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ABSTRACT

A number of coniferous species have demonstrated varied cone responses to the temperature
intensities for seed release and subsequent seed germination behaviour. This study investigated
the interactions of cone physical characteristics (weight and width), exposure duration (6,12 and 24
hours) at a fixed extraction temperature (65°C) and the germination temperature (22, 27 and 32°C)
on seed quality of Pinus patula. The experimental design was a factorial experiment (4x3x3) laid
down in a completely randomized design (CRD), with thirty-six treatments replicated 3 times.
Analysis of the difference in means from the three factor effects from ANOVA was performed using
R Statistical software. Where significant differences were observed, post hoc tests were carried out
to separate means using the Tukey test at 5 % significance level. Results showed significant
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(p=0.001) differences in germination performance as a result of cone characteristics, extraction
exposure periods, and germination chamber conditions. Seeds extracted from heavy cones and
exposed to germination temperature of 32°C demonstrated the highest germination percent at 90%
while the lowest was 20% from light cones exposed to similar germination temperature conditions.
Negative and significant correlation coefficients were observed in germination of seeds from narrow
and light cones, thus cone sorting for heavy and wide cones was recommended for better
germination performance of P. patula seed germplasm.

Keywords: Pinus patula; cone size; seed exposure; germination; correlation.

1. INTRODUCTION

Pine forests are the dominant vegetation in many
parts of North America, Europe and Asia [1,2].
Pines exhibit a wide range of ecological
strategies; some species fill early successional
roles whereas others are late-successional trees
[3,4]. Many other pine species are planted to
revegetate disturbed sites, stabilize dunes, for
shade and ornament, to provide windbreaks and
for other purposes such as continuous supplies
of raw materials for wood and wood-based
industries [5,6]. Conifer plantations in all
continents, and for the vast majority of regions,
have demonstrated higher numbers of
naturalized Pinaceae than those for
Cupressaceae [7].

In some parts of Africa as elsewhere, the rate of
growth of the indigenous tree species is low and
incapable of meeting the growing demands for
wood for the ever-increasing population.
Therefore, plantations of fast-growing exotic tree
species have been established to supplement
the wood supplies from natural forests [8,9].
Pinus patula has been one of the most promising
of the exotic coniferous species tried in many
parts of Southern and Eastern Africa though
success is restricted mainly to high altitude areas
[10,11]. In Kenya, it is found on young fertile
volcanic soils and on mature leached infertile
soils. P. patula produces excellent fuel wood.
The species is used in the commercial
manufacture of pulp in the paper industry and its
timber produces wood suitable for particle board
manufacture and structural building construction
[12-14]. In addition, when tapped, P. patula
yields an oleoresin, which is distilled to give
turpentine, and rosin which is used in painting
and dyeing industries [15].

Fire disturbance has favoured pine expansion by
facilitating cone bursting and stimulating
germination especially for regenerations [16—19].
Fire intensity and frequency has acted as a factor
of natural selection in pine species populations’
regeneration and succession [20]. Pines in the
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absence of fire are poor in regenerating and
often vulnerable to succession partly due to their
serotinous nature as well as their inability to
establish beneath their own canopy other than in
small canopy gaps [21,22]. This explains the
advantage that other species have over pine on
similar sites, where there is a source of seed
ready and available for the other forest species
unlike the pines.

Higher temperature intensities (a function of the
temperature reached and the time of exposure)
has been shown to be a key factor in cone
opening for seed release and also influences
seed germination energy, rate and capacity [23—
26]. Heat tolerance and thermal shock resistance
as indicated by germination energy is shown to
be dependent on species, cone and seed
moisture content [10-12]. Thus, for extraction of
seed in serotinous pines, the insulation capacity
of cones and the thermal resistance of seeds,
are believed to be the determinants for
successful seed germination. Red pines have
also shown variability in germination for cones
that remained closed several years after fire.
Initially the germination was low and slow for
some cones but altogether, given time the
germination increased to 70% at the end of the
experiment [27].

It is known that pine populations can differ
significantly in germination behaviour, for
example, in germination percentage and time,
prechilling requirements, or seed freezing
tolerance [28,29]. The rate of seed extraction has
been used to indicate the extraction efficiency in
pines whereas the cone potential has been
inferred to as a ratio between the number of
germinable seeds vis a vis the total number of
seeds in a cone [30,31]. A number of pine
species especially in fire prone areas have
previously been investigated for the insulation
capacity of cones for safe seed release
[20,26,32,33]. It was observed that under
different treatments, their respective cone
responses to the temperatures and subsequent
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seed germination varied across the species
tested [34—36].

