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Abstract
Most indigenous forest tree species are of utmost importance yet they are not largely domesticated for many ecological reasons. Therefore, this study examined the germination and early seedling growth of African star apple (Chrysophyllum albidum) in the soils collected from Ikere and Ado-Ekiti (rain forest), Ayede-Isan and Igede (Savanna) in Ekiti State. C. albidum seeds were extracted from matured fruits, subjected to four treatments control (untreated seeds), hot water scarification and cold water before sowing. Laboratory analysis of some soil properties was done to determine differences among the locations. Seedling growth variables were monitored every fortnight for twelve weeks. Coldwater produced germination that ranged between 11.1-100% followed by scarification with the germination of 33.3-88.9% among the locations. Likewise, the control produced germination of between 11.1-55.6% whereas seeds pretreated with hot water did not germinate. Analysis of variance did not reveal any significant difference for seedling height but the highest mean height value of 8.95cm, followed by 8.77cm and the least of 5.25cm were obtained in Igede-Isan, Ikere and Ado respectively in the locations throughout the assessment period. Also, the highest mean collar diameter value (0.35cm) was obtained in Igede-Isan and the least (0.30cm) in Ado Ekiti. Therefore, scarification and cold water can be used to overcome dormancy in C. albidum seeds. Also, C. albidum can be successfully raised in the two ecological zones of Ekiti State since there were no marked differences among the locations studied.
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Introduction
Many indigenous tropical fruit tree species are of great economic potentials. Sales of some of these edible fruits serve as a means of livelihood for many rural people in Nigeria. Some of these fruit tree species include African pear Dacryodes edulis; Bush mango Irvingia gabonensis; Velvet tamarind Dialium guineense; Yellow mombin Spondias mombin,; Soursop Annona muricate; Breadfruit Artocarpus altilis; African breadfruit Treculia africana and Chrysophyllum albidum (syn. Gambeya albida). C. albidum commonly called African star apple or White star apple is from the family Sapotaceae. It is called different names by the diverse tribes in Nigeria. It is known as “agbalumo” in Yoruba, “udara” in Ibo, Efik, and Ibibio; “ehya” in Igala and “agwaluma” in Hausa (Olayode and Otufale, 2018). It is primarily a forest tree species and its natural occurrence has been reported in diverse ecozones in Nigeria, Uganda, Niger Republic, Cameroon, and Cote d’Ivoire (Bada, 1997). The tree often grows to a height of 36.5m. The African star apple fruit is a large berry containing 4 to 5 flattened seeds or sometimes fewer due to seed abortion (Gbile, 1997). Many people both old and young relish the fruit of C. albidum, therefore they are considered to be of great commercial interest wherever they exist. Likewise, research has buttressed the fact that the economic potentials of C. albidum have improved significantly in recent times (Kazeem-Ibrahim et al., 2013). 
Perhaps the popularity of C. albidum is as a result of the many uses derivable from it. Its fruit is said to be very rich in ascorbic acid (1000 to 3,300mg per 100g of edible fruit) up to about 100 times that of orange and 10 times that of guava or cashew. Likewise, its fruit has been explored for the preparation of wine, spirits, soft drinks, jams, and jellies (Umelo, 1997). Its wood is said to be valued because it is easy to saw and suitable for construction purposes. Also, its seeds are a source of oil that is used for many purposes (Orwa, et al., 2009). Furthermore, the various plant parts of C. albidum such as its leaves, cotyledon in the seed, and roots have been used for diverse purposes many of which are medicinal (Olapade, 1997; Amusa et al., 2003; Okunomo and Egho, 2010). 
C. albidum has been reported to be found in the semi-deciduous lowland rainforests underlain by ferruginous tropical soils of basement complex and also ferrallitic tropical soils of coastal plains sands (Bada, 1997). The medium in which any tree species is growing is very crucial to its survival and ability to attain its maximum potential in terms of development. The roles of soil in the growth and development of plants are diverse; they range from the provision of mechanical support, nutrients, air, water to harbouring many microorganisms some of which are very beneficial to plant growth (Boyle, 2005). An ideal soil is that which has about half of its content being solid while the remaining half is occupied by water and air in equal proportions (Crouse, 2018). However, it is known that this hardly occurs in reality due to the various modifications that might have taken place on such soil consequent upon anthropogenic activities with some aiding plant growth while others are detrimental to it. All seeds require adequate moisture and air in the soil to commence internal processes as well as permit gaseous exchange respectively as conditions necessary for germination to occur. Air, water, and nutrients present in any soil vary from location to location, and even in a particular site, there can be variations based on the slope as well as the physical properties of the soil. Furthermore, soil varies both laterally and vertically. Soil variability can be a result of the interaction among the soil-forming factors which are topography, parent materials, climate, soil physical and chemical processes, biological activities, cropping system and tillage practice. There seems to be limited information on site preferences for C. albidum although Bada (1997) reported that the species grows well in undulations with deep soils and good drainage based on existing stands. This study, investigates seed germination and early growth of C. albidum on soils from selected locations in Ekiti State to prescribe the location that would best support its growth.

