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ABSTRACT

G. kola seeds are recalcitrant losing viability in storage. The seed dormancy has been described
as both physical and physiological otherwise known as combinational dormancy. This study
assessed some pre-germination treatment methods for reducing G. kola seed dormancy and its
germination characteristics dynamics. Twelve (12) seed pre-germination treatment methods
were laid out in Completely Randomized Design (CRD) arrangement. Data collected include:
number of days before inception of germination, germination days and germination count.
Germination characteristics evaluated were dormancy period, germination capacity (%),
germination speed, mean daily germination and mean germination time. Data were analysed
using regression and analysis of variance (ANOVA) at p < 0.05. The results showed that
dormancy period and mean germination time correlated negatively with, germination capacity
(%), germination speed, and mean daily germination. DP (Seeds de-coated and pricked with a
needle), DP24,W (Seeds de-coated and pricked with a needle and water soaked for 24 hours at
room temperature (26°C)), and DP74s48hW (Seeds stored 7 days at room temperature (26°C),
de-coated, pricked, and water soaked for 48 hours) were the pre-germination treatment methods
that recorded the lowest dormancy period and mean germination time and therefore, the highest
germination capacity (%), mean daily germination, and mean germination speed. DP and
DP24,W did not correlate significantly (p>0.05) with the Control, Is (Intact seeds sprinkled
with water) while the remaining pre-germination treatments methods correlated significantly
with the control. DP and DP24,W reduced dormancy and improved germination more than the
other pre-germination treatment methods and are therefore recommended for reducing G. kola
seed dormancy.
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INTRODUCTION

Garcinia kola is an indigenous fruit tree in
Nigeria that thrives in the rainforests of the
south (Dadjo et al., 2019). The species is
found both in the dry rainforests and the
wet/humid rainforests. Recent studies have
shown that, there is genetic structuring and
diversity between and within the ecotypes
in the southwest and southeast (Ashiru et
al., 2018; Olawuyi and Azeez, 2019). There
is therefore a reservoir of germplasm and
genetic diversity within the species to be
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explored for the domestication and
improvement of the species in the country
(e.g. seed germination improvement).
Moreover this is also important to the
adaptation of the species to changing local
growing conditions resulting from global
climate change.

G. kola seed is by far the most popular and
traded product of the tree. G. kola is locally
used in the treatment of cough, anti-
bacterial and other medicinal purposes
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(Ashiru et al., 2018). G. kola seed trade
value chain is such that provides
supplementary incomes and diversified
livelihood activities. Nevertheless, G. kola
is vulnerable in the wild due to high rate of
deforestation and low cultivation (Cheek,
2004). There is therefore the need to
improve the cultivation of the species and
possibly develop early fruiting cultivars
that will encourage farmers to incorporate
the tree into local farming systems.
Improved cultivation of G. kola will ensure
the conservation of the species, increased
on-farm  biodiversity, climate change
mitigation  through on-farm  carbon
sequestration and  improved  rural
livelihoods.

For a long time the idea was that G. kola
seed was difficult to germinate (Anegbeet
al., 2006; Eyo-Matig, 2007; Oboho and
Ogana, 2011; Yakubu et al., 2014).
However, it is clear that the major challenge
to G. kola seed germination is its sensitivity
to desiccation as the seeds capacity to
germinate reduces with reduction in seed
moisture content. The seed like a typical
recalcitrant seed loses viability and ability
to germinate with reducing seed moisture
content (Finch-savage, 2003; Hartmannet
al., 2004). G. kola is best propagated from
fresh seeds (Gyimah, 2000; Asomaninget
al., 2011; Okonkwoet al., 2014) and
germination capacity begins to reduce as
seed moisture content begins to drop
(Asomaning et al., 2011).

G. kola seed dormancy has however been
reported by several authors (Anegbeet al.,
2006; Eyo-Matig, 2007; Oboho and Ogana,
2011; Yakubuet al., 2014). Okonkwoet al.
(2014) and Yakubuet al., (2014) described
G. kola seed dormancy as both physical
(seed-coat dormancy) and physiological
(endospermic dormancy) otherwise known
as combinational dormancy. Germination
of fresh G. kola seed can however be

Okonkwo et al.

enhanced when given the appropriate pre-
germination treatment. For example,
Gyimah (2000) reported that, soaking in
water and hydrogen peroxide induces early
start of germination while, warm
stratification enhances germination by 40-
45 %. Improved germination of G. kola
seed is important to nursery propagation of
the species and availability of seedlings. A
study was therefore designed to investigate
the effect of different seed pre-germination
treatment methods on the germination of G.
kola seed.

