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Abstract. Sorghum is an important cereal crop and it is native in African tropical areas. It is a globally cultivated crop and the fifth
most important cereal after maize, rice, wheat and barley. The objective of this study was to determine the effects of endosperm
type, seed moisture content and threshing methods on percentage threshability and mechanical damage of sorghum seeds. Two
varieties of sorghum (Kari-mtama 1 and Seredo) were grown in two diverse locations, Kiboko and Katumani. Variety Kari-mtama1
has hard (vitreous) endosperm while the other variety Seredo has soft (non-vitreous) endosperm. After harvesting, sorghum
panicles were dried in the sun and oven. The panicles were threshed separately for each drying method at two moisture levels,
namely 18-20% and 13-14%. The three threshing methods used included beating with wooden stick in tied sack, using wooden
mortar and pestle as well as using threshing machine. The results showed that the vitreous endosperm variety had significantly
high percentage threshability and significantly low mechanical damage than non-vitreous endosperm variety under both drying
methods. There was a significant (p<0.05) increase in threshability and decrease in mechanical damage when the seeds were
threshed at 13-14% moisture content compared to 18-20%. For better seed quality, threshing machine is the best method to be
used to avoid mechanical damage and seed quality deterioration. Drying methods used to dry seed panicles before threshing
had no effects on threshability and mechanical damage. This implies that sorghum panicles can be dried either in the sun or oven

without affecting threshability and mechanical damage at the two moisture levels and by using the three threshing methods.
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Introduction

Threshing process involves application of mechanical force
using hand or by machine to separate the seed grains from
panicles. Threshability is one of the important considerations in
sorghum production due to its impact on total grain yield, grain
quality and hence market value. The ease with which seed are
detached from the panicles and glume is important especially
to smallholder farmers where threshing is practised manually
(Adeyanju et al., 2015). It has been reported that some sorghum
varieties are free threshing where seeds are detached easily from
the panicles and glumes. Also, other varieties have sticky glumes
where seed get off from the panicles easily but the glumes remain
aftached to the seed (Adeyanju et al., 2015). Free threshing
varieties produce clean and quality seeds. This saves time and
energy during processing. However, the vitreosity or hardness of
seed grains and environmental conditions during crop growth play
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an important role in seed threshing and seed quality (Loerger et
al., 2007; Adeyanju et al., 2015). Damaged seeds have minimum
storage life and poor germination because they have damaged
embryo and are less resistant against pests and diseases.
Furthermore, damaged seeds weaken germination capacity
(Spokas et al., 2008). The mechanical damage of the seed can
occur when the seed is threshed at unsuitable seed moisture
content or using improper threshing method (Kavaki et al., 2012).
Seed damage also depends on the vitreosity of the variety. It has
been reported that vitreous or hard kernels have better breakage
resistance than non-vitreous kemnels (Felker and Paulis, 1993).
According to Saedirad et al. (2013) and Adeyanju et al. (2015),
there is inadequate knowledge about threshing of sorghum and
few studies have been conducted on threshability with no focus on
the quality aspect of threshed seed grain.

The purpose of the study was to determine the effects of
endosperm type, seed moisture content and threshing methods
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on percentage threshability and mechanical damage of sorghum
seeds. This will form basis of providing the appropriate advice
to the growers to avoid losses caused by improper handling.

Material and methods

Study area

The seed crop - two sorghum varieties (Kari-mtama 1 and
Seredo) was planted at two locations Kiboko and Katumani which
are under Agricultural Mechanization Research Institute (AMRI).
Kiboko research sub centre is located in Kiboko, Makindu Division,
Makindu Sub-county, Makueni County. It lies within longitudes
37.7235°E and latitudes 2.2172°S. Kiboko is 975 m above sea
level and the station receives between 545 and 629 mm of rainfall
coming in two seasons. The long rains season is between April
and July while the short rains season is between October and
January. This is a hot dry location with a mean annual temperature
of 22.6°C, mean annual maximum of 28.6°C and mean annual
minimum of 16.5°C. Soils are well drained, very deep, dark
reddish brown to dark red, friable sandy clay to clay (Acri-Rhodic
Ferrassols) developed from undifferentiated basement system
rocks, predominantly banded gneisses. Katumani is AMRI
headquarter and located in Machakos County, at latitude 1°35'S
and longitude 37°14’E, and at an altitude of about 1600 m above
sea level. It receives mean annual rainfall of around 655 mm. The
average seasonal rainfall for the long rains is 272 mm while that
for the short rains is 382 mm. The mean maximum and minimum
temperatures at the centre are 24.7°C and 13.7°C, respectively.
The sails in the area show a strong coherence to the different rock
types and landforms and mainly cambisols, ferralsols, luvisols and
vertisols are found (CYMMIT, 2013).