Materials and Methods
The experiment was carried out at the nursery site of the Faculty of Agricultural Sciences, Ekiti State University, Ado-Ekiti, Nigeria (EKSU). Ekiti State enjoys a tropical climate with two distinct seasons. These are the rainy season (April–October) and the dry season (November–March). Temperature ranges between 21°C and 28°C with high humidity. The south-westerly wind and the northeast trade wind blow in the rainy and dry (Harmattan) seasons respectively. The tropical forest exists in the south, while savanna occupies the northern peripheries. The soils derived from the basement complex rocks are mostly well-drained, having a medium to a fine texture.
The topsoil used for this study was collected from four locations in Ekiti State with two locations from the rainforest and two from the derived savanna. The two rainforest locations are Ado-Ekiti and Ikere-Ekiti while the derived savanna locations are Ayede-Ekiti and Igede-Isan Ekiti. This topsoil was collected from the teak plantation in each of these locations to eliminate bias from the depth of 0 – 7cm.
Matured fruits of C. albidum were collected from its area of natural range in Ekiti State. Seeds were extracted from the fruits, de-pulped, washed in water, and air-dried before sowing. Samples of the topsoil collected from the four locations were analyzed in the laboratory for their physical and some chemical properties (Nitrogen, Phosphorus, Potassium, and pH) to determine differences. Samples were analyzed according to the official methods of analysis described by the Association of Official Analytical Chemists (A.O.A.C., 2005).
The pretreatments used for breaking seed dormancy were scarification, hot water, cold water, and control. Scarification was achieved by scratching the seed hilum on sandpaper while hot water pretreatment was achieved by soaking the seeds in water brought to boil and allow the water to cool with the seeds overnight. Coldwater pretreatment was done by soaking seeds in water at room temperature for 12 hours while the seeds under control did not receive any form of pretreatment. One hundred and forty-four seeds were used with thirty-six seeds subjected to each treatment and sown in the polythene pots previously filled with topsoil collected from the various locations thereby making the topsoil from each location the replicate for each pretreatment. Polythene pots were watered daily in the morning and germination count was done daily till no further germination occurred for about 7 days. Uniformly growing seedlings were then later separated to continue into the phase of seedling growth assessment. Data collected were subjected to 2-way analysis of variance (ANOVA) while Duncan’s Multiple Range Test (DMRT) was used to separate the means that were significantly different at the 5% probability level. 