MATERIALS AND METHODS

Seed Collection and Propagation

G. kola seeds used were collected fresh
from 27 years old plantation of the Swamp
Forest Research Station, Onne, Rivers
State, Nigeria and the experiment was
conducted in the nursery section of the
station. The area is located on Latitude 4°
50° N and Longitude 7° 03" E. Annual
rainfall is 2500 mm with a mean value of 75
% relative humidity in February and 80 %
in July and the mean minimum temperature
is 25°C (Okonkwoet al., 2019) and fall
within the humid tropical rainforest
ecological zone.

Fruits were collected under the mother tree
from a population of thirteen (13) trees
based on availability and mixed together to
mute effects due to genetic variation. Seed
extraction was undertaken after the decay
of fruit pulp. A total of 900 seeds were
allocated disproportionately to twelve (12)
pre-germination treatment methods (Table
1) in a Completely Randomized Design
arrangement and there were on the average
75 seeds per pre-germination treatment
method. Seeds were propagated in clear
heavy duty polythene bags 0.1 mm thick
and 100 mm x 150 mm dimension at 26° C
room temperature (Okonkwoet al., 2014;
Yakubuet al., 2014).
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Table 1: Seed pre-germination treatment methods and description

Seeds de-coated and pricked with a needle and water soaked for 24 hours at
Seeds lacerated with a knife and then soaked in 2500 ppm gibberellic acid for
Seeds sorted into soft and hard seeds and the soft seed lacerated, and

Hard seed from the sorting in treatment 7 above lacerated and warmed under

Seed stored for 30 days at room temperature (26° C) was de-coated and

Treatment  Description
DP Seeds de-coated and pricked with a needle.
Is Intact seeds sprinkled with water (control).
Cs24n Seeds at 5°C cold stratification for 24 hours.
Cs72n Seeds at 5°C cold stratification for 72 hours.
DP24,W
room temperature (26° C).
LGA72:
72 hours.
LS72nHs
subsequently warmed under hot sun (30° C) for 72 hours.
LH72nHs
hot sun (30°C) for 72 hours.
Is72nHs Intact seeds warmed 72 hour under hot sun (30°C).
L1nHs Seeds lacerated and warmed under hot sun (30° C) for one hour.
DP30ds
pricked.
DP74s48,\W

Seeds stored 7 days at room temperature (26° C) de-coated, pricked, and water

soaked for 48 hours.

Data Collection
Propagation was done in transparent plastic
bags and seeds were inspected for
germination individually visually.
Emergence of the undifferentiated mass of
pinkish cells bump on one of the tips of the
oval-shaped seed indicated germination.
The seeds were monitored daily for
germination and sprinkled with water when
they were observed to dry. Data collected
were number of days before inception of
germination, germination days and
germination count. Other germination
parameters calculated include:
(1) Mean germination speed: This
was calculated using the
formula of Gairolaet al. (2011);
Kebede and Yidinekachew,
(2014):
Mean germination speed =
ni/di+nz/da+ns/ds+..../N ----- 1
Where, n = number of
germinated seed, N = number of
observations, d = number of
days.
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(2) Mean germination time: This
was calculated as:

MGT= di+dz+ds+... /N----2
Where, d = germination days, n
= number of observations.

(3) Mean daily germination: This is
calculated using the method of
Czabator (1962); Kebede and
Yidinekachew (2014):

MDG = Total number of
germinated seed/Total number
of days -------------------- 3

(4) Number of days before first
germination (dormancy period).
This was the number of days
from the sowing date to the first
germination.

(5) Germination capacity: This was
calculated as:

Germination percentage (%) =
Number of germinated
seed/total number of seed x100

Data Analysis
Data were analysed using analysis of
variance (ANOVA), linear regression and
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descritive statistics on excel. Variation
relative to mean germination characteristics
(coefficient of variation) was calculated as
standard  deviation/mean x100) and
percentile was used to group data into four
groups of lowest, low, high, and highest.
Percentile was calculated as K™ percentile
multiplied by the number of values in the
order of the smallest to the greatest.