Germination  responses  under  controlled
conditions also exhibit some variance. In
coniferous species, the level of cone protection
against heat (insulation capacity) also varies
from one species to another and thus is the seed
protection from thermal insulation [37]. Studies
by [38], have been carried out to assess the
effects of forest fires to the regenerative abilities
of pine stands after fire events especially in the
Mediterranean where some pines were found to
be fire tolerant as germination of seeds was not
affected. Some studies have observed that seed
germinability and responses to thermal shock
greatly varied depending on the intensity and
duration of exposure to thermal treatments
[19,23].

In addition, for Aleppo pine, cone exposure to
30°C was determined to be safe for seed
extraction as the procedure did not show any
adverse effect on seed germination [39].
Lodgepole pine seeds heated to temperatures
over 80°C exhibited a significant decrease in
germination suggesting existence of a threshold
temperature above which germination is
reduced. This threshold temperature coincided
with the upper temperatures required to open
serotinous cones. The study suggested that in
terms of germination, seed from serotinous
cones that were not heated above the threshold
temperature could compete equally with seed
from non-serotinous cones [40]. For P. patula,
65°C was earlier recommended (for rapid seed
extraction as cones are set to open from 4 hours
up to 24 hours. However, seed germinability was

not tested, thus, the safe extraction exposure
period was yet to be established. Therefore, the
objectives of this study were: i) to analyze the
correlations between cone width, exposure
period and germination temperature on seed
viability, and ii) to analyze the correlations
between cone weight, exposure periods and
germination temperature on seed viability.

2. MATERIALS AND METHODS

Cones were randomly collected from a seed
orchard in Kamara block of Londiani forest,
Kenya. Measurements of width and weight were
taken by use of an electronic calliper and a
KERN & Sohn (KB 10000-1N) balance
respectively. The cones were categorised as
either; narrow, wide, heavy or light depending on
the width and weight, whereby the ranges used
were; 20g to 279 for light, 28g to 34g for heavy,
2.5cm to 2.8cm for narrow and 2.9cm to 3.2cm
for wide cones respectively [41]. These cones
were then exposed to artificial extraction
conditions in ovens set at 65°C [42].
Observations of the seed released were done
after 6, 12, and 24 hours. Extracted seed was
cleaned by removing the empty wings and
dewinging the full seeds. Each petri dish had 100
seeds replicated three times from each of the
extraction treatments [43]. Radicle emergence
was used as the criterion for germinability
[38,44]. The number of germinated seeds were
recorded daily for up to day 28 with those
counted being discarded (counting without
replacement). Observations of germination was
indicative of seed vigour for seeds exposed to
the different controlled conditions.
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The experiment consisted of 36 treatments
replicated 3 times with the following as
treatments:

1. Cone characteristics: H= Heavy weight; L=
Light weight; W= Wide cone, N= Narrow cone

2. Duration of exposures for seed extraction:
Exposure T1= 6 hours, Exposure T2= 12 hours,
Exposure T3= 24 hours.

3. Germination chamber temperature:
°C, G2=27 °C, and G3=32 °C

G1=22

The study design (Fig. 1) is illustrated as follows:
3. RESULTS

In the category of cones grouped on basis of
cone width, seed extraction periods showed
weak negative relationships with germination
performance in seeds extracted from narrow
cones (Table 1). Similarly, germination
temperature also showed weak negative but
significant  relationships ~ with  germination
performance in this narrow cone category.

In this (narrow) cone category germination
trends, the highest germination percentage
(69.0%) was observed from seeds extracted in
the first six hours and exposed to 32°C for
germination and the least (25.5%) was observed
from seeds of the last twelve hours of extraction
exposed to a germination temperature of 22°C

(Fig. 2).

Analysis of correlations in seed germination
performance of seeds from the wide cones under
the varied extraction periods and different
germination temperature conditions showed
some positive relationships but no significant

relationships between germination success and
germination temperature (Table 2).

There were insignificant  differences in
germination in the three chamber temperatures
as demonstrated in the germination trends. On
the other hand, there were significant differences
in germination performance of seeds from wide
cones in relation to the extraction exposure
periods (F=16.415 (Fcit=4.757), p=0.0027). The
seeds which showed better germination
performance at the three chamber temperatures
in the wide cones category were those exposed
to extraction for 24 hours without breaks (Fig. 2).

Cone weight and extraction exposure periods

generally showed a negative relationship
with germination. Germination performance
negatively interacted with both germination

temperatures and extraction exposure periods
when cone weight was considered.

Moderately strong negative and significant
correlation was observed in seed germination
performance from seeds of light cones with
effects from extraction periods (Table 3).
Germination performance and germination
temperature correlated positively, weakly and
insignificant.

