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ABSTRACT

Seed invigoration treatment, fruit maturity and storage period effects on seed germination and seedling
vigour attributes of gmelina (Gmelina arborea L.) were investigated. The five fruit colour index of
maturity (green, yellow, yellow brown, black and brown), five seed invigoration treatments (three
organic materials (crude plant powders of scent (Ocimum.gratissium) leaves, red chili (Capsicum
frutescens) fruits and black pepper (Piper.guineense) fruits and one inorganic chemical (apron plus-
trade name) powder, a synthetic formulation) and control. Seed lots were treated with seed treatments
recommended doses, packaged inside polyethylene bags and then stored under natural (ambient)
conditions (temp 29°C, Rh. 75 %) for 180 days (6 months). Seed lots at 60 days interval were assessed
for seed germination and seedling vigour attributes. Data collected were analysed using ANOVA and
treatment means were statistically seperated. Seeds derived from yellow brown and brown fruits were
superior in storage for germination, seedling vigour and characteristics. Treatments with powders of
scent leaf, red chilli fruits and black pepper fruits resulted in superior seed germination and seedling
vigour attributes over control and apron plus treatments, irrespective of fruit maturity colour and
storage periods. The superiority gain in germination, seedling vigour, seedling shoot length and number
of leaves of seeds from yellow brown and brown fruits across storage was 42, 82, 89 and 82 %,
respectively over seeds from black fruits. Seeds of yellow brown and brown fruits dressed with any of
the three organic materials at 10 g/100 g seed and stored for 60 to 120 days showed superiority in
germinative performance with robust seedling vigour attributes and is thereby advocated. Apron plus
proved deleterious as a seed invigoration material. Use of these three organic crude plant materials as a
pre-storage treatments in gmelina seeds hold promise and is recommended as a short-term storage
strategy.
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INTRODUCTION

Gmelina arborea is the most important species for timber production and several hectares have been
planted in different ecological zones (Moya, 2004). Gmelina arborea is a deciduous tree, 12-30 m high
and 60-100 cm in diameter which is native to tropical moist forest from India, Burma and Sri Lanka to
Southern China, Gmelina arborea is widely distributed in Brazil, Gambia, Honduras, Ivory Coast,
Malaysia, Malawi, Nigeria, Panama, Philippines and Sierra Leone. However, Gmelina was originally
established in Nigeria for supply of pulp wood to the country’s pulp and paper mills (Akachukwu
(1993). These pulp and paper industries in Nigeria have all closed down and the species is now used as
building material. These plantations are now ready sources of raw logs for conversion into saw woods
of uniform grades and sizes (Adetogun and Omole, 2007). According to Duke (1983) the wood is one
of the best timber of the tropics, useful for particle board, plywood, corestock, pit probs, matches and
saw timber for light construction, furniture, general carpentry and packaging.
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Longevity of seeds in storage is a good indicator of seed quality and vigour in many crops species
(Ellis and Robert, 1980). Seeds are stored for few days, weeks, months or years during which they
deteriorate, moving inexorably towards death (Grey et al., 1994). Seed deterioration during storage is a
complex physiological and biochemical process leading to loss of viability. Seed storage at ambient
condition is a problem particularly due to the high temperature and high humidity in tropical regions.
The rate of deterioration of seed depends on storage conditions such as temperature (Walters et al.,
2005). Therefore, to maintain seed physiological quality, seed must be stored between harvest period
and sowing of the succeeding crop in order to minimize the rate of deterioration. Duffus and Slaughter
(1980) also described seed storage as a method after maturation and harvest in which seeds have to be
stored until required for use and still be able to germinate to nearly 100% and produce vigorous
seedling on the field. Studies have shown that seed quality can be largely influenced by a wide range of
environmental factors during seed production, harvesting, processing, storage and treatment such as
invigoration priming (Tekrony et al., 1980; Mc Donald, 2002; Adebisi and Ojo, 2001).

