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Abstract: Pericopsis elata (Fabaceae) is a highly commercial species of semi-evergreen wet forests in central and
western Africa. Its exploitation began in the second half of the 20th century because of its highly valued wood on
the international market. Because of its low potential for natural regeneration, it is now considered an endangered
species by IUCN and listed in Appendix Il of CITES. No action was taken on the identification of good mother tree
to enable good production of seedlings suitable for the management of logged forests of this species. Hence the need
for new scientific investigation with a view to obtaining the missing information which would allow an
unambiguous decision on the threats to the species. The objective of this study, which was conducted from
November 2015 to July 2016, was to determine the diameter classes with the highest seed germination rate and the
highest viability of the seedling seedlings at four months after sowing. To determine the germination rate, 100 seeds
were tested for each diameter class. After germination, the seedlings were monitored for 120 days at the end of
which the viability rate was calculated for each diameter class. Seeds from mother tree of the highest diameter
classes [60-70cm[, [70-80cm[, [80-90cm[ and [90-100cm[ recorded the best germination rates with respectively 36,
42, 30 and 36%. The simple regression between germination rate and seed diameter classes is significant at the 5%
probability threshold. The highest seedling viability rate of 98% is obtained with mother tree the diameter class [70-
80cm[. However, it should be noted that the simple regression between plant viability and seed diameter classes
have a fairly good relationship.
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1. Introduction

In most plant species, the seeds vary in their degree
of germinability inter and intra individuals and
populations. Some of this variation may be of genetic
origin, but much of it is known to be phenotypic.
That is, it is caused by the local conditions under
which the seeds matured. These conditions consist of
a combination of the microenvironment experienced
by the seed due to its position on the parent plant and
the abiotic environment of the plant (Miller et al.
2014). In different plant species, maternal factors,
such as the position of the inflorescence on the
mother plants or the position of the seeds in the fruit,
can markedly influence the germinability of seeds
(Gutterman 1994, 1996; Grey and Thomas 1982),

also the age of the mother plant during flower
induction (Kigel et al. 1979) or seed maturation
(Gutterman 1978). The age of the mother plant can
affect the germination parameters of its seeds. Miiller
et al. (2014), show that there is a positive and
significant correlation between age and fertility in
Cistus albidus. The seed production of Picea mariana
increased steadily with mother tree age (Viglas et al.
2013). However, Mao et al. (2014) did not identify
any relationship between age of mother tree and seed
germination. So, the relationship between tree age
and seed production remains ambiguous.

Pericopsis elata is a high commercial value timber
species, restricted to moist semi-deciduous African
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forests (West and Central Africa). This species is
valued for the high quality of its wood, and its
exploitation started more than 50 years ago, mainly in
Ghana and Céte d’Ivoire (Dickson et al. 2005). P.
elata is defined as a gregarious species (Boyemba
2011), meaning large numbers of trees generally and
naturally occur within spatially restricted areas. Since
juvenile and old stems are said to be rare throughout
its natural distribution area, the typical population
structure of P. elata follows a bell-shaped curve in
Cameroon (Betti 2007). In Cameroon, flowering
starts in March-April (Bourland et al. 2010) and
minimum fertile and effective fruiting diameters were
32 and 35cm (Boyemba 2011), respectively. Pieters
(1994) stated with certainty that the untouched forest
microclimate (close to the ground, with a very low
level of light exposure and a high moisture content) is
the most favorable for the germination of these
species, while the environment created after clear
felling is extremely unfavorable. After germination in
an untouched forest, he noted a high mortality rate
among of young seedlings, especially during the first
weeks after germination. Regeneration of P. elata is
reported as being remarkably rare, despite abundant
seed production wherever it is studied in its
distribution area (Bourland et al. 2012).