Results
Germination of Chrysophyllum albidum in Soils from Four Locations in Ekiti State under Different Pretreatments
The germination data of C. albidum seeds in the soils of the different locations subjected to different pretreatments are shown in Table 1. Germination began in Ikere under control at 33 Days After Sowing (DAS) and was completed at 40 DAS with germination of 55.6%. No germination was observed under hot water treatmentuntil the experiment was terminated. Germination began under scarification at 29 DAS and was completed at 39 DAS giving germination of 55.6%. In cold water treatment, germination began at 26 DAS and ended at 38 DAS with 100% germination obtained. Figure 1 shows the germination percentage at different assessment periods in Ikere.
Furthermore, in Ayede, germination began in control at 32 DAS and was completed at 37 DAS with germination of 55.6%. However, hot water gave germination of 0% whereas, under scarification, germination began at 28 DAS and ended at 39 DAS with germination of 77.8%. Under cold water, germination began at 26 DAS and was completed at 32 DAS with germination of 66.7%. Figure 2 reveals germination in Ayede during the assessment period.
In Igede-Isan, germination began in control at 33 DAS and ended on 39 DAS with germination of 33.3%. A similar result to what was got in the other locations aforementioned was observed under hot water treatment with no germination till the experiment was concluded. On the other hand, scarification began at 31 DAS and was completed at 40 DAS with germination of 88.9% whereas, in cold water, germination was first observed at 32 DAS and ended on 39 DAS with germination of 33.3%. Germination in Igede-Isan under the various pretreatments are shown in Figure 3.
Lastly in Ado, germination was first observed under control at 43 DAS and none was observed after that day. Meanwhile, as it was observed in other locations, hot water did not germinate throughout the duration of the experiment. Nevertheless, scarification produced germination of 33.3% with germination first observed at 26 DAS while it was completed at 37 DAS. Germination started in cold water at 35 DAS and ended the same day producing germination of 11.1%. Figure 4 shows germination under the different pretreatments in Ado.


Table 1: Germination of C. albidum Seeds Subjected to Different Pretreatments across the Locations
	
Loc.
	Control
	Hot Water
	Scarification
	Cold Water

	
	GP (%)
	Onset of Germ. (DAS) 
	End of Germ. (DAS)
	GP (%)
	Onset of Germ. (DAS) 
	End of Germ. (DAS)
	GP (%)
	Onset of Germ. (DAS) 
	End of Germ. (DAS)
	GP (%)
	Onset of Germ. (DAS) 
	End of Germ. (DAS)

	Ikere
	55.6
	33
	40
	0
	-
	-
	55.6
	29
	39
	100
	26
	38

	Ayede
	55.6
	32
	37
	0
	-
	-
	77.8
	28
	39
	66.7
	26
	32

	Igede-Isan
	33.3
	33
	39
	0
	-
	-
	88.9
	31
	40
	33.3
	32
	39

	Ado
	11.1
	43
	43
	0
	-
	-
	33.3
	26
	37
	11.1
	35
	35


 Loc. = Locations, GP = Germination percentage, DAS = Days After Sowing


Figure 1: Germination of C. albidum seeds under the various pretreatments sown in Ikere soil


Figure 2: Germination rate of C. albidum seeds subjected to various pretreatments raised in Ayede soil


Figure 3: Germination of C. albidum seeds under different pretreatments sown in Igede-Isan soil





Figure 4: Germination rate of C. albidum seeds subjected to various pretreatments raised in Ado soil



Seedling Growth Variables
Results of the seedling growth variables of C. albidum are presented in Table 2. ANOVA result for the mean number of leaves revealed significance at 6 and 8 weeks, however, when DMRT was used to separate the means, it showed that at 6 weeks, the mean number of leaves for Ado was different from both Ikere and Ayede but not different from that of Igede-Isan. However, the means across the locations were not significantly different from one another at 8 weeks. Moreover, Ikere had the highest mean value of 3.17 while the least mean value was 2.00 and this was obtained across all the locations at different times during the assessment period. 
ANOVA result did not indicate a significant difference in mean seedling height values of C. albidum in all the different locations throughout the assessment period. However, when the mean values were considered, Igede-Isan had the highest value of 8.95 cm at 12 weeks, followed by 8.77 cm in Ikere while the least value of 5.25 cm was recorded in Ado at 2 weeks. 
The result of ANOVA for mean collar diameter values of C. albidum revealed significant differences at 4, 6, and 8 weeks. When DMRT was used to separate the means, it showed that at 4 weeks, mean collar diameter values were not different from one another. Nevertheless, at 6 weeks, Igede-Isan differed from the other locations. Likewise, Igede-Isan differed from both Ikere and Ayede at 8 weeks but was not different from Ado. The highest mean collar diameter value of 0.35 cm was recorded in Igede-Isan at both 10 and 12 weeks closely followed by 0.34 cm under the same location while the least value of 0.30 cm was obtained in Ado at 4 weeks. 