Dry seed treatment of freshly harvested seeds with Capcicum frutescens powder (red chili pepper
fruits), Ocimum gratissium powder (scent leaf) and Piper guineese powder (black pepper fruits)
significantly slowed down seed deterioration over untreated control in crop species (Pal and Basu,
1993; 1994 in wheat; Esuruoso, 2010 in kenaf; Oni, 2012 in sesame and Adebisi, 2013 in okra).
Adebisi et al. (2003); Adebisi et al .(2007) and Adebisi (2013) have reported the effectiveness of apron
plus seed treatment chemical on the maintenance of seed germination and seedling vigour in soybean
and okra, respectively. From the various studies so far, it is noteworthy that treatment of seeds with
organic and inorganic invigoration treatments increase the germinative ability of seeds in storage to
greater extent as certain attributes of seed quality are maintained over the period of time.

Different fruit colours in Gmelina arborea have been identified and reported by Adebisi et al., (2011).
These are yellow, brown, dark brown and green colour. The variation in the fruit colour is an indicator
of maturity level of the fruit and they have been reported to influence seed quality of Gmelina arborea.
A report by Adeb isi et al. (2011) on fruit colour and germinative performance of Gmelina arborea
revealed that of the four fruits colour examined, seeds obtained from yellow brown fruits gave
consistent superior germinative performance traits, closely followed by seeds from yellow fruits at each
soaking hours and control treatment and seeds of dark brown fruits had a consistent poor germinative
performance traits. The inability of Gmelina arborea seeds to germinate might be owing to over
ripeness or over fermentation of the pulpy part of the fruit which causes the death of the embryo.

Despite the enormous benefits of the tree-plant, unexpected low germination rate had been recorded in
Gmelina arborea (Adebisi et al, 2011). Okoro (1983) and Hartman and Koster (1975) have suggested
the possibility of the presence of inhibitory substances in the fleshy pericarp of Gmelina arborea. Fruit
colour, size, fermentation, depulping and the time of collection were found to affect germination of
Gmelina arborea seeds (Woessner, 1979, Okoro, 1983, Adebisi et al., 2011). Seed quality
encompassed all the attributes which contributes to seed performance including genetic purity, physical
purity, germination and vigour).

However, improved seed invigoration treatment are known to reduce emergence time, accomplish
uniform emergence and give a better crop stand in many horticultural and field crops. These include
treatment with dry and wet organic and inorganic materials. Although, seed invigoration treatments
have been found effective for better seed germination and seedling establishment in field crops under
controlled conditions, however, no comprehensive study and information have yet been recorded and
done to evaluate the response to a wide range of seed invigoration treatments to enhance emergence
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and growth of Gmelina arborea seed from different fruits maturity levels. If positive findings are
established in this work, it will help to provide a simple, cost effective and affordable management
strategy in the maintenance of germplasm of Gmelina arborea seeds. This research work investigated
the most promising seed invigoration treatments for maintenance of seed germination and seedling
vigour attributes of stored Gmelina arborea seeds from different fruit maturity levels under ambient
tropical conditions.

MATERIALS AND METHODS

Collection of seed materials: Fruits of Gmelina arborea were collected from the Forest Reserve.
Federal University of Agriculture, Abeokuta, Ogun State, Nigeria, between July and August. 2011.
Seed preparation: Depulping was carried out to remove the seeds from the fruits immediately after
collection, after which the fleshy cover was rubbed off using sand and water to remove the pulp from
the stones. The stones were then dried under ambient temperature for six weeks to averagely 11.2 %
moisture content.

Fruit maturity selection: Based on the physical appearance of the matured fruits of Gmelina arborea
and using colour as an index of level of maturation and ripeness as reported by Adebisi et al. (2011),
five categories of fruits (green, yellow, yellow brown, dark-black and brown fruits) of the species were
collected from fruiting trees.