Seeds exposed to the three extraction periods
from heavy cones showed weak but positive
interaction  with  germination  performance
(Table 4). This weak positive correlation was not
statistically significant. For this group the
germination performance negatively correlated
with  germination temperature  conditions,
although not significant.

Table 1. Pearson correlation coefficient for germination of seeds from narrow cones

Variables Germination Extraction Germination
temperature period performance

Germination temperature 1

Extraction period .100ns 1

Germination performance -.244" -.323" 1

** Correlation is significant at the p<0.05 level. ns: p>0.05 correlation not significant

Table 2. Pearson correlation coefficient for germination of seeds from wide cones

Variables Germination Extraction period Germination
temperature performance

Germination 1

temperature

Extraction period -.085ns 1

Germination .086ns -.128ns 1

performance

ns: p>0.05 correlation not significant
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Table 3. Pearson correlation coefficient for germination of seeds from light cones

Variables Germination Extraction Germination performance
temperature period

Germination 1

temperature

Extraction period .007 1

Germination .085 -.618" 1

performance

**_Correlation is significant at the p< 0.05 level; ns: p>0.05 correlation not significant

Table 4. Pearson correlation coefficient for germination of seeds from heavy cones

Variable Germination Extraction period Germination
temperature performance
Germination 1
temperature
Extraction period -.004ns 1
Germination -.034ns .089ns 1
performance
ns: p>0.05 correlation not significant
(a) (b)
(c)

Fig. 2. Germination trends based on different seed extraction and germination conditions

Under controlled conditions, germination was
observed to begin from 7 to 9 days. Seed
extracted from heavy (90%) and wide (80%)
cones after 24 hours, generally showed better
germination performance cumulatively under
27°C chamber conditions. Seeds from light cones
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subjected to 24 hours exposure for extraction
and set at 32°C chamber conditions had the least
cummulative germination percent 26.3%. The
early radicle emergers were observed at 32 and
27°C chamber temperatures with late risers at
22°C.
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Germination performances analysed by ANOVA
for seed samples from heavy cones extracted in
phases and also in 24 hours without breaks
showed no significant differences in germination
performance of seeds germinated under the
three chamber conditions. There were also no
significant differences in germination resulting
from the exposure periods. This indicates that
differences in germination of seeds from the
heavy cones group were not significant either
with extraction period or with germination
chamber temperature as a factor. A similar
performance was experienced in seeds from light
cones.

The relationships between the cone
characteristics: width and weight, extraction
exposure periods and germination gave the
following regression equations:

Guiath = 40.7 + 0.700 — 0.913,, with
R2=87.7% and Gyeignt = 35.5 + 0.500, —
0.238¢, With R2= 7.3%.

Where; G=germination performance (%), ex=
extraction period (hours), gt= germination
temperature (°C).

4. DISCUSSION

Variations in seed germination performance has
been noted in the results of the current study with
differences in cone traits and changes in
extraction exposure period and germination.
Within the groups, based on extraction period the
first phase of extraction, twelve hours showed
positive influence on germination potential in the
three chamber conditions. However, there was
steady decline of germination with progression in
extraction phases in groups L and N (seeds from
light and narrow cones). This showed that as the
extraction time increased, the number of seeds
germinated reduced at warmer chamber
temperatures.

The trends in the narrow cones category showed
that germination sensitivity was affected by seed
extraction exposure periods as increased
exposure periods within the phases of extraction
had declining germination performance. The
variations in germination exhibited based on the
cone width characteristic showed much
sensitivity to exposure periods of extraction and
temperature intolerance by how wide or narrow a
cone is. Narrow cones exhibited much
intolerance to temperature variations, (cooling
within breaks) as extracted seeds showed more
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deterioration with changes or increase in
exposure periods and germination temperature.
These findings agrees with earlier work by
[20,45].

This study focused on the germination capacity
as post germination performance which have
been shown to even out in the field over time as
the seedlings get established. Germination
performance has been used to characterize the

physiological quality of pine seeds as
documented by [46]. Several parameters have
been used to characterize germination

performance of pine; lodgepole pine (Pinus
contorta) seed lots. These include; germination
the time of germination onset (lag), germination
speed (rate), and extent or capacity (cumulative
germination percentage at the end of the testing
period). Further investigations showed that
germination capacity (% germination) was the
most important parameter in determining the
suitability of a seed lot for commercial use, but
germination rate influences the uniformity of
emergence in nurseries as earlier documented
by [47-49].

Previous studies have shown that both
environmental and genetic factors influence the
potential of trees to produce fertile quality seeds
whereby depending on the tree species, seed
germination varied according to latitude,
elevation,  soill moisture,  soil nutrient,
temperature, type and density of plant cover, and
degree of habitat disturbance of the site [49,50].
Location of seed at the time of maturity plays an
important role in determining a forest tree’s
potential for seed quality and seed fertility
[51-53].