Despite being listed both in CITES Appendix Il and
on the IUCN Red List, important information on P.
elata ecology are still lacking (Anglaaere 2008).
Indeed, too few data are available on phenological
patterns and fertility, making it difficult, for example,

to analyze the impact of logging on seed tree
populations. The question of what happens to trees as
they age has been subject to considerable speculation
but few data have been produced on the effects of
aging on germination and viability of seedlings.
Consequently, more research is needed before a
definitive decision can be made to allow harvesting
of P. elata, in order to ensure that this action does not
threaten the species with extinction. Specifics
objectives of this study were to:

* determine diameter classes with high seed
germination rates of P. elata.

+ determine diameter classes with high seedling
viability rates from P. elata seeds at four months after
germination.

2. Study area and data collection

2.1. Study area

The fieldwork of this study was carried out in the
East Cameroon region, specifically in the forest
concession made up of FMU 10.030 and 10.031. This
forest concession managed by the Pallisco forestry
company straddles the districts of Messok and
Abong-Mbang over a total area of 118 052 ha.
Geographically it is between 3 ° 01 'and 3 ° 25' north
latitude and between 14 ° 05 'and 14 ° 31' east
longitude and lies to the east of the departmental road
Zoulabot | - Messok and South of the Zoulabot -
Medjeuh - Medoum road. It is limited to the East by
UFA 10.020 and 10.021 and in the South by UFA
10.029 (Figure 1).
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Figure 1: Location of the forest concession made up of FMUs 10.030 and 10.031 (Pallisco FMU Management Plan,

2015) Z: study area
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The annual temperature of this zone oscillates around
24 °C and annual rainfall varies between 1550 and
2000 mm with an average altitude of 700 m (Afouba
et al.,, 2011). The predominant floristic composition
of this zone is the dense evergreen moist forest with
the presence of semi-deciduous formations and
whose characteristic dominant species are: Alstonia
boonei,  Baillonella  toxisperma,  Amphimas
ferugiperes, Crudia gabonensis and many other
Irvingiaceae (Letouzey, 1968).

2.2. Data collection

Since P. elata is an anemochorous species and to
avoid attributing the fruit collected on the soil to
another nearest tree, we chose isolated mother tree
that is, having no neighbors within a radius of 200 m
(Boyemba, 2011). The fruiting mother trees with a
diameter at breast height greater than 40cm and no
external defect were considered as mother plants. An
average of six mother plants per class of diameter
was selected. These mother plants belonged to 6
classes of diameter of amplitude 10 cm ([40-50cm][,
[50-60cm[,[60-70cm[, [70-80cm[, [80-90cm[ and
[90-100cmy).

The pods were collected around the mother plant
during the dispersal period and packed in plastic bags
labeled according to a coding that took into account
the date of collection, the forest management unit
number, geographical coordinates and diameter of the
mother plant. After that, the pods were transported to
the laboratory of soil microbiology and to the
pedagogical nursery of the biotechnological center of
the University of Yaounde | for the experiments.
Once in the laboratory, the seeds were homogenized
and two samples of 100 seeds were randomly
selected for seed quality testing (purity and
germination).

2.2.1. Seed physical parameters

Purity test

The pure seeds were separated from the impure seeds
and weighed. A seed was considered pure if it
appeared normal in size, shape and general
appearance. On the other hand, the one that was too
small, had been partially devoured by the insects, or
showed molds, was considered impure. The
percentage of pure seeds was calculated according to
the following formula:

Purity % = (Weight of “pure” seed / Total weight of
original sample) x 100 (FAO, 1980)

Seeds Weight

It is important to know the number of seeds per
weight unit, because this number and germinative
vigor can be used to calculate the approximate weight
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of seed needed to produce a given number of
seedlings.

To determine the number of seeds per unit weight,
two samples of 100 seeds were randomly taken from
the seed lot, and the number of pure and full seeds
was then counted and weighed. As in the purity test,
the impure seeds were removed. The number of pure
seeds per kilogram was calculated by the following
formula:

Number of pure seeds per kg = (humber of seeds in
sample / weight of seeds in sample in g) x 1000
(FAO, 1980).