Seed invigoration treatment: Five dry seed invigoration treatments consisting of three organic crude
plant materials (Piper guineese powder (black pepper fruits), Ocimum gratissium powder (Scent
leaaves), Capcicum frutescens powder (red chili pepper friuts) and one inorganic pharmaceutical
chemical formulation (Apron plus-"2% "™) and control (no treatment) were investigated in the study.
Organic treatments recommendation used was 10 g/100 g seed and inorganic treatment
recommendation was 5 g/100 g seed. These treatments were selected based on previous works which
proved their effectiveness in maintaining seed quality during storage in different crop species and also
it is economical to and affordable by the poor resource seedling growers.

Experimental design: The experiment was a factorial in a completely randomized design with three
replications. There were 300 experimental units which consisted of fruit maturity colours (5), dry
invigoration treatments (5) and storage time (4) which was replicated three times.

Seed storage: Each treated seed lot was packaged and stored in polythene bags (11 mm guage) and
sealed electrically and then put in storage under natural (ambient) conditions in the laboratory. The
seed quality traits were monitored at 60 days interval for a period of 180 days (6 months). The mean
temperature and relative humidity of the storage environment was monitored using hygrometer
(average temp 29° C, relative humidity 75 %).

Seed quality assessment: Seed samples were taken from each treated seed lot and tested for the
following seed quality attributes at interval of 0, 60, 120 and 180 days

Seed germination: This was achieved by counting 50 seeds randomly from each replicate in each
treatment unit and were sown 5 cm deep in polythene bags (dimension 30 cm x 30 cm each) filled with
sterilized soil with 1cm spacing between the seeds. The polythene bags were arranged in a completely
randomized design in the screen house and germination count of normal (healthy or strong) seedlings
was monitored. Observations on germination were made in the sown seeds every 3 days up till 30 days.
The percentage seed germination was determined (ISTA, 1995),

Seedling shoot height: The seedling shoot heights of 20 randomly selected normal seedlings were
measured from each treatments unit at 30 days after sowing in each replicate (AOSA, 1983).

Seedling vigour index (SVI): The vigour level of each treated seed lot was calculated according to
Kim et al., (1994) as percentage normal emergence multiplied by seedling shoot height and divided by
100 (Adebisi, 2004).
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Number of leaves per seedling: Total number of leaves on 20 randomly sampled seedlings were
recorded and averaged.

Data analysis:

All data collected on the four seed quality attributes were subjected to analysis of variance (ANOVA)
according to completely randomized block design. The combined ANOVA was done among fruit
maturity colour levels, seed invigoration treatments and storage periods as published by Gomez and
Gomez (1984). Means of fruit maturity colour levels, seed invigoration treatments and storage periods
were compared using Tukey”s HSD test at 5% probability level using SPSS (statistical package for
social science) programme window.

RESULTS AND DISCUSSION

Table 1 shows the summary of ANOVA for effect of seed treatment, storage period and fruit colour
level on seed quality attributes of Gmelina arborea. From this result, treatment, storage period and fruit
colour effects as well as interaction effect of storage time x fruit colour were highly significant (P
=0.01) on the four seed quality traits while treatment x fruit colour interaction effect was highly
significant (P < 0.01) on seed germination but had significant (P < 0.01) effect on seedling vigour
index. Also the interaction of treatment x storage period was highly significant (P < 0.01) on seed
germination whereas the three-way interaction effect was highly significant (P < 0.01) on seed
germination only.
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Table 1: ANOVA for the effect of seed invigoration treatment, storage period and fruit colour on seed quality attributes of Gmelina

arborea.
Source of variation DF  Seed Seedling shoot height (cm) per Seedling Number
germination% seedling vigour  of
Index leaves per
seedling

Replicate 2 64.00 ns 12. 56 ns 0.25ns 17.76 ns
Treatment 4 21479.00 ** 13.49 ns 6.49 * 16.73 ns
Storage period 3 93461.11 ** 113.19 ** 42.89 ** 131.14 **
Fruit colour 4 20442.10** 174.64 ** 40.63 **  201.58 **
Storage timexfruit colour 12 2478.81** 23.97 ** 8.79**  31.74 **
Treatmentx fruit colour 16 1349.08** 9.48 ns 4.26 * 7.53ns
Treatmentxstorage period 12 977.22 ** 2.06 ns 2.05 ns 2.59 ns
Treatmentxstorage periodxfruit colour 48 856.53** 7.53 ns 2.14ns  6.64ns
Error 199 1752 7.35 2.24 7.34