Other studies have shown instances where there
is positive correlation between the extraction
exposure period, cone productivity and
germination. In these studies, cone and seed
germination traits were shown to be genetically
inclined [28]. In an effort to understand the
effects of cone size and seed mass on
recruitment  of  maritime  pine,  results
demonstrated that, although seed weight was
suggested to be an indicator of robust seedlings,
heavier cones tended to generate more mature
seeds, but not necessarily heavier ones. Overall,
according to the study, for maritime pines, in as
much as seed mass was an indicator for seedling
growth, seedling viability was not compromised
by seed mass. A positive relationship was found
between seed size and seedling growth pointing
that larger seeds were more likely to survive after
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heat shocks [54]. This recent
corroborates with the current study.

finding

Seeds extracted from cones in the light category
at the end of the 24 hours without breaks, had
the lowest germination performance while the
best performance was from heavy cones within
the same germination condition (32°C). The
results of this study showed that germination
rates decline with increase in exposure period
within the three phases of extraction. Earlier
studies by [24] showed that exposure to higher
seed extraction temperatures negatively
influence germination of pine seeds.

Seeds from heavy cones exhibited lower seed
moisture indicating fuller embryo thus little space
for water. Lower seed moisture content reduces
the risk of thermal shock depending on the
germination temperature conditions [4].
Additionally, heavy cones could be expected to
have better insulating properties protecting the
seeds from deteriorating when exposed for
longer periods. As a result of these differences in
cone characteristics and exposure duration,
seeds responses to thermal shocks were also
different. Moisture content has been shown to
affect seed deterioration rate and has impacted
on storage longevity of seeds as earlier
documented by [55,56]. Thus, drying of seeds
has been known to increase the storage life.
Warmer temperatures were demonstrated to
have an overall better germination which
dropped with lower temperatures.

Whereas wide cones yielded the most seed, the
highest germination was observed from seeds of
heavy cones. A comparison of the results shows
that increasing seed exposure duration phases at
the constant temperature of 65°C increased in
the percentage of seed germination and is lower
in lighter cones. Insulation capacities of cones
have been shown to differ between species and
within pine species with other species such P.
halepensis shown to be more resistant to higher
temperatures, whereas P. nigra and P. sylvestris
experienced inhibited seed germination at higher
temperatures [23,32,57].

Seed germination is shown to deteriorate more
when extracted in phases or in breaks than when
exposed to a full 6 hours or an entire 24 hours.
The breaks could indicate brief changes in
temperature and humidity after the beginning of
cone opening. This shows that the extraction
conditions, seed sensitivity and tolerance, during
seed handling also influences seed germination
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behaviour. Constant extraction conditions
positively influenced the seed germination.

The mean germination and early survival did not
differ significantly between the groups selected
samples germinated under open nursery
conditions. Seeds from narrow cones extracted
in the second phase had the lowest survival.
Extended drying periods did not significantly lead
to decreased seed quality under nursery
conditions as the varied exposure duration effect
somehow evened out during the seedling early
survival.

Notably, germination seemed to decline for
seeds extracted in day 11 and 12. Seeds
extracted within the first 3 to 7 days under drying
bed conditions exhibited better germination
performance. Germination vigour observed early
and late radicle emergers in comparison had
similar overall performance. As expected,
germination temperature conditions played a
crucial role in initiating germination. An earlier
study had pointed out temperature among other
factor as most influential in germination rate and
synchrony [58].

5. CONCLUSION

P. patula cone weight showed greater influence
on germination than cone width. Seeds produced
from heavier cones gave better germination
performance than those from wide, light and
narrow cones. Bigger cones have demonstrated
better capacity in producing fuller seeds,
protective (insulation) abilities and overall
elasticity to environmental changes. Thus, these
properties by extension, encourage development
and production of sound, robust, equally resilient
seeds. Seed germination conditions had greater
influence on germination than the extraction
exposure durations and cone characteristics.
This was shown in the higher seed germination
performance trends at 32°C. This could be
explained as increased seed vigour with warmer
temperatures. Radicle emergence and
physiological process during germination seems
to be favoured by warm temperature as low
germination temperatures give a chilling effect
thereby increasing the inhibition mechanisms of
seeds.

6. RECOMMENDATIONS

Germination under controlled temperatures
showed consistency, hence recommendation of
warmer temperatures between 27°C to 32°C for
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higher germination performance. To enhance the
quality of germplasm resources, cone sorting of
Pinus patula for wider and heavier cones is
recommended for improved seed extraction and
germination potential.
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