2.2.2. Germination testing

To determine the percentage of germination, a seed
lots were tested according to the diameter classes of
the mother plants in a substrate, consisting of 2/3 of
soil and 1/3 of sand. This substrate was sifted through
a 5 mm mesh screen, mixed and placed in pots. The
results of the germination tests are expressed in
different ways:

Germination rate = (Number of germinated seeds /
Total number of seeds in the sample) x 100
To better appreciate the quality of our seeds, several
parameters have been taken into account.
Germinative vigor (GV), which is the percentage of
seeds that germinate in a sample until the daily
germination reaches a maximum; the latent phase or
latency duration which represents the time in days
which elapses between the seeding and germination
of the first seeds of the lot, the cultural value and the
rate of germination.

Speed of germination: Number of seedlings emerging
daily are counted from day of planting the seeds in
the medium till the time germination is complete.

Vg = GUT1 + G2IT2 + ...... + Gn/Tn (Scott et al.,
1984)

Where G1 = Number of seeds germinated on the first
day

G2 = Number of seeds germinated on day 2

Gn = Number of germinated seeds on nth day
Tl=dayl Tn=dayn

2.2.3. Study of seedlings growth in the nursery
After germination, these seedlings were monitored
for four months, after which the growth parameters
(height and collar diameter) were recorded after every
30 days in order to obtain a general idea of the
quality of the plants. The viability rate was calculated
after the 120 days by the mathematical formula:
Viability rate = (Number of viable seedlings / Total
number of germinated seeds) x 100 (FAO, 1980).

2.3. Data analysis
The data obtained were compiled in Excel 2010 and
analyzed using XLSTAT 2014. The mean values and
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standard errors of all parameters were calculated.
Analysis of the variance (ANOVA) was used to test
whether there is a difference between seed lots.
Separation of these means was done with the Duncan
test at the probability threshold P <0.05.

These models relate the relationship between the
germination rate and viability of seedlings with
different class diameter of mother plant. The main
test used to validate the model of regression, is the
coefficient of determination R? which gives the
percentage of variation explained due to the variation
in the explanatory variable.

3. Results

3.1. Determination of germination characteristics
by mother tree diameter classes

Table 1 indicates the number of seeds obtained for
each diameter class after weighing 10 g and their
estimates per kg. The diameter class [50-60 cm[
recorded 44 seeds which is significantly higher than
that of the other diameter classes (p < 0.05). Mother
plants belonging to the highest diameter classes [70-
80cm[, [80-90cm[ and [90-100cm[ have obtained a
significantly low number of seeds, meaning 35 seeds
per 10 g.

Table 1: Number of seeds for 10g per mother plants diameter class

Diameter [40-50[ [50-60[ [60- 70[ [70- 80[ [80-90[ [90-100[
Classes (cm)

Mean number 40,5+0,70b  44+7,07a 39+0b 35,540,70c  35x0c 35+2,82¢
of seeds/10g

Estimation 4050 4400 3900 3500 3500 3500
/Kg

Means with same letter are not significantly different
according to the Duncan test at p<0.05

Table 2 summarizes the results obtained with respect
to purity, germinative vigor, germination speed,
latent period and the corresponding germination rate
for each diameter class. The findings of this study
clearly show that the percentage of purity of the seeds
according to the seed diameter classes is the highest
for the mother tree class of diameter [50-60cm[. The
classes [70-80cm[ and [90-100cm[ recorded less
significant proportions of pure seeds (p < 0.05),
respectively 42.75% and 47.01%.

From this table, seed belonging to seedlings of the
diameter class [80-90cm[ recorded a germinative
vigor of 29% followed by values obtained in the
diameter classes [60-70cm[ and [70-80cm[ which are
respectively 21.7 and 21% (p < 0.05).

The latency of this germination varies between 8.5
and 125 days following the diameter classes.
However, seeds from seedlings belonging to the
diameter classes [70-80cm[ and [80-90cm[ germinate
faster (8.5 days after sowing) than seeds from the
diameter class [50-60cm[ (12.5 days after sowing) at
p <0.05.