Experimental design

Two sorghum varieties were the study object: Kari-mtama1
with vitreous (hard) endosperm as variety 1 and Seredo
variety with non-vitreous (soft) endosperm as variety 2. The
varieties were established under split-split plot on Randomized
Completely Block Design (RCBD) with three factors and
these are variety (V) as main factor, moisture level (M) as
sub-factor and threshing method (T) as sub-sub-factor with
three replications. The seeds obtained by the tested sorghum
varieties were threshed at two moisture levels which are
between 18-20% moisture content (M1) and 13-14% moisture
content (M2) using three threshing methods:

e threshing by beating with wooden stick (T1);

e threshing by wooden mortar and pestle (T2) and

e threshing by using machine (T3).

There were 12 treatments in each location which are variety
1, moisture level 1, threshing method 1 (VIM1T1), variety 1,
moisture level 1, threshing method 2 (VIM1T2), variety 1,
moisture level 1, threshing method 3 (VIM1T3), variety 1,
moisture level 2, threshing method 1 (VIM2T1), variety 1,
moisture level 2, threshing method 2 (V1IM2T2), variety 1,
moisture level 2, threshing method 3 (V1M2T3), variety 2,
moisture level 1, threshing method 1 (V2M1T1), variety 2,
moisture level 1, threshing method 2 (V2M1T2), variety 2,
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moisture level 1, threshing method 3 (V2M1T3), variety 2,
moisture level 2, threshing method 1 (V2M2T1), variety 2,
moisture level 2, threshing method 2 (V2M2T2) and variety 2,
moisture level 2, threshing method 3 (V2M2T3).

Set up of the experiment

The size of each experimental plot was 5.0 m x 3.0 m, giving
rise to 15 m2area plots separated by one meter path. There were
12 plots in each replication/block. Therefore, the total number of
plots in all three replications was 36. The path between one block/
replication to another was 1.5 m. In each plot, sorghum seeds were
drill sown at a spacing of 60 cm x 25 cm and there were 6 rows
which were thinned to 20 plants per row. Thinning was done three
weeks after germination. The total number of plants in each plot
was 120. The inner four rows were used as net plot for taking data.

Seed harvesting, panicle drying and threshing

The seed crop was harvested by hand and the panicles
were cut using a knife after seed grain had reached the
physiological maturity. The panicles from plots that were
threshed at higher moisture level (18-20%) were harvested
when the seed was about 25% while the panicles from the plots
that were threshed at lower moisture level (13-14%) were left
in the field. These were harvested when moisture content was
at about 20%. From each plot, only 60 plants were harvested
from the inner rows (net plots). The harvesting was done in
two batches, each containing 30 randomly selected plants.
After harvesting, sorghum heads/panicles were dried to the
required moisture content. Two drying methods - sun and oven
were used for drying of the plant materials. Therefore, from 60
plants harvested in each plot, 30 heads/panicles were dried
in the sun before threshing and the other 30 were dried in the
oven at 36°C before threshing. Extra five heads/panicles were
included in each drying method. These were used to regularly
monitor the moisture content until the seeds attained the
required moisture for threshing. The moisture content of seeds
was determined using agraTronix MT-16 grain moisture tester
before threshing. Machine threshing was done by one specific
bulk machine thresher in both locations which contained
rotating rasp bar cylinder. The machine used was from Allan
Machine Company (ALMACO 99, M AVE NEVADA 10WA
50201 USA) (Annex 1). The mortar hole depth was 22 cm and
the weight of the pestle and wooden stick was 1.5 kg (Annex 2).
After threshing, the seeds were separated from dirt and chaffs
by manual winnowing, and then the seeds from each sample
were divided into two groups; completely threshed seeds and
the seeds that remained in glumes. Percentage threshability
was calculated as weight of completely threshed seed (seeds
without glumes) out of total seed weight threshed from 30
panicles in each sample as described by Nalam et al. (2007)
and Adeyanju et al. (2015), i.e.:

Th (%) = {(CThS / (CTh + SG)}100,

Where: Th is percentage threshability, %;

CThS is completely threshed seed (seeds without glumes);

CTh is completely threshed;

SG is seeds in glumes.