*Significant at 5 % probability level, **Significant at 1 % probability level, ns not significant.
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The differential responses observed in the four seed quality parameters investigated among seed
invigoration treatments and storage time examined implies that the quality of seeds from fruits
harvested at different levels of maturity was influenced by seed invigoration treatments and storage
period. Adebisi et al. (2013) and Adebisi et al. (2011) reported that seed quality attributes of gmelina
seeds were influenced by priming solution or media and fruit maturity level, respectively. This,
therefore, suggests that various opportunities are available for the improvement of seed physiological
potential of gmelina seeds derived from different fruit maturity colour levels.

In Figure 1, seed germination varied among some fruit colour levels of gmelina. Seeds from yellow
brown and brown fruits showed significant highest values of 72 % each whereas seeds from black
fruits had lowest value of 42 %. Highest seedling shoot height was recorded in seeds obtained from
yellow brown and brown fruits with values of 5.03 and 4.85 c¢m, respectively but seeds from black
fruits had lowest value of 0.89 cm. On seedling vigour index, seeds from yellow brown and brown
fruits showed highest values of 3.62 and 3. 49 followed by seeds from yellow fruits while seeds from
back fruits gave lowest value of 0.37. Number of leaves per seedling was highest with seeds from
yellow brown and brown fruits with values of 5.12 each, followed by seeds from yellow fruits while
seeds of black fruits showed lowest value of 0.92. Seeds obtained from yellow brown and brown fruits
were 7 % superior in seed germination over green and yellow fruits but the superiority was more
pronounced with 42 % over black fruits. For seedling vigour, seedling shoot length and number of
leaves, the superiority of seeds from yellow brown and brown fruits was 82, 89 and 82 %, respectively
over black fruits.
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Fig. 1: Influence of fruit colour levels on seed quality of gmelina seed across seed invigoration
treatments and storage time. Bars followed with same letters along the same column are not
significantly different at 5% probability level.
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From the data in Table 2, seeds dressed with powders of red chili fruits and black pepper fruits,
followed by scent leaves powder recorded highest seed germination of 69 % above control treatment
while apron plus treatment gave the least germination (59 %). Seeds dressed with powders of the three
organic crude plant materials showed statistically similar and highest seedling shoot heights of between
4.18 and 4.28 cm above control treatment but apron plus treatment gave lowest value of 3.46 cm. Seed
vigour index values of the three organic treated seeds were highest over control and apron plus
treatments with values ranging from 2.80 to 2.82 units but apron plus treatment showed lowest value of
2.21 unit. Conversely, values from number of leaves per seedling were statistically similar among the
five treatments with values ranging from 3.23 to 4.48. The superiority gain in seed germination in seed
dressed with scent leaf, black pepper fruits and red chili fruits was between 7 and 14 % over apron plus
and control treated seeds, whereas with seedling vigour index, it was between 12 and 29 % over apron
plus and control treatments.

Table 2: Influence of seed invigoration treatments on seed quality attributes of gmelina seeds
across fruit colour levels and storage time

Seed invigoration Seedling Seedling shoot Seedling vigour Number of
treatment emergence height index leaves
Scent leaf 67ab 4.18a 2.80a 4.48a
Red chilli fruit 69a 4.28a 2.81a 4.333
Black pepper 69a 4.10a 2.82a 4.23a
Apron plus 59c 3.76b 2.21b 3.33a
Control 64b 4.29a 2.46¢ 4.25a

Means followed by the same letters along the same column are not significantly different at 5%
probability level.