Moreover, the germination rate according to the seed
diameter classes varies considerably. From the table
3, it can be seen that the diameter class [70-80cm][
has a germination rate of 42%. This is significantly
higher than the values obtained in the diameter
classes [50-60cm[ and [40-50cm[, which are
respectively 20 and 18% (p < 0.05).

Table 2: Values of germination parameters by diameter classes

Diameter % of purity Germinative Latent period Germination Germination
classes (cm) Vigor % (day) speed rate (%)
[40-50[ 64,28+3,36b 10,5+0,7d 9,5+0,7bc 1,474£0,24b  18+8.36b
[50-60[ 70,41+0,58a 17,543,53c 12,5+2,12a 1,21+£1,23b  20£10b
[60-70[ 54,54+6,42¢c 21,745,33b 9+0hc 4,12+0,14a  36x15.16ab
[70-80[ 42,75+7,42d 21+12,72b 8,5+0,7¢c 2,58+2,54b  42+17.88a
[80-90[ 55,76+2,72¢ 29+8,48a 8,5+0,7¢c 2,36+£1,76b  30+18.7ab
[90-100[ 47,01+13,44d  17,5+3,53c 10+2,82b 2,1242,31b  36+16.73ab

Means with same letter are not significantly different according to the Duncan test at p<0.05

The germination rate increases as the diameter of the mother plants grows and as the slope of the regression line is
positive. However, the simple linear regression at p < 0.05 shows that germination rate (explained variable) explain
33% of variation of seed diameter classes (explanatory variable). Therefore we have a fairly good relationship
between germination rate and mother plant diameter classes (Figure 2).
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3.2. Growth rate of seedlings in the nursery

3.2.1. Growth of stems of seedlings over 4 months
in a nursery

The observations indicate that up to 60 days after
sowing, the seedlings have significantly the same size
(Table 3). At 90 days after sowing, the seedlings of
the diameter class [70-80cm[ have an important
elongation, with height of 31 cm, statistically (p <
0.05) higher than seedlings of other classes of
diameter (about 25 cm). At the end of 120 days after
sowing, the diameter class [70-80cm[ still have an
important elongation along with the diameter classes
[50-60cm[ and [90-100cm[ (p < 0.05).

.2 3 4
Diameter classes of mother p?ants
Figure 2. Germination of P. elata seeds as a function of diameter classes of mother plants, 1 = [40-50cm[;... 6

7

For each diameter class, between zero and 30 days
after sowing, when the seedlings still carry the
cotyledons, the diameter at the collar is not
significantly different from one class of diameter to
the other (p < 0.05). The evolution of the collar
diameter over time shows a gradual increase in the
average diameter. At 60 days after sowing seedlings
from seed of the class [40-50cm[ have a larger collar
diameter, which is 2.85 mm, and statistically
comparable to seedlings of other classes of diameter
(p £ 0.05). At the end of 120 days, seedlings derived
from mother plants of the diameter class [40-50cm[
had a highest collar diameter, 4.87 mm, comparable
to seedlings of all other diameter classes.

Table 3: Growth in height and collar diameter of P. elata seedlings as function of mother tree diameter classes

Diameter 30 days 60 days 90 days 120 days
classes (cm) height diameter  height diameter  height diameter  height diameter
[40-50[ 12,66 a 2,31a 19,55a 2,85a 2522b 3,52a 32,61ab 4,87a
[50-60[ 12,36 a 2,06 a 18,87 a 2,75a 25,75b 3,48a 34,07 a 4,76 a
[60-70[ 11,83 a 2,09a 18,52 a 2,57a 24,79b  3,33a 32,4 ab 4,65a
[70-80[ 13,53 a 1,98a 21,25a 2,58 a 3la 3,23 a 35,63 a 4,38a
[80-90[ 13,38a 2,17a 21,15a 2,7a 25,06b 34a 29,03 ¢ 4,58 a
[90-100[ 13,49 a 2,06 a 20,38 a 2,6a 2547b 3,28a 36,62 a 4,6a