Table 2: Mean Values for Seedling Growth Variables in the Study Locations across the Assessment Period
	Weeks
	Mean Number of Leaves
	Mean Seedling Height (cm)
	Mean Collar Diameter (cm)

	
	Ikere
	Ayede
	Igede-Isan
	Ado
	Ikere
	Ayede
	Igede-Isan
	Ado
	Ikere
	Ayede
	Igede-Isan
	Ado

	2
	3.00
	2.00
	2.00
	2.00
	6.88
	5.50
	6.95
	5.25
	0.32
	0.31
	0.31
	0.30

	4
	2.00
	2.00
	2.00
	2.00
	7.02
	5.67
	7.23
	6.20
	0.31
	0.31
	0.33
	0.30

	6
	2.80a
	2.70a
	2.50ab
	2.00b
	7.68
	6.35
	8.10
	6.30
	0.31b
	0.31b
	0.34a
	0.31b

	8
	3.00
	3.00
	3.00
	3.00
	8.03
	6.73
	8.23
	6.40
	0.31b
	0.31b
	0.34a
	0.33ab

	10
	3.17
	3.00
	3.00
	3.00
	8.38
	7.23
	8.53
	6.50
	0.32
	0.32
	0.35
	0.32

	12
	3.17
	3.00
	3.00
	3.00
	8.77
	8.00
	8.95
	7.50
	0.32
	0.32
	0.35
	0.31


Rows without superscript did not indicate significance at that assessment period
Means with the same letter in each row are not significantly different at p≤0.05


Some Soil Properties from the Study Locations
The results of the laboratory analysis of some soil properties of the study locations are shown in Table 3. When the soil textural diagram was used for sand, silt, and clay values of each location, it revealed that Ikere and Igede-Isan are loamy sand while Ayede and Ado have sandy soil. Also, the highest value for Nitrogen was obtained in Ado while the least was obtained in Igede-Isan soil. The result of pH in water revealed all the values across the locations being close to neutral although that of Ikere appeared slightly acidic with the others slightly alkaline.


Table 3: Results of Laboratory Analysis of some Soil Properties from the Study Locations
	Locations
	pH (H2O)
g kg-1
	Sand
g kg-1
	Silt
g kg-1
	Clay)
g kg-1
	N
g kg-1
	P
g kg-1
	K
g kg-1
	Org matter
g kg-1