Data in Figure 2 show that seed germination was highest at 0 day of storage with 76 % and thereafter
significantly declined to 70 % at 60 days of storage and further reduced to 61 % after 120 days of
storage but at 180 days of storage, seed germination had declined to 44 %. For seedling shoot height,
highest values of 5.07and 4.51cm were obtained at 0 and 60 days of storage and thereafter declined to
2.48 cm at the end of storage (180 days). Highest seedling vigour index values of 3.85 was obtained at
0 day of storage and significantly declined to 3.16 at 60 days of storage and further declined to 1.09 at
180 days of storage. Maximum number of leaves was recorded at 0 and 60 days of storage with values
of 3.58 and 4.53, respectively and significantly declined to 2.63 at the end of storage 180 days.
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Fig. 2: Changes in seed germination and seedling vigour attributess of gmelina seeds
during storage under ambient conditions across seed invigoration treatment and fruit
colour levels. Bars with same letters are not significantly different at 5% probability
level

In Table 3, at 0 day of storage, seeds from the five fruit colours except seeds of black fruits
dressed with any of the five seed invigoration materials had statistically similar and higher
germination of 80- 81 %. After 60 days of storage, seeds from green, yellow and brown fruits
dressed with scent leaf powder, seeds from yellow and yellow brown dressed with red chilli
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fruit powder and seeds from yellow brown and brown fruits treated with black pepper as well
as control treated seeds showed highest seed germination of between 79-80 % over black
fruits (60 %). Furthermore, after 120 days of storage, there was a general reduction in seed
germination, irrespective of treatment materials. Seeds obtained from yellow brown and
brown fruits dressed with powders of red chili fruits and black pepper recorded statistically
highest seed germination of between 74 and 74 % over other treatments including control.
Conversely, seeds obtained from any of the fruit colours and dressed with apron plus powder
showed statistically lowest seed germination of between 46 and 46 %.

Table 3: Influence of fruit colour level, storage period and seed invigoration treatments
on seed germination of gmelina seeds

Fruit colour Seed Storage period (days)

treatment(powder)
0
Green Scent leaf 80a 60 120 180
Yellow Scent leaf 81a 80a 70bc 60b
Yellow brown Scent leaf 80a 78ab 68c 56¢
Black Scent leaf 61b 75b 71bc 68a
Brown Scent leaf 80a 43f 40g 37e
Green Red chilli 80a 80a 73b 69a
Yellow Red chilli 81la 78ab 70bc 62b
Yellow brown Red chilli 82a 80a 60d 54c
Black Red chilli 60b 80a 76a 70a
Brown Red chilli 80a 60c 52e 40e
Green Black pepper 80a 76b 74a 68a
Yellow Black pepper 80a 72b 60d 58a
Yellow brown Black pepper 80a 74b 67c 60c
Black Black pepper 62b 80a 74a 68a
Brown Black pepper 80a 57d 50f 4dd
Green Apron plus 80a 80a 76a 68a
Yellow Apron plus 81a 60c 55de 46d
Yellow brown Apron plus 63b 59d 52e 44de
Black Apron plus 60b 64c 57d 50c
Brown Apron plus 81a 51e 46f 35e
Green Control 80a 68c 60d 53c
Yellow Control 80a 80a 60d 57c
Yellow brown Control 80a 78a 52d 50c
Black Control 60b 80a 65¢c 56bc
Brown Control 80a 60d 40g 20f

Means followed by the same letters along the same column are not significantly different at 5%
probability level.

At the end of storage (180 days), seeds from yellow brown and brown fruits dressed with
crude powders of scent leaves, red chili fruits and black pepper fruits recorded significant
highest seed germination of between 68 and 70 % above other treatment combinations
including control, closely followed by seeds from yellow fruits while seeds from black fruit
showed lowest germination, irrespective of seed treatment materials. Apron plus, an
inorganic chemical, had deleterious effect on storability of gmelina seeds. On the contrary,
use of apron plus had been found promising in enhancing germination during storage in some
crop varieties (Adebisi et al., 2003 in soybean and Adebisi, 2013 in okra).whereas
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deleterious effect of apron plus (an inorganic chemical) on storage life of sesame seed was
documented by Oni (2012). It is, therefore, necessary to pay close attention to seeds from
different fruit maturity levels during storage after seed invigoration treatment.