Means with the same letter in the same column are
not significantly different according to the Duncan
test at p<0.05

Seedling foliage production is continuously
increased. From the first month, the number of leaves
per shoot was three for all diameter classes; this
number double by the second month after sowing for
all the seedlings. Four months after sowing, a slight
slowdown was noted in the development of new
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leaves in mother tree diameter classes except the ones
of classes [50-60cm[ and [70-80cm[. Seedlings bear
on average eleven leaves after four month.

3.2.2. Growth of roots pivots of seedlings over 4
months in a nursery

The results of the analysis of the root growth of the
seedlings by diameter class are shown in Table 4. The
lengths of 18.74 and 18.70 cm recorded respectively
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by the seedlings originating from the seeds belonging and [90-100cm[ are significantly greater than those of
to the seedlings of the diameter classes [80-90cm[ other diameter classes (p < 0.05).

Table 4. Rooth growth of seedlings as function of diameter classes

Diameter classes (cm) Root length (cm)
[40-50[ 17,80+2,38ab
[50-60[ 16,32+3,09ab
[60-70[ 17,87+3,03ab
[70-80[ 15,5843,37b
[80-90[ 18,74+1,44a
[90-100[ 18,70+3,06a

Means with the same letter are not significantly different according to the Duncan test at p<0.05

3.2.3. Viability of seedlings from P. elata seeds at 4 months after sowing

The diameter class [70-80cm][ recorded a high seedling viability rate (98%), statistically comparable to that of the
lower diameter classes. However, the diameter classes [80-90cm[ and [90-100cm[ reveal respectively the viability
rates of the lowest viability rate seedlings, ie 75 and 83% (Figure 3).
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Figure 3: Viability rate (%) of seedlings after 04 months by mother plants diameter classes. The bars (mean +
standard error) bearing the same letters are not significantly different at the 5% probability threshold.

The regression line showing the negative relation between mother plants diameter classes and seedling viability rate.
The observations made in figure 4 shows that the viability of the seedlings decreases as the mother plants diameter
increases.
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Figure 4: Viability of P. elata seedlings according to diameter classes of mother plants, 1 = [40-50cm[;... 6 = [90-

100cm][

4. Discussion

Plant regeneration is one of the problems in the
ecological field in recent decades. The main
regeneration stages of seed plants involve seed
production, dispersal, and seedling establishment
(Nathan and Mauller-Landau 2000). Seed quality and
quantity are affected by maternal identity (Cendéan et
al. 2013; Fabido et al. 2014; Stancic et al. 2014), such
as maternal age (Muller et al. 2014) and maternal
environment (Ganatsas et al. 2008), which will
influence the natural regeneration processes. The
number of seeds is estimated at 4400 seeds per kg for
seeds from seedlings belonging to the lower diameter
classes [40-50cm[, [50-60cm[, [60-70cm[ . On the
other hand, seedlings belonging to the upper diameter
classes ([70-80 cm[, [80-90cm[, [90-100cm[)
obtained about 3500 seeds per kg. Seed weight was
related to tree age in Pericopsis elata. In fact, Rowe
(1964) suggests that parental plants and the seed they
produce are greatly affected by local edaphic and
climatic factors, and this leads to a "preconditioning"
of the seed that affects germination behavior and
subsequent development. Mother tree age has
significant effect on seed production. With the
increase of age, Cistus albidus showed the highest
fecundity at the middle age (Muller et al. 2014).
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Seed germination is vital for the establishment of
plant individual, especially in unfavorable
environments (Cendan et al. 2013). The highest
germination rate was obtained with the middle age of
mother trees [70-80 cm[ with 42% and is
significantly higher than the values obtained in the
minimum age of mother tree [50-60cm[ and [40-
50cm[ and comparable with the maximum age of
mother tree [80-90cm[ and [90-100cm]. In fact, some
tree species exhibited the highest seed germination
rate in the middle age, such as Sorbus torminalis
(Espahbodi et al. 2007) and Pinus echinata (Grayson
et al. 2002).