	Ikere
	6.80
	89.4
	4.4
	6.2
	0.81
	12.07
	0.12
	15.34

	Ayede
	7.30
	90.4
	4.4
	5.2
	1.74
	17.06
	0.43
	36.03

	Igede-Isan
	7.35
	88.4
	4.4
	7.2
	1.64
	26.62
	0.35
	28.27

	Ado
	7.25
	91.4
	4.4
	4.2
	1.69
	6.15
	0.34
	30.34




Discussion
Germination of Chrysophyllum albidum in the Soils of the Different Locations subjected to Different Pretreatments. The various pretreatments impacted the germination of C. albidum seeds differently. Scarification and cold water favoured the germination of C. albidum best whereas the result from the former appeared more consistent across the locations. The untreated seeds (control) also germinated well giving above 50% germination in both Ikere and Ayede whereas hot water did not favour germination in all the locations. Aduradola et al. (2005) earlier reported that mechanical scarification enhanced germination in C. albidum seeds although their scarification method differed from the one adopted in this study. Similarly, Oyebade et al. (2012) used the mechanical method to overcome dormancy in C. albidum seeds and achieved between 21-53% germination although the description of the method used was not given. Hartmann et al. (1997) already defined scarification as any process of breaking, scratching, mechanically altering or softening the seed covering to improve the permeability of water and gases, and includes mechanical, chemical and hot water treatments. Therefore, irrespective of the way it is applied, the most important thing is for such a method to allow the imbibition of water and gases. Also, the fact that untreated seeds gave appreciable germination percentage in some locations in this study is similar to the result obtained by Olayode and Otufale (2018) who reported that freshly extracted seeds of C. albidum gave close to 100% germination and in a short time although watering frequency was controlled. However, Aduradola et al. (2005) reported that hot water treatment favoured the germination of C. albidum seeds. The fact that this result is different from of those obtained in this study could be a result of the exposure time which in this study is much longer than what they adopted. It has been opined that sudden dip of seeds in boiling water leads to changes and subsequent germination of the embryo however, it may be detrimental when in excess leading to the death of the embryo.

Seedling Growth Assessment of C. albidum in the Soil obtained from the Different Locations
The result of the statistical analysis for all the growth variables had shown that there was no significant difference in most of the weeks across all the locations. This might have been because the soil used from each location was collected at a similar depth from forest reserve that harbours plantation. The soils from the various locations must have had similar characteristics as revealed in their properties many of which were very similar. Forest soil usually gets impacted by the recycling of organic matter and nutrients, including wood, litter, debris, and wide varieties of soil-dwelling organisms even where such forests were not naturally forested (Boyle, 2005). Likewise, the observed minor differences in the seedling growth variables might have resulted from the fact that all the locations were subjected to similar anthropogenic activities such as annual burning, cropping, and grazing. Furthermore, the values obtained for the growth variables appeared small. This is similar to the result of Olayode and Otufale (2018) on C. albidum seedlings despite the variations in watering frequencies. Also, Oyebade et al. (2012) reported data transformation of seedling growth variables in C. albidum before analysis; this must have enhanced the figures documented for the seedling growth variables which seemed bigger than what was observed in this study.

Conclusion
This study had indicated that C. albidum can be raised in the two ecological zones of Ekiti State. Furthermore, seeds pretreated with scarification and cold water during the experiment gave the highest germination percentage and rate which makes them the best methods of breaking seed dormancy in C. albidum. Untreated seeds of C. albidum will also yield good germination if they are sown soon after extraction
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Introduction


 


Many indigenous tropical fruit tree species


 


are of 


great economic potentials.


 


Sales of some of these 


edible fruits serve as a means of livelihood for many 


rural people in Nigeria. Some of these fruit tree 


species include 


African pear


 


Dacryodes edulis


;


 


Bush 


mango


 


Irvingia gabonensis


;


 


Velvet tamarind


 


Dialium 


guineense


;


 


Yellow mombin


 


Spondias mombin


,


;


 


Soursop


 


Annona 


muricate


;


 


Breadfruit


 


Artocarpus 


altilis


; 


African breadfruit


 


Treculia africana 


and 


Chrysophyllum albidum


 


(syn. 


Gambeya albida


).


 


C.


 


albidum


 


commonly called African star apple or White 


star apple is from the family Sapotaceae.


 


It is called 


different names by the diverse tribes in Nigeria. It is 


known as “agbalumo” in 


Yoruba, “udara”


 


in Ibo, 


Efik


,


 


and Ibibio


;


 


“ehya” in Igala a


n


d “agwaluma” in 


Hausa (Olayode and Otufale, 2018). 


I


t is


 


primarily a 


forest tree species and its natural occurrence has 


been reported in diverse ecozones in Nigeria, 


Uganda, Niger Republic, Cameroon


,


 


and Cote 


d’Ivoire (Bada, 1997). The tree often grows to a 


height of 36.5m


. The African star apple fruit is a 


Cite as: 


Olayode


 


O.O (20


19


). 
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s


eedling 


g


rowth of African Star Apple 


(Chrysophyllum albidum


 


G. 
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) in 


s
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.
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