RESULTS

Number of Days before
Germination (Dormancy Period)
DP24,W recorded the lowest dormancy
period of 5 days, while, DP30gs recorded
the highest dormancy period of 86 days
(Figure 1) and the difference between the
lowest and highest dormancy period was 81
days (Table 2). Mean dormancy period

First

Environment Vol. 9(1): 245-256 June, 2020

was 24 days while, the variability relative
to the mean (CV %) was 95 % (Table 2).
Regression analysis (Table 2) showed that
pre-germination  treatment methods
significantly influenced dormancy period.
Percentile grouping showed that pre-
germination treatment methods with the
lowest dormancy period were those that
included de-coating and pricking (DP,
DP24,W and DP7448,W) of seed, while,
pre-germination treatment methods with
the highest dormancy period were those
stored for 30 days or cold stratified at 5° C
(Cs24y, Cs72n, and DP30gs) (Figure 1) and
(Table 5). Dormancy period was however
negatively correlated with germination
capacity, mean germination speed and
mean daily germination but positively
correlated with mean germination time

(MDP) among the pre-treatment methods (Table 3).
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Fig. 1. Effect of pre-germination treatment methods on G. kola seed dormancy period
Table 2:Regression analysis of pre-germination treatment methods effect on germination

characteristics

Germination Characteristics ~ Mean Min. Max. CV p- R RZ  Adj.
% value R

Dormancy period, (Dp) 24 5 86 95 0.00° 0.96 0.96 0.92
(days)
Germination capacity (GC %) 78 8 100 33 0.00° 0.95 0.90 0.89
Mean germination speed 2 0.1 6 1 0.00° 0.98 0.96 0.93
(MGS)

Mean germination time 43 14 86 60 0.00° 0.99 0.98 0.97

(MGT)

Mean daily 2 1 5 1 0.01° 0.87 0.80 0.69

germination(MDG)

Significant (*) p < 0.05, Not significant (ns) p > 0.05.
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Table 3:Regression analysis of germination characteristics dynamics

Dp GC (%) MGS MGT MDG
p- Rc p- Rc p- Rc p- Rc p- Rc
value value value value value
Dp 0.00" - 0.06™ -6.5 0.00° 0.72 0.76"™ -8.23
0.93
GC 0.04" 8.10 0.03" - 0.06™  9.99
(%) 0.64
MGS 0.00" - 0.00" 1.04
0.06
MGT 0.00 -
13.92
MDG

Significant (*) p < 0.05, not significant (ns) p > 0.05, positive correlation (+), negative

correlation (-), Regression coefficient (Rc).

Germination Capacity

Mean germination capacity among the pre-
germination treatment methods was 78 %
(Table 2). Highest germination capacity
was 100 % in DP24,W while the lowest was
DP304s 8 % (Figure 2). The difference
between the highest and lowest mean
germination capacity was 92 %, while,
variability relative to the mean germination
capacity CV was 33 % (Table 2).
Regression analysis (Table 2) showed that
the pre-germination treatment methods
significantly (p < 0.05) influenced
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DP30ds
LS72hHs

Cs24h

Is

Cs72h
Is72hHs
LH72hHs

germination capacity (%).  Percentile
grouping showed that pre-germination
treatment methods with the lowest
germination capacity (%) were LH72nHs,
Cs24n, and DP30gs, While, those with the
highest germination capacity (%) were DP,
DP24W and DP7448,W (Table 5).
However, germination capacity (%) was
positively  correlated  with mean
germination speed and mean daily
germination but negatively correlated with
mean germination time (Table 3).

LGA72h
L1hHs

DP
DP7ds48hW
DP24hW

Pre-germination treatment method

Fig. 2. Effect of pre-germination treatment methods on the germination capacity % of

G. kola seed.

Mean Germination Speed

Mean germination speed among the pre-
treatment methods was 2 seed per day
(Table 2). The highest germination speed
was recorded in DP 6 seed/day, while, the
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lowest speed was recorded in DP304s 0.09
seed equivalent to 9 seed in 100 days
(Figure 3). Standard deviation from the
mean germination speed was 1.9, while, the
difference between the highest and the
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lowest germination speed was 5.9 and
variability relative to the mean was 1 %
(Table 2). Regression analysis (Table 2)
showed that the influence of pre-
germination  treatment methods on
germination speed was significant.
Percentile grouping showed that pre-
treatment methods with the lowest

Germination speed

O B, N W b U1 O N

Is
Cs24h

DP30ds
Is72hHs

Cs72h

L1hHs
LS72hHs
LH72hHs

germination speed were Is, Cs24n, and
DP304s while, those with the highest
germination speed were; DP, DP24,W and
DP74s48:W (Table 5). Germination speed
was however positively correlated with
mean daily germination but negatively
correlated with mean germination time
(Table 3).