Relationship between mother plants diameter classes
and germination rate reveals that the percentage of
germination depends on the diameter of the seed
trees. This result confirm that of Andrianoelina
(2009) who found that in Dalbergia monticola
(Fabaceae) young mother trees have the best
germination rate compared to old mother trees. Seeds
of P. elata germinated between 09 and 10 days after
sowing, confirming the results of Tchatat (2009)
which showed in the southern Cameroon region that
seed germination of P. elata occurs at 8 to 10 days
after sowing.

Age of mother tree did not show significant
differences in the early seedling growth. Seedlings
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from the minimum and maximum age of mother tree
had higher collar diameter, root length and lower
viability rate than from the middle age of mother
trees [70-80cm[. Moreover, the middle age mother
tree also had higher relative height growth rate. This
result is in accordance with those of Mao et al.
(2014). The highest viability rate 98% obtained by
the seedlings belonging to the diameter class [70-80
cm[ shows generally that the seedlings produced
from P. elata seeds normally develop in nurseries.
These results are in agreement with those of Onana
(2013) who revealed in the eastern and southern
regions of Cameroon that the reeducation of the P.
elata in the nursery gives very good results at the end
of 120 days.

CONCLUSION

In this paper, we found that age of mother tree had
important role on their offspring' seed germination
and seedling growth. The seeds of P. elata showed
better purity percentages (64.28% and 70%),
respectively, in mother tree diameter classes [40-
50cm[ and [50-60cm[, with about 4450 seeds per kg
for the mother tree belonging to the lowest diameter
classes and 3500 seeds per kg for the mother tree
belonging to the highest diameter classes [70-80cm],
[80-90cm[ and 90-100cm[. P. elata expressed a
germination period of eight to nine days. The best
germination percentage observed in this study was
42%, for the middle mother tree diameter class, ie
[60-70cm[. The percentage of germination shows a
strongly relation with the diameters of mother trees.
At the end of the 120 days of seedling follow-up, the
best viability rate of the seedlings is 98%, resulting
from the seeds belonging to the mother tree class
diameter [70-80cm[. The study of the growth
parameters, in particular the height and the diameter
of the seedlings, reveals that, in a selection
framework of P. elata seedlings, the best seedlings
would be those belonging to the mother tree diameter
class [70-80cm[. It seems that, in various plant
species, seeds with different germinability develop on
the same mother plant and on plants of the same
species growing in different environments; maternal
position and environmental factors cause these
differences by their influence on plant development
and seed maturation. However, in cases where seeds
are collected from plants grown under natural
conditions, it is difficult to distinguish between true
age effects and the effect of the changed seasonal
environment under which the later seeds develop.
Moreover, we should also consider maternal effects
and physical environments and their interaction in
order to elucidate natural regeneration mechanism of
the P. elata.

http://www.ijSciences.com

Volume 6 — April 2017 (04)

Acknowledgements

We thank all the villagers who collaborated with us
in this study. The study was supported by the Join
International  Timber  Organisation (ITTO) -
Convention on International Trade in Endangered
Species of Fauna and Flora (CITES) Program for
Implementing CITES Listings of Tropical Tree
Species, executed in Cameroon by the National
Forestry Development Agency (ANAFOR).

References

I Afouba N.A.M., Noah J. G., Kengne T.J. F., Enama
G.B., Maa ngue Y. Adama M., Mfondo AM,
Nkouleziem A., Nguibourg R.K. and V. Laoudji. 2011.
Plan Communal de Développement de Messok, 125p

1. Alvarez R., Valbuena L. and L. Calvo. 2005. Influence
of tree age on seed germination response to
environmental factors and inhibitory substances in
Pinus pinaster. International Journal of Wildland Fire
14(3):277-284.