The influence of storage period and seed invigoration treatment on seedling vigour index of
gmelina seeds across fruit colour level is shown in Table 4. The data reveal that significant
differences occurred among the treatments and storage period for seedling vigour index and
declined with advance in storage period. Seed dressed with crude powder of scent leaves
showed significant highest seedling vigour index value (3.30), followed by seeds stored for
60 days (2.73) while lowest seedling vigour level (0.77) was recorded at 180 days of storage.
With red chilli fruit powder treatment, highest seedling vigour index was obtained at 0 day
(2.21) and then declined slightly and non significantly with length of storage up till the end of
storage (180 days). Black pepper fruit powder treatment resulted in highest seeding vigour
level (2.00-2.31) of gmelina seeds at 0 and 60 days of storage and then declined significantly
to less than 1.0 at 120 and 180 days of storage. With apron plus treatment, highest seedling
vigour index of 2.47 occurred at 0 day of storage and thereafter declined slightly with
increase in storage period. For control treatment, highest seedling vigour of 1.91 to 2.34 was
maintained up to 60 days of storage (2.34) and thereafter declined significantly to 1.40 and
1.32 at 120 and 180 days of storage, respectively.

Table 4: Influence of storage period and seed invigoration treatments on seedling vigour
index of gmelina seeds across fruit colours

Storage Scent leaf Red chilli fruit  Black pepper Apron plus  Control
time powder powder fruit powder  powder treatment
0 day 3.30a 2.21a 2.39% 2.47a 191a
60days 2.73b 1.04b 2.00a 1.75b 2.34a
120days 1.22c 0.64b 0.93b 1.00b 1.40b
180days 0.77d 0.56b 0.86b 0.84b 1.32b

Means followed by the same letters along the same column are not significantly different at
5% probability level.

From the data in Table 5, significant differences existed for seedling shoot height of gmelina
seeds among some fruit colour levels at each storage period. Seed obtained from yellow,
yellow brown and brown fruits had highest seedling shoot height at 0 day of storage while
seeds from black fruits had the least seedling shoot height (0.57cm).

Table 5: Influence of storage period and fruit colour level on seedling shoot height of
gmelina seeds across seed invigoration treatments

Fruit colour 0 day 60 days 120 days 180 days
Green 5.03° 4.50° 2.28° 2.28°
Yellow 6.68° 6.22° 2.57° 2.61°
Yellow brown 6.772 4.60° 4.35% 4.39%
Black 0.37° 0.57° 2.64" 0.03°
Brown 6.51° 6.67° 3.11%° 3.11%°

Means followed by the same alphabet along the column are not significantly different at 5%
probability level.

At 60 days of storage, seeds from brown and yellow fruits had highest seedling shoot heights
of 6.67 and 6.22 cm, respectively while seeds from black fruits showed the least seedling
shoot height (0.57cm). However, after 120 days of storage, seeds from dark brown fruits gave
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the highest seedling height (4.35 cm), though were not significantly different from value of
3.11 cm obtained in seeds from brown fruits whereas seeds from other fruits recorded the
least seedling shoot height values between 2.28 and 2.64 cm.. Also at the end of storage (180
days), seeds from dark brown had the highest seedling shoot height (4.39 cm) which were not
significantly different from value of 3.11cm obtained in seeds from brown fruits while seeds
from black fruit showed the least seedling shoot height (0.03 cm).

Data on influence of storage period and fruit clour levels on number of leaves of gmelina
seedlings across seed invigoration treatment (Table 6) reveal that significant differences
existed for number of leaves of gmelina seedlings among some fruit colours at each storage
period. At O day of storage, seeds from all the fruit colours except black fruits had similar and
higher number of leaves per seedling but seedlings from black fruit had the least number of
leaves (0.40). With increase in storage period to 60 days, seeds from yellow and brown fruits
were found with highest number of leaves of 6.80 and 6.60, respectively while seeds from
black fruits had the least number of leaves (0.53). After 120 days of storage, seeds obtained
from yellow brown fruits recorded highest number of leaves (5.13) while seeds from other
four fruit colours showed statistically similar and lower number of leaves. Furthermore, at the
end of storage (180 days), seeds obtained from yellow brown fruits showed highest number
of leaves per seedling (5.13) followed by seeds from green, yellow and brown fruits while
seeds from black fruits had the least number of leaves (0.03).