LGA72h
DP7ds48hW
DP24hW

DP

Pre-germination treatment method

Fig. 3. Effect of pre-germination treatment method on germination speed of G. kola seed

Mean Germination Time

Mean germination time was 43 days (Table
2). The longest was 86 days recorded in
DP30¢s and the shortest was 14 days
recorded in DP (Figure 4). Variability
relative to the mean CV % was 60 % (Table
2). Regression analysis (Table 2) showed
that the influence of pre-germination
treatment methods on the seed mean

Germination time (days)
N
o

DP

DP24hW
LS72hHs

LH72hHs

germination  time was  significant.
Percentile grouping show that pre-
treatment methods with the lowest
germination time were DP, DP24,W and
LS724Hs, while those with the highest
germination time were Cs24n, Cs72h, and
DP30gs (Table 5). Mean germination time
was however negatively correlated with
mean daily germination (Table 3).
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Fig. 4. Effect of pre-germination treatment method on germination time in G. kola seed

Okonkwo et al.
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Mean Daily Germination germination treatment methods on the
Mean daily germination was 2 seeds. The mean daily germination was significant.
highest daily germination was recorded in Percentile grouping showed that pre-
DP and the lowest was 0.09 recorded in germination treatment methods with the
DP30gs (Figure 5). Variability relative to lowest mean daily germination were I,
the mean daily germination CV % was 1 % Cs24y, and DP30gs, while, those with the
(Table 2). Regression analysis (Table 2) highest mean daily germination were DP,
showed that the influence of pre- LH72rHs, and LGAT72;, (Table 5).
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Fig. 5. Effect of pre-germination treatment method on daily germination in G. kola
seed.

Table 4: Regression analysis to determine similarity between the control effect and other pre-

germination treatment method

Other DP GC24 GCs72  DP24n  LGA72 LS72hH  LH72vH  Is720H | 1,H DP30s  DP74s48h
method h h w h s s s s s w
s

Control p-value

Is 0.09 0.00 0.00 0.09™ 0.26" 0.00* 0.03* 0.00* 0.00* 0.36™ 0.01*
n * *

Rc 063 097 080 060 0.41 1.48 0.86 098 083 031 0.78
Significant (*), p < 0.05, Not significant (ns), p > 0.05. Regression coefficient, Rc.

The effect of seven (Cs24n,Cs72h, 75" and 100" percentiles was in the ratio
LS72nHs,LH72hHs,1s72hHs,L1nHs,and 1:2:1:0 (Table 5). However, the four pre-
DP7448,W) out of the twelve pre- germination treatment methods (DP,
germination treatment methods was DP24,W, LGAT724,DP30gs) occurred in the
significantly positively correlated with that ratio: DP 3:0:0:3, DP24,W 3:0:1:2,
of the control treatment (Is). While, the LGA72,1:1:2:1, and DP30gs 2:0:0:2. This
positive correlation of four (DP, DP24,W, shows that the reason that the four pre-
LGAT72,,DP30gs) with the control (Is) was germination treatment methods (DP,
not significant (Table 4). Percentile DP24,W, LGAT72,,DP304s) correlation was
grouping of the pre-germination treatment not significant (p < 0.05) was because their
methods showed that the control pre- effect exceeded the control (Is) treatment
germination  treatment  method  (ls) method.

frequency of occurrence in the 25", 501,

Okonkwo et al. 251
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Table 5: Percentile grouping of pre-germination treatment method effect on germination

characteristics

Germination characteristics 25" =lowest 50" =low 75" =high 100" = highest

Dormancy period (days) DP24,W LS72nHs L1nHs Cs24n
DP7448,\W LH72nHs Is72nHs Cs72n
DP Is LGAT72; DP304s

Germination capacity % DP304s I LH72:Hs DP
LS72nHs Cs72n LGA72; DP74s48,W
Cs24n Is72nHs L1nHs DP24,W

Mean germination speed  pp3p,, 1s72nHs LS72:Hs  DP74s48,W
ls Cs72 LH72:Hs  DP24yW
Cs24n L1nHs LGA72,  DP

Mean germination time DP LH72nHs L1nHs C<24
DP24,W LGAT72;, Is72nHs Cs72n
LS72nHs DP74s48,\W Is DP304s