1. Andriancelina A. O. 2009. Diversité génétique,
physiologie de reproduction et étude d’impact de la
fragmentation sur Dalbergia monticola de la forét
orientale de Madagascar. Thése de doctorat, Université
d’ Antananarivo. 129p.

V. Anglaaere L.C.N. 2008. Pericopsis elata (Harms) Van
Meeuwen In Louppe D., Oteng- Amoako A.A., Brink
M. (Editeurs), 2008. Ressources végétales de 1’ Afrique
tropicale  7(1). Bois d’ceuvre 1. Fondation
PROTA/Backuys Publishers/CTA, Wageningen, Pays-
Bas, 478-482.

V. Betti J. L. 2007. Exploitation and exportation of
Pericopsis elata (Fabaceae) in Cameroon. June 2007,
The Hague, Netherlands ITTO side event at the 14th
meeting of the CITES.

VI. Bourland N., Kouadio Y.L., Colinet G. and J.-L.
Doucet. 2010. Pericopsis elata (Harms) Meeuwen in
the southeastern part of Cameroon: ecological and
pedological approaches to improve the management of
an endangered commercial timber species. Int. For.
Rev. 12(5) : 111.

VII. Bourland N., Kouadio Y. L., Fétéké F., Lejeune P. and
J.-L. Doucet. 2012. Ecology and management of
Pericopsis elata (Harms) Meeuwen (Fabaceae)
populations: a review. Biotechnol. Agron. Soc. Environ.
16(4) : 486-498.

VIII. Boyemba F. 2011. Ecologie de Pericopsis elata (Harm)
Van Meeuwen (Fabaceae), arbre de forét tropicale
africaine a répartition agrégée. These de doctorat,
Université Libre de Bruxelles, 206 p.

IX. Cendan C., Sampedro L. and R. Zas. 2013. The
maternal environment determines the timing of
germination in Pinus pinaster. Environmental and
Experimental Botany 94:66—72.

X. Dickson B., Mathew P., Mickleburgh S., Oldfield S.,
Pouakouyou D. and J. Suter. 2005. An assessment of
the conservation status, management and regulation of
the trade in Pericopsis elata. Fauna et Flora
International, Cambridge, UK.

XI. Espahbodi K., Hosseini S.M., Mirzaie-Nodoushan H.,
Tabar M., Akbarinia M. and Y. Dehghan-Shooraki.
2007. Tree age effects on seed germination in Sorbus
torminalis. General and Applied Plant Physiology
33:107-119.

XIl. Fabido A., Faria C., Almeida M.H. and A. Fabido.
2014. Influence of mother plant and scarification agents
on seed germination rate and vigor in Retama



http://www.ijsciences.com/

Germination and Viability of Pericopsis elata (Harms) V. Meeuwen (Fabaceae) Seedlings Issues of Different
Mother Tree Diameters in Forests Production (East - Cameroon)

XII.

XIV.

XV.

XVI.

XVII.

XVII.

XIX.

XX.

XXI.
XXII.

http://www.ijSciences.com

sphaerocarpa L. (Boissier). IForest-Biogeosciences and
Forestry 7: 306-312.

Food and Agricultural Organisation. 1980. Récolte,
manipulation, conservation et prétraitement des
semences de Prosopis en Amérique latine.

Ganatsas P., Tsakaldimi M. and C. Thanos. 2008. Seed
and cone diversity and seed germination of Pinus pinea
in Strofylia Site of the Natura 2000 Network.
Biodiversity and Conservation 17(10): 2427-2439.
Grayson K.J., Wittwer R.F. and M.G. Shelton. 2002.
General Technical Reports. SRS-48. Asheville, NC,
USA: Department of Agriculture, Forest Service,
Southern Research Station; Cone characteristics and
seed quality 10 years after an uneven-aged regeneration
cut in shortleaf pine stands.