Mechanical damage test

After threshing, the seed samples were taken to the
University of Nairobi laboratory for mechanical damage test. The
mechanical damage was carried out using 200 seeds for each
sample. The seeds were preconditioned in moistening paper
towel for 18 hours at room temperature. After preconditioning,
the seeds were cut longitudinally with a sharp surgical blade
through the centre of the embryo. The seeds were completely
bisected and one half of each seed was used to represent one
seed in the evaluation. After cutting, the seeds were immersed
in 1% aqueous solution of 2,3,5 triphenyltetrazolium chloride
for about 3 hours for staining at room temperature. The
procedures were done according to ISTA (2015). Each seed was
evaluated based on staining pattern, intensity, location of stain
and unstained embryonic tissue and the seeds were divided
into three groups namely; undamaged seeds, mechanically
damaged seeds and dead seeds. The undamaged seeds were
uniformly stained with dark pink at the embryonic axis. Damaged
seeds had very darker stained embryonic tissue or the embryo
had very weak stain which was not uniform with some darkish
parts at the embryonic axis. The dead category included seeds
which had not stained or parts of the embryonic axis were
completely unstained. The number of seeds with mechanical
damaged plus dead seeds category was considered as
damaged seed in calculation of the percentage of mechanically
damaged seeds. The results were presented in percentage
of mechanically damaged seed as number of mechanically
damaged seed out of total number of seed tested per each

sample. Data collection included percentage of threshability
and percentage of mechanical damage of the seeds. All data
were subjected to analysis of variance using General Statistical
package (GENSTAT) edition 13 for Windows. The means were
separated using least significant different (LSD) test at 5% and
1% levels of significance.

Results

The results obtained for the effects of location on
threshability and mechanical damage of sorghum seeds from
panicles dried in the sun and oven are presented in Table 1.
From the means separation, the results showed that, means
for panicle threshability were significantly high in Katumani
at 86.86% and 86.30% when panicles were dried in sun
and oven, respectively. The means for panicle threshability
were significantly low in Kiboko at 82.72% and 81.5% when
panicles were dried in the sun and oven, respectively. The
mean seed mechanical damage was not significantly different
between locations where at Katumani, they were 15.84%
and 16.31% when panicles were dried in the sun and oven,
respectively and at Kiboko - 16.26% and 15.9% when panicles
were dried in the sun and oven, respectively. The means for
seed mechanical damage percentage were not significantly
different in both locations when panicles were dried in the sun
and oven. The coefficients of variations were low (0.9-2.7%)
indicating that variability between and among treatments
were low.

Table 1. Effects of location on threshability and mechanical damage of sorghum seeds from panicles dried in the sun and oven

Site Mean threshability (%) Mean mechanical damage (%)
Sun dried panicles Oven dried panicles Sun dried panicles Oven dried panicles
Katumani 86.86° 86.3° 15.842 16.31°
Kiboko 82.72° 81.59° 16.26° 15.92
LSD (p<0.05) 1.717 4.332 0.665 1.054
CcVv 0.9 2.3 1.8 2.7

*Numbers followed by the same letters within columns do not differ significantly according to LSD test at p<0.05

Means for panicle threshability of vitreous variety Kari-
mtama1 were significantly high at 89.41% and 89.65% when
panicles were dried in the sun and oven, respectively (Table 2).
The means for panicle threshability of non-vitreous variety Seredo
were significantly lower at 80.21% and 78.24% when panicles
were dried in the sun and oven, respectively. The mean seed
mechanical damage was 12.74% and 13.88% for vitreous variety
Kari-mtama1 when panicles were dried in the sun and oven,
respectively. Mean seed mechanical damage of non-vitreous

variety Seredo was significantly high at 19.37% and 18.33%
when panicles were dried in the sun and oven, respectively.
The results showed that the variety with vitreous endosperm
(Kari-mtama1) had significantly high percentage threshability
and significantly low mechanical damage as compared to non-
vitreous variety (Seredo) which had low threshability and high
mechanical damage for both drying methods. Coefficients of
variations were low (3.8-7.7%) indicating that, variability between
and among treatments was low.

