samples) were subjected to speed of germination
test. The seeds were counted at random from the two seed lots. The four replicates
(each of the 25, 50, 75 and 100 seeds) from each of the two seed lots were then
sterilized in one percent sodium hypochlorite for ten minutes to reduce infection by
micro-organisms in accordance with ISTA [17]. Filter papers were moistened with
distilled water and put in transparent sterlin Petri dishes (each Petri dish contained
three moistened filter papers). The filter papers were the substrates on which seeds
were grown. The seeds of each of the four replicates were arranged on top of the filter
papers, and then the Petri-dishes covered tightly with fitting lids. The Petri-dishes
were then put in a germination cabinet at 25 °C (+ 5) with light illumination for the
whole period of the test in accordance with ISTA [17]. The count of emerged
seedlings in each Petri-dish was taken on a daily basis (after every 24 hours) until the
tenth day from the sowing date. The mean germination time was then calculated using
the following method [18]

Mean germination time = X(fx)
Z(f)
Where: fis the number of newly germinated seeds at a given time.
x is the number of days or hours counted from the day of sowing.

The critical mean germination time of sorghum seeds derived from this study was two
days. The critical number of seeds to be counted per sample derived from this study
was 100 seeds. The assumption made in this study was that since all good quality seed
samples (samples from KARI) took less than two days to germinate, any seed lot that
took more than two days to germinate was considered to be of poor vigour. Also, 100
seeds of both good and bad quality gave more stable results as compared to 25, 50 or
75 seeds.
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Determination of mean germination time of sorghum seeds

Having determined the critical mean germination time as described above (two days),
it meant that any sample that was going to take more than two days to germinate was
automatically rated as low quality seed. More so, the critical number of seeds to be
counted per sample derived as 100 seeds was used in this test. As a result, the
determination of the mean germination time of the 80 seed samples collected from 80
farmers was done by following the whole procedure as that which was used in the
determination of the critical values except that in this case, experiments on the
samples of 25, 50 and 75 seed counts were not carried out. Instead, only four
replicates of 100 seeds were counted at random from the seed lots of each collected
sample.

Determination of the critical (standard) electrical conductivity value of sorghum
seeds

Electrical conductivity test was done to complement the results obtained during the
performance of the mean germination time test. In the determination of the electrical
conductivity critical value of sorghum seeds, two samples were collected from two
different sources. One sample of sorghum seeds was obtained from KARI, Lanet and
another from a farmer’s store. The seed from KARI was a standard to be of good
quality because of its good storage conditions while the farmer’s seed was considered
to be of poor quality since it was infested by weevils due to the poor storage
conditions. The moisture content of both samples was determined by air oven method
and the samples were then subjected to the electrical conductivity test. From each of
the two samples four replicates of 25, 50, 75 and 100 seeds were counted at random
and weighed to three decimal places before being soaked in 250 ml - distilled water in
plastic containers at 20 °C in an incubator. Also, four replicates of 25, 50, 75 and 100
seeds in 200ml — distilled water; 150 ml — distilled water; 100 ml — distilled water;
and 50 ml — distilled water were set up in the same way. The plastic containers with
seeds and distilled water were covered with aluminium foil to reduce evaporation and
avoid contamination by dust. A container with distilled water only and covered with
aluminium foil was set up with each test run as the control. All the containers were
labeled and maintained at 20 °C for 24 hours. After 24 hours, the solutions and seed in
each container were gently swirled for 10-15 sec., and conductivity (uS cm™) of the
soak water was measured using Fieldlab - LF conductivity meter (Schott Gerate Glass
Company, Mainz, Germany). Several measurements were taken until a stable
electrical conductivity reading was obtained on the conductivity meter. Between
measurements, the dip cell was rinsed twice in distilled water and dried using clean
dry paper towels. After subtracting the control measurement (the mean of the
readings), conductivity was expressed as per gram of seed (uS cm™ g?). The
conductivity values were calculated as:

Conductivity (uS cm™g™) = conductivity reading (uS cm™) — background reading (uS cm™)
Weight (g) of replicate

The critical levels of water and seeds for sorghum were determined depending on the
quality of the results (that is, the level of water and seed that gave averagely low

electrical conductivity readings for both poor and good quality seed) was chosen to be
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used as a standard in the rest of this study. From the results, the critical levels of the
seeds and water were 100 seeds and 250 mls respectively. The critical electrical
conductivity value for sorghum derived from this study was 0.90 pS cm™ g*. The
assumption made in this study was that the good quality seed samples were about
three times better than the poor quality seeds.

Having determined the electrical conductivity critical (standard) value, it meant that
any sample that was going to have a conductivity of > 0.90 uS cm™ g* was
automatically rated as low quality seed. More so, the critical number of seeds to be
counted per sample derived (100 seeds), was used in this test.

Determination of electrical conductivity of sorghum seeds

The determination of the electrical conductivity of the 80 seed samples collected from
80 farmers was done following the whole procedure used in determining the electrical
conductivity critical value with the exception of not including experiments on
replicates of 25, 50 and 75 count seeds. Therefore, four replicates of 100 seeds were
counted at random from each collected seed sample instead of drawing four replicates
of 25, 50, 75 and 100 seeds.