Grey D. and T.H. Thomas. 1982. Seed germination and
seedling emergence as influenced by the position of
development of the seed on, and chemical applications
to, the parent plant. In: Khan, A.A. (ed.) The
Physiology and Biochemistry of Seed Development,
Dormancy and Germination. Elsevier, New York, pp.
81-110.

Gutterman Y. 1978. Germinability of seeds as a
function of the maternal environments. Acta
Horticulturae 83: 49-55.

Gutterman Y. 1994. Long-term seed position influences
on seed germinability of the desert annual,
Mesembryanthemum nodiflorum L. Israel Journal of
Plant Sciences 42: 197-205.

Gutterman Y. 1996. Environmental influences during
seed maturation, and storage affecting germinability in
Spergularia diandra genotypes inhabiting the Negev
Desert, Israel. Journal of Arid Environments 34: 313-
323.

Kigel J., Gibly A. and M. Negbi. 1979. Seed
germination in Amaranthus retroflexus L. as affected by
the photoperiod and age during flower induction of the
parent plants. Journal of Experimental Botany 30: 997-
1002.

Letouzey. 1968. Flore du Cameroun, 45p

Mao P., Han G., Wang G., Yu J., and H. Shao. 2014.
Effects of Age and Stand Density of Mother Trees on
Early Pinus thunbergii Seedling Establishment in the
Coastal Zone, China. The Scientific World Journal
2014 : 9 pages http://dx.doi.org/10.1155/2014/468036

XXIIL.

XXIV.

XXV.

XXVI.

XXVII.

XXVIII.

XXIX.

XXX.

XXXI.

XXXIL.

XXXIII.

Volume 6 — April 2017 (04)

Muller M., Siles L., Cela J. and S. Munné-Bosch. 2014.
Perennially young: seed production and quality in
controlled and natural populations of Cistus albidus
reveal compensatory mechanisms that prevent
senescence in terms of seed yield and viability. Journal
of Experimental Botany 65:287-297.

Nathan R. and H.C. Muller-Landau. 2000. Spatial
patterns of seed dispersal, their determinants and
consequences for recruitment. Trends in Ecology and
Evolution 15(7):278-285.

Onana M.H. 2013. Sylviculture et régénération
naturelle de Pericopsis elata en plantation : cas des
régions de ’Est et du Sud Cameroun. Mémoire de fin
d’étude. FASA/UDS, 88p

Plan d’aménagement des UFA de la société PALLISCO
et  partenaires  (2015). Résumé des plans
d’aménagement et des directives FSC pour les UFA 10-
030, 10-031, 10- 039, 10-041, 10-042 et 10-044
exploitées par la société PALLISCO et ses partenaire.
Résumé v02. 39p.

Pieters A. 1994. Natural regeneration in the equatorial
forest of the Yangambi Region, applied to Afrormosia
elata Harms. Leuven, Belgium. 37p.

Rowe J. S. 1964. Environmental preconditioning, with
special reference to forestry. Ecology 45:399-403.

Scott S.J., Jones R.A. and W.A. Williams. 1984.
Review of data analysis methods for seed germination.
Crop science 24(6): 1192-1199.

Stancic |., Zivic J., Petrovic S. and D. Knezevic 2014.
Impact of genes and proportional contribution of
parental genotypes to inheritance of root yield and
sugar content in diploid hybrids of sugar beet. The
Scientific World Journal 2014:5 pages.

Tchatat M. 2009. Plan de gestion des plantations
forestieres de P. elata de Bidou (Kribi) au Cameroun.
48p.

Viglas J.N., Brown C.D. and J.F. Johnstone. 2013. Age
and size effects on seed productivity of northern black
spruce. Canadian Journal of Forest Research 43:534-
543.

Yakovlev I., Fossdal C.G., Skrgppa T., Olsen J.E.,
Jahren AH. and @.Johnsen. 2012 An adaptive
epigenetic memory in conifers with important
implications for seed production. Seed Science
Research 22:63-76.



http://www.ijsciences.com/

