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ABSTRACT 

The flower and fruit production of some economic trees outside their natural ecosystem become 
problematic. The flowering and fruiting pattern of Diospyros crassiflora   was carried out in mini 
plantation of D. crassiflora at Humid Forest Research Station Umuahia for four consecutive 
years (2016 to 2019) with the aim of providing information on the fruiting pattern of the species. 
Among many methods (litter trap, full-counts, ordinal, and density estimation approach)  of 
assessing flower and fruit production, full-counts  method was adopted in the assessment which 
is direct counting of flower and fruit on the trees. The number of trees which attained their 
reproductive age in the year 2016 were 24 and in year 2019 a total of one-hundred and six (106) 
attained their reproductive age. The plantation was mainly pollinated by bee and black ant. The 
flowering period was taken place in the month of February through April. The mean number of 
flowers produced in the year 2016 was 546±54.24 and it was 7180±42.75 in the year 2019.  The 
mean aborted flower in the year 2016 was 186±31.5 and that of year 2019 was 2654±41.8. The 
mean aborted fruit in the year 2016 was 154±14.67 and that of the year 2019 was 1471±37. The 
mean set fruit in the year 2016 was 197±22.8 and for the year 2019 it was 3114±29.82. Within 
the period of studies, the plantation showed a consistent bearing. It was concluded that 
domestication of D. crassiflora outside its natural habitat would produce fruit consistently under 
a proper management.    
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Introduction 

Diospyros crassiflora or Bennin ebony is 
endemic to Western Africa. It grows from 
southern Nigeria east to the Central African 
Republic and south to Gabon and Democratic 
Republic of the Congo (Deblauwe, 2021). It 
occurs in lowland, semi-deciduous and 
evergreen forest up to 1000 m altitude and 
tend to avoid the wettest forest. It is slow-
growing, reaching about 25 m in height with a 
cylindrical trunk that can be 120 cm in 
diameter and branchless for up to 15 m 
(White, 198 7). Because of its desirable 

qualities, the wood is overexploited, virtually 
all large tree of this species have been 
harvested, except perhaps those growing in 
the most remote part of its range such as 
Nigeria, Gabon and DR Congo (Ken, 2022).  
The International Union for Conservation of 
Nature classifies it as a threatened species 
(Schatz et al., 2019). The wood this particular 
tree produced is believed to be the blackest of 
all timber-producing. D. species, and 
heartwood from the tree has been in 
extremely high demand since ancient 
Egyptians times (Nesbitt, 2005). It is hard and 
durable with very fine pores and it polishes to 

http://www.jfrm.org.ng


 

84  

Journal of Forestry Research and Management. Vol. 19(2).83-94; 2022, ISSN 0189-8418 

www.jfrm.org.ng 

a high luster. It is used to make sculptures, 
carvings, pool cues, doorknobs, tool and knife 
handles, gun grips, the black keys on pianos, 
organ-stops, guitar fingerboards and bridges 
and bark decoction is used in the treatment of 
ovarian problem (Deblauwe, 2021). It can 
also be used against yaw and sores (Dzoyem, 
et al., 2006). D. crassiflora timber has been 
an important export product from its range 
countries for years but volumes has been 
declining, most likely due to increasing 
scarcity. Big trees of the species are nearly all 
gone throughout its natural range, including in 
remote areas.  

The world tropical forests are threatened by 
deforestation due to agriculture, industrial and 
urban expansion; as well as by drought, fire 
and diseases, all worsened by climate change. 
In plants, reproductive biology mainly 
focuses on flowering phenology, floral 
biology, pollen-pollinator interaction, 
breeding systems and gene flow through 
pollen and seeds (Gopalakrishnan and 
Thomas, 2014). Man-made forests play a 
fundamental role in recovering lost species 
through seed production for sustainable 
domestication and conservation programme. 
The problem of fruit tree fructification and 
fruitfulness is complex and would require a 
broader discussion. However, the fruit tree 
productivity target can be defined by the 
variable such as high yield (in tons per 
hectare or its equivalent), precocity period 
and regular long-term, non-alternating 
(Eliezer, 2013).  

A relative number of studies on reproductive 
biology of tropical species from natural forest 
ecosystem have been reported by some 
authors (Bawa, et al., 1985; Oni, 1985).  
Domestication of fruit trees has received far 
less attention than that of annual crop plants. 
Despite the knowledge of the reproductive 
biology of tropical forest being crucial to the 

success of tree breeding programmes, 
information is extremely scarce even for the 
most common and best-known species and in 
many instances, it is lacking together 
(Cantidio et al., 2008). This study therefore 
aimed to investigating the flowering and 
fruiting trend of domesticated D. crassiflora 
in a mini plantation at Humid Forest Research 
Station Umuahia, Nigeria.    