Table 2. Effects of variety on threshability and mechanical damage of sorghum seeds from panicles dried in sun and oven

Variety Mean threshability (%) Mean mechanical damage (%)
Sun dried panicles Oven dried panicles Sun dried panicles Oven dried panicles
Kari-mtama 89.412 89.652 12,74 13.88°
Seredo 80.21° 78.24° 19.37° 18.33°
LSD (p=<0.05) 8.244 5.049 1.979 1.993
Ccv 6.1 3.8 7.7 7.7

*Numbers followed by the same letters within columns do not differ significantly according to LSD test at p<0.05

173



Similarly, sorghum panicles that were threshed at lower
moisture level (13-14%) had significantly high percentage
threshability and significantly low seed mechanical damage
(p=0.05) compared to panicles that were threshed at
higher moisture level for both drying methods (Table 3).
The mean threshability of panicles that were threshed at
low moisture content was significantly high at 86.94 % and
85.93% when panicles were dried in the sun and oven,
respectively. The mean threshability of panicles that were

threshed at high moisture content was significantly low at
82.67% and 82.09% when panicles were dried in the sun
and oven, respectively. The mean seed mechanical damage
was 13.97% and 14.70% for panicles that were threshed at
low moisture content and were dried in the sun and oven,
respectively. Mean seed mechanical damage of panicles
that were threshed at high moisture content was significantly
high at 18.14% and 17.51% when panicles were dried in the
sun and oven, respectively.

Table 3. Influence of seed moisture content (SMC) on panicle threshability and seed mechanical damage of sorghum seeds

from panicles dried in the sun and oven

Seed moisture content (%)  Mean threshability (%)

Mean mechanical damage (%)

Sun dried panicles

Oven dried panicles

Sun dried panicles Oven dried panicles

18-20 82.67° 82.09°
13-14 86.94° 85.93°
LSD (p<0.05) 3.742 3818
oV 47 3.8

18.14° 17.512
13.97° 14.7°

2.253 1.969
14.9 13

*Numbers followed by the same letters within columns do not differ significantly according to LSD test at p<0.05

Means for panicle threshability and seed mechanical damage
percentages for the threshing methods for panicles dried in the
sun and oven are presented in (Table 4). There was no significant
difference in panicle threshability between panicles threshed
by using mortar and pestle and beating with wooden stick at
both methods of drying — sun and oven, 87.55-87.65% and
87.67-87.32%, respectively. The means for panicle threshability
percentages of panicles threshed using machine were significantly
lower (79.21 % and 76.87%, respectively) than the other two
methods of threshing. However, the means for seed mechanical
damage percentage for panicles dried in sun and oven and

threshed using the three threshing methods were all significantly
different. The means for seed mechanical damage of panicles
dried in the sun and threshed by mortar and pestle was 26.06%,
threshed by beating in bags with stick was 12.98% and threshed
by machine was the lowest at 10.12%. The means for seed
mechanical damage of panicles dried in the oven and threshed
using mortar and pestle was 25.98%, threshed by beating in bags
with stick was 13.99% and the lowest was threshing by machine
at 8.35%. Finally, there was highly significant difference in panicle
threshability and seed mechanical damage among threshing
methods at p<0.001 in both drying methods.

Table 4. Influence of threshing method on threshability and mechanical damage of sorghum seeds from panicles dried in the

sun and oven

Mean mechanical damage (%)

Oven dried panicles

Sun dried panicles Oven dried panicles

Threshing methods Mean threshability (%)

Sun dried panicles
Mortar and pestle 87.552 87.652
Beating with stick 87.672 87.322
Threshing machine 79.21° 76.87°
LSD (p=0.05) 4.124 2.893
Ccv 8.3 7.6

*Numbers followed by the same letters within columns do not differ significantly according to LSD test at p<0.001

Inoven dried panicles, the results showed significant interaction
for threshability between variety and threshing method. The
percentage of threshability of vitreous (hard) endosperm variety
Kari-mtama1 when threshed by machine was not significantly
different from the percentage of threshability of non-vitreous (soft)
endosperm variety Seredo when threshed using wooden stick
or mortar and pestle (Figure 1). There was significant increase
in threshability when the seeds were threshed at 13-14% SMC
especially using mortar and pestle or wooden stick. Threshability
of the seeds threshed with machine had no significant difference
between the two seed moisture levels for both drying methods.
Higher percentage of threshability for both varieties was recorded
in the panicles that were threshed at seed moisture content of 13-
14% using mortar and pestle or wooden stick (Figures 1 and 2).
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Figure 1. Mean percentage of threshability for sorghum
panicles threshed at two moisture content levels using three
threshing methods (oven dried panicles)
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Figure 2. Mean percentage of threshability for sorghum
panicles threshed at two moisture content levels using three
threshing methods (sun dried panicles)