Table 6: Influence of storage period and fruit colour level on number of leaves per
seedling of gmelina seeds across seed invigoration treatments

Fruit colour 0 day 60 days 120 days 180 days
Green 6.20a 4.40b 2.13b 2.00c
Yellow 7.47a 6.80a 2.93b 2.53b
Yellow brown 6.67a 4.33b 5.13a 5.13a
Black 0.40b 0.53c 2.73b 0.03d
Brown 7.20b 6.60a 3.33b 3.33b

Means followed by the same alphabet along the column are not significantly different at 5%
probability level.

Table 7 shows the influence of seed invigoration treatment and fruit colour level on seedling
vigour index of gmelina seeds.

Table 7: Influence of seed invigoration treatment and fruit colour level on seedling
vigour index of gmelina seeds across storage periods

Seed Treatment powder Green Yellow Yellow brown Black Brown
Scent leaf 2.55a 3.20a 3.70a 0.40a 3.66a
Red chilli fruit 2.55a 3.10a 3.85a 0.47a 3.61a
Piper.fruit 2.36a 3.17a 3.64a 0.49a 3.68a
Apron plus 2.00b 2.65b 3.14c 0.42a 3.00c
Control 2.38a 2.93b 3.31b 0.40a 3.30b

Means followed by the same alphabet along the column are not significantly different at 5%
probability level

The data reveal that significant differences occurred among the treatments under each fruit
maturity colours. Seeds obtained from green fruits treated with powders of scent leaves, red
chili fruit, and black pepper fruits and control treatment had statistically similar seedling
vigour level of between 2.38 and 2.55 above apron plus treatment (2.00). Seeds from yellow
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fruits dressed with three organic crude plant materials (scent leaves, red chili fruit, and black
pepper) recorded statistically similar and highest seedling vigour of between 3.10 and 3.20
above apron plus and control treatments. Similarly, seeds of yellow brown fruits dressed with
three organic crude plant materials showed statistically similar and highest seedling vigour
ranging from 3.14 and 3.70 above control and apron plus treatments but control treated seeds
recorded significant higher value (3.31) above apron plus treatment (3.04). For seeds from
black fruits, all the four treatments as well as control showed statistically similar values,
though the values were less than 1.00 unit. Furthermore, seeds obtained from brown fruits
dressed with powders of scent leaves, red chili fruit, and black pepper fruits recorded
statistically similar and highest seedling vigour of between 3.61 and 3.68 units above apron
plus and control treatments but control treatment had higher vigour (3.30) over apron plus
treated seeds with value of 3.00.

The performance of seedling vigour after seed treatment during storage showed that seeds
dressed with either organic and inorganic materials, in most cases, had robust vigour within
(120 days i.e. 4 months of storage. The performance of seedling shoot height among fruit
colours in storage indicated that seeds obtained from yellow brown and brown followed by
yellow fruits were implicated with superior seedling height at the end of 180 days (6 months)
of storage. The result of seedling vigour index of seeds from different fruit colours after seed
invigoration dressing during storage showed that seeds of green, yellow, yellow brown and
brown fruits dressed with the three organic materials (scent leaves, red chili fruits and black
pepper fruits).powders showed superior seedling vigour over apron plus and control. For
number of leaves per seedling among the fruit colours during storage, seeds from yellow
brown fruits followed by seeds from brown and yellow fruits had highest number of leaves
over others at the end of storage (180 days) while seeds from black fruits gave the least.