Mean daily germination DP Cs72n L1nHs LH72qHs
DP24yW Is72nHs LS72nHs LGAT72;
LGAT72;, DP74s48,\W DP24,W DP

DISCUSSION

The highest variability (CV %)  of
germination characteristic was recorded in
dormancy period (95 %), followed by mean
germination time (60 %), germination
capacity, (33 %) and the lowest variability
(1 %) was recorded in germination speed
and mean daily germination. This implies
that dormancy period was the most
sensitive germination characteristic to the
pre-germination  treatment  methods.
Moreover, since increase in dormancy
period reduces germination capacity (%),
mean germination speed and mean daily
germination due to negative correlation but
increases mean germination time due to
positive correlation. It is clear that
dormancy period is the critical germination
characteristic in G. kola seed germination
due to the dynamics among the germination
characteristics. Therefore, pre-germination
treatment  methods that effectively
minimize dormancy period automatically
improve the seed germination. This is in
agreement with the findings of Anegbeet al.
(2006); Yakubuet al. (2014); Okonkwoet
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al. (2014); Dadjoet al. (2019) who found
that pre-germination treatment methods
that reduced dormancy period invariably
improved germination capacity,
germination speed, and germination rate.

Pre-germination treatment methods that
recorded the highest seed dormancy period
were Cs24n, Cs72h, and DP30gs. These same
pre-germination treatment methods (Cs24,
Cs72n, and DP30gs) recorded the highest
mean germination time due to a positive

correlation  with  dormancy  period.
However, Cs24n, Cs72,, and DP30qs
recorded between low to lowest
germination  capacity (%), mean
germination speed, and mean daily

germination due to a negative correlation
between dormancy and these three
germination characteristic. Pre-germination
treatment methods Cs24n and Cs72n were
seeds cold stratified at 5° C for 24 hours and
72 hours respectively while DP30q4s were
seeds stored 30 days, de-coated and
pricked. Cold stratification and long
duration of storage therefore increase
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dormancy period and limits germination in
G. kola seed. This is in agreement with
Asomaninget al. (2011) who reported that
G. kola seed is desiccation sensitive, lose
viability in storage and are therefore
recalcitrant. While Dadjoet al. (2019)
reported lowered seed germination of G.
kola seeds that were cold stratified at 4°C
for two (2) months. Furthermore,
Pammenter and Berjak, (1999); Berjak and
Pammenter, (2008); Oubruchevaet al.
(2016) reported that recalcitrant seeds
unlike their orthodox counterparts are
sensitive to cold stratification.

Lowest dormancy period was recorded in
DP, DP24yW and DP74s48yW (Table 5). As
expected these group of pre-germination
treatment methods recorded the highest
germination capacity, mean germination
speed, and mean daily germination due to
the negative correlation between dormancy
and the three germination characteristics.
While a positive correlation between
dormancy and mean germination time put
DP, DP24,W and DP74s48hW in the low to
lowest mean germination time percentile
group. Pre-germination treatment method
DP, were seeds de-coated and pricked,
DP24yW were seeds de-coated, pricked,
and soaked 24 hours in water at room
temperature (26° C) while DP74s48,W were
seeds de-coated, pricked, stored for 7 days
and soaked in water at room temperature
(26° C) for 48 hours. Therefore DP,
DP24yW  and DP7448:W  reduced
dormancy and improved germination the
most among the 12 pre-germination
treatment methods. This implies that de-
coating, pricking, 24-48 hour water soaking
at room temperature (26° C), and 7 days
storage were seed pre-germination
treatment combinations that effectively
improved G. kola seed germination.
Several authors have reported similar
findings. For example, Anegbeet al. (2006)
comparing the effects of varying degrees of
soaking and nicking on the germination of
G. kola seed found that nicked seeds
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recorded lowest period of dormancy,
highest germination capacity and rate.
Okonkwoet al. (2014) corroborated the
findings of Anegbeet al. (2006) when in a
study investigating the effect of different
degrees of pricking on G. kola seed
germination confirmed that all de-coated
and pricked pre-germination treatment
methods reduced dormancy and increased
germination significantly compared to the
intact seed used as the control.
Investigating the effect of varying degrees
of seed soaking and de-coating on G. kola
seed germination,Yakubuet al. (2014)
reported that dormancy period increased
with increasing period of soaking and
therefore negatively affected germination
capacity and rate. Meanwhile,
Asomaninget al. (2011) who studied the
desiccation sensitivity of G. kola seeds
concluded that the seed can only retain
viability during short storage periods but
lose viability in a long period of storage.