Similarly, for both varieties, there was significant decrease
in mechanical damage when the seeds were threshed at 13-
14% seed moisture content (SMC). However, the difference
in mechanical damage between the SMC was not significant
especially from the seeds that were threshed using machine
and wooden stick. There was highly significant difference in
mechanical damage between moisture levels when the seeds
were threshed using mortar and pestle. The lowest mechanical
damage was found from the seeds threshed by machine at SMC
13-14% while the highest damage was found in mortar and
pestle at SMC 18-20% in both drying methods (Figures 3 and 4).
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Figure 3. Mean percentage of mechanical damage for two
sorghum varieties seeds threshed at two moisture content
levels using three threshing methods (sun dried panicles)
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Figure 4. Mean percentage of mechanical damage for two
sorghum varieties seeds threshed at two moisture content
levels using three threshing methods (oven dried panicles)

There was no significant difference between the drying
methods (sun and oven) in threshability and mechanical
damage (Table 5). Mean threshability for panicles dried in the
sun was 84.81% and similar to panicles dried in the oven which
was 84.01%. Mean seed mechanical damage for panicles dried
in the sun was 16.05% and for the seeds from panicles dried in
the oven it was 16.11%.

Table 5. Influence of panicle drying method on threshability
and mechanical damage of sorghum seeds

Drying Mean Mean

method threshability mechanical
(%) damage (%)

Sun 84.812 16.05°

Oven 84.012 16.112

LSD (p=0.05) 2.514 0.541

Ccv 1.3 1.5

*Numbers followed by the same letters within columns do not
differ significantly according to LSD test at p<0.05

Discussion

Influence of location on sorghum threshability

Threshability of sorghum panicles from Katumani was
significantly higher than Kiboko (p<0.05) (Table 1). This could
be attributed to the difference in growing conditions such
as environmental temperature and relative humidity which
influenced drought stress at Kiboko. Adeyanju et al. (2015)
reported that certain environmental growing conditions such as
late season and drought stress lead to premature termination
of grain filling which may cause poor threshability. Robertson
et al. (2004) also pointed out that the threshability of the seed
could be affected by the environmental conditions of the day
and time during harvesting. The poor threshability of sorghum
grown at Kiboko could be due to drought stress which the
crop experienced. The crop at Kiboko was grown late in the
season and the area had water stress conditions compared to
Katumani where the crop was grown on season and received
enough rainfall. At Kiboko, when the crop was at critical stage
of grain filling, there was water stress resulting in small grains
and the temperatures were too high to the extent that the
seeds dried within short period which could have resulted
into premature termination of grain filling and hence poor
threshability. It is therefore important to grow seed crop under
optimum conditions in order to produce high quality seeds.

Influence of endosperm type on sorghum threshability and
seed mechanical damage

Panicles of vitreous (hard endosperm) variety (Kari-mtama1)
had significantly higher threshability than the panicles of non-
vitreous variety (Seredo) (Table 2). During threshing, most of the
seeds from the non-vitreous variety appeared tightly attached
to the glumes. This could be due to the inherent genetic trait
of the Seredo. It has been reported that genotypes with tight
sticky glumes are difficult to thresh and when the seeds are
threshed, they tend to remain in the glumes (Adeyaniju et al.,
2015). Also, another reason could be the non-vitreous nature
of endosperm of Seredo variety which caused the seed grain
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not to be detached easily from the glumes especially when
threshed at higher seed moisture content (18-20%). loerger
et al. (2007) found that grain hardness plays a significant
role on threshability and seed quality during seed processing.
This could be the reason for easy threshability of vitreous
endosperm variety (Kari-mtama1) especially at low moisture
content level (13-14%). Also, there was significant difference
in seed mechanical damage caused by threshing methods
between the two varieties. Seredo variety which has non-
vitreous endosperm type had significantly higher mechanical
damage than vitreous endosperm variety Kari-matma1
(p=0.05). The mechanical damage was due to the impact the
grains received during threshing. The possible reason for the
significant difference between the two varieties is that soft
endosperm was easier to get damaged than vitreous variety.
Felker and Paulis (1993) established that vitreous kernels are
resistant to breakage during seed processing.