In this study, there was a gradual decline in the four seed germination and seedling vigour
attributes with increase in storage periods, irrespective of pre-storage seed invigoration
treatments, and was more pronounced after 180 days (6 months) of storage. Maximum seed
germination, seedling vigour and seedling shoot heights and number of leaves were still
maintained at between 60 and 120 days of storage. According to Adebisi (2013), the
progressive decline could be due to increase in the deteriorative processes which were
enhanced by the higher temperature (28°C) and relative humidity (75 %) of the natural
conditions of the storage environment. Higher deterioration of seed quality parameters,
irrespective of seed invigoration treatments, has been reported earlier in different crop species
(Adebisi and Oyekale, 2005, Ajala and Adebisi, 2005, Adebisi et al., 2008, Oni, 2012 and
Adebisi, 2013).

Once seed deterioration has happened, this catabolic process cannot be reversed. It is a
sequence of events beginning with a chain of biochemical events, predominantly membrane
damage and impairment of biosynthetic reactions and then the resulting losses of various seed
performance attribute (Jyoti and Malik, 2013). Viability loss results in irreversible chemical
and structural changes to cellular constituents (Walters et al., 2010). Seed deterioration is the
alterations occurring with time that increase the seed exposure to external challenges and
decrease the ability of the seed to survive. Seed deterioration is a natural process which
involves cytological, physiological, biochemical and physical changes in seeds. Seed
deterioration is associated with various cellular, metabolic and chemical alterations including
lipid peroxidation, membrane disruption, DNA damage, impairment of RNA and protein
synthesis and cause several effects on seed (Jyoti and Malik, 2013). These changes reduce
seed viability, produce weak seedlings and ultimately cause death of the seeds.
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On the mode of action of organic plant materials used as invigoration materials, Basu, (1994);
Mandal et al. (2000); and Mandal et al. (2003) have discussed numerous possibilities. In this
study, the organic materials were chosen based on previous reports (Mandal and Basu 1986;
Mandal et al., 2003; Adebisi, 2008) on their inherent effectiveness in melting down free
radical reactions as antioxidants, antioxidant-synergist and radio protective agents (Slater,
1972, Povard et al.,1994). Capsicin derived from Capsicum frutescens is a known inhibitor of
lipids peroxidation (Mandal et al.,2003). Also linalool is the most important constituent of
Ocimum gratissium and piperaceae, a constituent of Piper guineense might act as inhibitors
of lipid peroxidation, thereby responsible for maintenance of seed longevity in storage.
According to Mandal et al.(2002), the role of natural plant preparation in the control
deterioration could be due to reduced lipid peroxidation because volatile aldehyde
production was lower in seeds treated with such preparation than in the control seed lots.

CONCLUSION

This report confirms the superiority of seeds derived from yellow brown and brown fruits in
terms of seed germinability, seedling vigour and seedling characteristics. Seed invigoration
treatments with powders of scent leaf (O.gratissium), red chilli (C. frutescens) fruits and
black pepper (P. guineense) fruits resulted in superior seed germination and seedling vigour
characters over control and apron plus chemical treatments, irrespective of fruit maturity
colour levels of gmelina seeds during storage. Apron plus chemical, a synthetic (inorganic
material), proved deleterious as a seed invigoration material. The superiority gain in seed
germination, seedling vigour, seedling shoot length and number of leaves of seeds from
yellow brown and brown fruits across storage was 42, 82, 89 and 82 %, respectively over
seeds from black fruits.Storage period of gmelina seeds derived from different fruit maturity
levels and dressed with powders of scent leaf, red chilli fruits and black pepper fruits at the
rate 10 g/100 g seed should not exceed 60 to 120 days under ambient tropical conditions as
maximum seed germination, seedling vigour and seedling shoot heights and number of leaves
were still maintained. Use of these three organic crude plant materials as a pre storage seed
invigoration treatments in gmelina seeds hold promise and is therefore recommended as a
short-term storage strategy. However, the plant materials are readily available, cost effective
and environmentally friendly for a poor-resource seedling growers under tropical conditions.
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