RESULTS

1.0 Germination percentage of sorghum seed samples collected from farmers in
Bomet District of Kenya

About 11.3% of the seed samples had more than 90% germination (Figure 1). About
28.8% percent (bars with letter “b” in Figure 1) of the seed samples had a germination
capacity of less than the minimum germination percentage of 70% as stipulated in the
Seeds and Plant Varieties Act CAP 326 of the laws of Kenya [19]. Of the seed
samples collected, 71.4% (symbolized by letter “a” in Figure 1) met the critical
minimum germination rate stipulated in the Seeds and Plant Varieties Act CAP 326 of
the laws of Kenya [19].
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Figure 1: Germination Percentage of Sorghum Seed Samples Collected from
Farmers in Bomet District

2.0 Electrical conductivity of sorghum seed samples collected from farmers in
Bomet District of Kenya

About 72.5% of seed samples (symbolized by letter “a” in Figure 2) gave an average

electrical conductivity reading of < 0.90 pS cm™ g while 27.5% (symbolized by

letter “b” in Figure 2) gave a reading > 0.90 uS cm™g™*. About 12.5% of seed samples

had high electrical conductivity readings of >1.00 uS cm™ g™ (Figure 2).
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Figure 2: Electrical Conductivity (micro siemens/cm/g) of Sorghum Seed
Samples Collected from Farmers in Bomet District
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3.0 Mean germination time of sorghum seed samples collected from farmers in
Bomet district of Kenya

Of the seed samples taken for laboratory testing 36.3% (symbolized by letter “b” in

Figure 3) had a mean germination time of more than two days. About 63.8%

(symbolized by letter “a” in Figure 3) of the seed samples took < 2 days to germinate.

Of the seed samples taken for mean germination time test, two and a half percent took

more than two and a half days to germinate (Figure 3).
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Figure 3: Mean Germination Time (days) of Sorghum Seed Samples Collected
from Farmers in Bomet District.

DISCUSSION

Germination is the emergence and development from the seed embryo of those
essential structures which are indicative of the ability to produce a normal plant under
favorable conditions [13]. The “essential structures” are the root and shoot axes,
cotyledons, terminal buds and the coleoptiles. Field emergence ability is a major
aspect of seed quality of concern to growers [20] and high germination is a
prerequisite for seed to be sown, whether it is to be used to further multiply seed,
provide pasture for grazing animals or provide seed for crop production. The results
of this study show that less than three quarters of seeds produced by farmers are of
good quality in this aspect and therefore viable. Nonetheless, if more than one quarter
of seeds planted by farmers is not viable, then this poses a threat to food security in
the region and should be an area of concern. More so, it is not usually true that all
seedlots exceeding “the critical minimum germination” are equally good in the
eventual test of quality and emergence in the field [21, 22]. This is because, the lower
the germination, the poorer the performance since deterioration has occurred [23]
even though all lots met the minimum germination recommendation. While it is
sometimes possible to compensate for reduced germination by increasing sowing rates
so as to achieve a desired population as practiced by many farmers in the District [6],
a point is reached where there can be deleterious effects on yield and quality [24].
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Loss of viability as expressed by the 29% of seeds might have probably resulted from
deterioration processes involved with pre-harvest and post-harvest seed aging [25].

Numerous studies have demonstrated the presence of membrane degradation in seeds
of low vigour [15, 26, 27, 28]. Physiological processes involving membranes or
membrane-bound proteins such as ATP, RNA, protein synthesis or respiration are
inhibited by non-functional membranes [14]. The low vigour (36.3%) indicated by the
speed germination test is probably due to the inhibition of the proper functioning of
the membranes or the membrane-bound proteins, thus resulting in the slow
germination of seedlings in the first days of the test. The results that low quality seed
(from the speed of germination test) are high (36.3%) as compared to the percentage
obtained from germination test (29%) is acceptable since seed vigour precedes seed
viability [16]. However, the results that a lower percentage of seed samples (27.5%)
were of poor quality (in relation to electrical conductivity test) as compared to the
germination test (29%) requires further investigation especially in the determination
of the right protocol of performing the conductivity test. This is because seed
deterioration contributes to a loss of vigour and eventually germination [16].
However, the error could have been brought about by the type of conductivity meter
used in the experiment whereby it could only allow seeds to be tested in a bulk of 100
seeds. This usually results in the assumption that all tested seeds have the same
vigour, which is not true [14]. Currently, an instrument has been developed that
possesses the capability of monitoring individual seed conductivity values, and this
gives more reliable results.

CONCLUSIONS AND RECOMMENDATIONS

The results of this study show that more than one quarter of sorghum seeds used by
farmers to plant their crop is clearly of inadequate quality in relation to germination
and vigour tests performed. This proportion of seed with inadequate quality does
represent a risk for loss of valuable genotypes [11] and can lead to poor crop yield in
the future when seeds of such inferior quality continue to be regenerated. Therefore,
there is a need to improve this proportion of low quality seeds produced by farmers.
Seed quality is comprised of more quality aspects than those analyzed in this study
and, therefore, it is recommended that further research be done on the sanitary,
analytical and genetic aspects of the sorghum seeds planted by farmers in Bomet
District to enable the clarification of the extent to which seed quality affects crop
production. It is also recommended that more seed vigour tests be performed on
sorghum seeds so as to standardize the protocols that seed growers should follow in
determining the vigour test.
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