Mean daily germination was highest in
LH72hHs, LGAT72,, and DP. Dormancy
period and mean germination time among
the three pre-germination treatment
methods was in the percentile range lowest
to high, while, germination capacity (%),
and mean germination speed were in the
percentile range high to highest. This
means that while dormancy period and
mean germination time reduced backwards,
germination capacity (%) and mean
germination speed increased forward. This
is due to the negative correlation between
dormancy period, mean germination time
and mean daily germination on the one
hand and the positive correlation between
the mean daily germination, germination
capacity (%) and mean germination speed
on the other hand. LH72nHs, was the pre-
germination treatment method where hard
seeds were lacerated, heat stratified in
water at 30° C, LGA72, were seeds
lacerated and soaked in 2500 ppm
gibberellic acid solution for 72 hours,
while DP were seeds de-coated and
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pricked. Therefore, laceration, heat
stratification and gibberellic acid are pre-
germination treatment methods that also
reduce dormancy period and increase
germination. This is in agreement with
Nzegbula and Mbakwe (2001); Kanmegne
and Omokolo (2008); who reported that
gibberellic acid improved germination of
G. kola seeds although not significantly.
The result is however contrary to Eyog-
Matiget al. (2007) who reported that heat
stratification for 24 hours in a cooling 70°C
water resulted in embryo mortality.

The effect of seven
(Cs241,Cs72n,LS72hHs,LH72nHs,1572hHs, L1
hHs,andDP74s48,W) out of the 12 pre-
germination treatment methods correlated
significantly with the control treatment Is
This means that the seven pre-germination
treatment methods did not differ
significantly from the control in their effect
on the germination characteristics.
Therefore, they may not be considered
when considering a significant
improvement in germination of G. kola
seeds. Four (DP, DP24yW, LGAT72hand
DP30gs) out of the 12 pre-treatment
methods were not significantly (p > 0.05)
correlated with the control. The four pre-
germination treatment methods produced
results different from the control. DP, and
DP24yW reduced dormancy period and as
such increased germination capacity (%),
germination speed and mean daily
germination more than the control, Is.
LGAT72h though did not reduced dormancy
period below the control (Is), it however
recorded higher germination capacity,
speed and mean daily germination. While
DP30q¢s recorded the highest dormancy
period and mean germination time and as
such the lowest germination capacity (%),
mean germination speed, and mean daily
germination than the control, Is. Hence DP,
and DP24)W were the pre-germination
treatment methods that exceeded the
control in dormancy reduction as well as in
germination capacity (%), germination
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speed, and mean daily germination
improvement. This is in agreement with
Anegbeet al. (2006); Okonkwoet al.,
(2014) who reported that de-coating and
nicking of G. kola seeds reduced seed
dormancy and improved germination better
than the control treatment of intact seeds.
Moreover Munjugaet al., (2008) reported
using seed de-coating to reduce dormancy
period significantly in  Allanblackia
floribunda. Furthermore, Yakubuet al.
(2014) reported that de-coated G. kola
seeds soaked for 24 to 72 hours reduced
dormancy significantly and improved
germination above the control treatment
where seeds were de-coated but not soaked.

CONCLUSION

The germination characteristics dynamics
investigated in the study was such that
dormancy and mean germination time were
negatively correlated with germination
capacity (%), germination speed, and mean
daily germination. This implies that
dormancy and mean germination time were
inversely related to germination capacity
(%), germination speed and mean daily
germination. Therefore, pre-germination
treatment methods that reduced dormancy
and mean germination time invariably
improve germination. DP (seeds de-coated
and pricked), DP24y)W (seeds de-coated,
pricked and soaked 24 hours at room
temperature 26° C) and DP74s48,W (Seeds
stored 7 days at room temperature (26° C)
were de-coated, pricked, and water soaked
for 48 hours) pre-germination treatment
methods recorded the lowest dormancy
period and improved germination the most
due to the dynamics among the germination
characteristics. DP and DP24,W did not
correlate significantly with the control, Is
(Intact seeds sprinkled with water) while
the remaining pre-germination treatments
methods correlated significantly with the
control. Therefore DP and DP24,W
reduced dormancy and  improved
germination more than the other pre-
germination treatment methods. The two
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pre-germination treatment methods are
therefore recommended for reducing G.
kola seed dormancy.
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