Influence of seed moisture content and threshing methods
on sorghum threshability and seed mechanical damage

Threshing methods showed significant difference in panicle
threshability. For both drying methods used to dry panicles,
machine showed significantly lower threshability than the other
two methods (Table 4). There was no significant difference
between wooden stick and mortar and pestle. The significantly
higher percentage of threshability in beating with wooden stick;
and using mortar and pestle could be due to the high impacts
of wooden stick, mortar and pestle and forces that were used
to beat panicles. Machine had rotating rasp bar cylinder which
had soft surface and may have induced little force to the
panicles. The increase in threshability at low SMC (13-14%)
could be due to the fact that at low moisture the seeds become
harder and were easily detached from the panicles and glumes
(Vara Prasad and Sterggenborg, 2010). Also, the seeds at
high moisture content were soft and may have resulted in poor
threshability and cracked grains (Sumner, 2012). Although
threshability was significantly higher for the seed threshed
using mortar and pestle and beating with wooden sticks, the
percentage of mechanical damage was also higher compared
to the machine threshing method. This could be due to the
impact of wooden materials on the seeds during beating and
pounding. Wooden mortar and pestle had higher mechanical
damage followed by wooden stick while threshing by machine
had the lowest percentage of mechanical damage. Similarly,
Dharmaputra et al. (2012) found that the method of threshing
of sorghum seeds had significant effects on damage of grain in
terms of cracked and broken grains. According to the reported
results, the percentage of damaged grain of sorghum threshed
using a wooden stick was higher and significantly different
from those that were threshed with a paddy thresher. This
could be related to the results of mechanical damage in this
experiment because the mechanical damage of the seeds may
be due to the physical impacts which the seeds receive during
threshing by wooden mortar and pestle, and beating with stick.
The mechanical damage of seeds from panicles threshed with
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machine was significantly lower. This contributed to high seed
quality although threshability was lower than the other two
methods. For both varieties, there was significant decrease in
mechanical damage when seeds were from panicles threshed
at 13-14% SMC (Table 3). This could be due to the hardness
of the seed grains at this moisture level. The seeds with high
moisture content are soft which may have resulted into more
cracked grains than seeds with low moisture content (Sumner,
2012). Another research has also shown that too low moisture
content below 13% can be as damaging to seed quality as
too much moisture. When seeds are over dried to below 13%
seed moisture content, seeds become more brittle and can be
cracked and break easily and much damage can occur when
the seeds are too wet above 22% moisture content (Conley et
al., 2003). Saeidirad and Javadi (2011) and Ajav and Adejumo
(2005) evaluated the effect of thresher variables including
seed moisture content in cumin and okra, respectively, and
they found that moisture contents significantly affects seed
mechanical damage and germination. In cumin seeds, the
results showed that as moisture content increased from 7%
to 13%, separated seed and damaged seed decreased from
92.8% t0 90.4% and from 10.1% to 7.6%, respectively. In this
study mechanical damage was significantly higher at 18-20%
seed moisture content compared to low moisture content (13-
14%). There was no significant interaction between location,
variety and threshing methods (L x V x T) and location, variety
and moisture content (L x V x M). This indicates that location
had no effects on the mechanical damage. There were no
differences observed in the mean threshability values and
the mean mechanical damage values of the tested sorghum
varieties at both drying methods used (Table 5). So, the sun
and oven can be successfully used as methods for sorghum
panicles drying before threshability.

Conclusion

In this study it was found that: the type of sorghum
endosperm affects threshing efficiency, the sorghum variety
with vitreous endosperm (Kari-mtama1) has better threshing
efficiency with minimum seed mechanical damage than non-
vitreous endosperm sorghum variety (Seredo); non-vitreous
sorghum type (Seredo) has considerably higher mechanical
damage and threshing methods such as use of mortar and
pestle are not suitable for such varieties; the seed mechanical
damage results in poor germination and seedling vigour;
that way the method should only be used where sorghum is
produced for consumption and not for seed purposes; the
threshing machine is the best method for threshing sorghum
panicles to obtain high quality seeds.
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