Material and Methods 

Study area 

The Forestry Research Institute of Nigeria, 
Humid Research Station located at periphery 
of   Umuahia town Nigeria. The forest station 
lies on latitude 50 30’48”N to 50 32`15” N and 
longitude 70 31’03” E to 7031’32” E  along 
Umuahia/Ikot- ekpene road, Umuahia, at an 
altitude of over 122 m above sea level (Okeke 
et al., 1995 ). The vegetation is a typical of 
lowland rain forest of south eastern Nigeria 
with a total area of approximately 32 hectares.  
The rainfall pattern is bimodal with peaks 
around June to July and September to 
October, annual rainfall is 2238 mm; the 
mean minimum and maximum temperature 
are 23 0C and 30 0C respectively while relative 
humidity is 86.4% (Joseph and Joy, 2015). 
The vegetation has been described as high 
forest and soil type is sandy loam trees are 
grown both in plantation and isolation pattern. 
Exotic and indigenous trees are the species 
made up of the tree community of the area 
(Okeke et al., 1995). 

Study site 

The 0.246 hectare of plantation of D. 
crassiflora was established in the month of 
June, 2012 at an espacement of 2.5 by 2.5 m 
from seedlings raised from the seeds collected 
in the natural forest at Cross Rivers State, 
Nigeria, for the purpose of seed collection 
(Seed orchard) (Plate 1) Beating- up was 

http://www.jfrm.org.ng


 

85  

Journal of Forestry Research and Management. Vol. 19(2).83-94; 2022, ISSN 0189-8418 

www.jfrm.org.ng 

carried out in the year 2013. A year after the 
establishment of the plantation, organic 
fertilizer was applied to the trees. Before the 
commencement of this preliminary study, the 
only research study that was carried out in the 
plantation is agro-forestry studies in which 
the trees were inter-cropped with various 

crops such as sweet potato, maize (Bende 
local), peper and ugwu. The plantation started 
flowering in the month of February, 2015- 
three years after planting; in which only seven 
stands were found fruited in the whole of the 
plantation. 

                                                    

  

                                                 Plate 1: The Diospyros crossiflora plantation 

Data collection 

The mini plantation (0.246 hectare) of D. 
crassiflora was divided into seven blocks 
with average fifty-six (56) trees in each bloc. 
The size of block was 122.5 m2.  The number 
of flowering  trees in each block in each year 
were tagged   and monitored at a week 
interval for data collection  for four 
consecutive years (2016 to 2019). 
Observations were made on; Flowering 
period, Nature of the flower. Timing of 
pollination and pollinating agents, Ripening 
period and fruit abscission, Flowering and 
fruiting trends, 

Data  collection on flowering period:  

Monthly observations were made in all the 
blocks in the  plantation. The months when 
the flower formation and anthesis taken place 
were recorded as flowering period.   

Nature of flower;  

The flowers were collected and dissected for 
proper observation of the characteristics of 

the flower. The characters which the flower 
possessed were observed and recorded.    

Timing of pollination and pollinating 
agents;  

During the flowering periods, the plantation 
was frequently visited to observe the type of 
pollinating agents which were foraging on the 
flowers. The plantation was observed for the 
kinds of pollinating agents in the morning, 
afternoon and evening.  a day to observe the 
time when pollinators were visiting the 
plantation. The agents of pollination were 
observed and recorded. 

Ripening period and fruit abscission; 

  The young fruits were monitored from the 
period (month) of their formation and 
development  to the period of their maturity 
when they were started turning yellowish and 
fall-off from the mother trees.  

Assessment of flower and fruit production 

The methods to assessing flower and fruit 
production in forest trees include; litter trap, 
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full-counts, ordinal (the specific ranked order) 
and density estimation approach (David and 
kobe, 2019). The full-counts method was used 
for the assessment, in which the flowers and 
fruits which were produced on the twigs and 
branches of the trees in the plantation were 
directly counted.  

In order to get direct, individual-level 
estimate and to avoid potential confounding 
with animal predation, fruit production was 
estimated while fruit was still on the tree. The 
data were collected on the numbers of flowers 
and fruits produced in each block for the 

period of four years. The mean of data 
collected were calculated through which the 
mean standard error was determined.   

Results 

Flowering period 

Throughout the study period (2016 to 2019) it 
was observed that D. crassiflora produces 
flowers on February  and flowering continues 
till the month of April. The peak period of 
flowering was March and declined till second 
week of April (Plate 2)  

 

Plate 2: The D. crossiflora during flowering period 

Nature of D. crassiflora flower 

The flower is white and actinomorphic-radial 
symmetry. Flower parts are similar in size, 
shape, texture and gamopetalous. The shape is 
urceolate. Sepals are separated and persistent. 
It takes 7 to 10 days for flower bud to grow 
into anthesis. At the anthesis, the flower 
opened at the tip through which pollinators 

enter into the flower. The reproductive parts 
(androecium and gynoecium) are totally 
covered by corolla. Petals (corolla) turned 
brown at maturity and remained at the top of 
the young fruit formed from ovary for average 
five days before it detached from the young 
fruit (Plate 3) 

                                                                             

 

                                                                    Plate 3: Diospyros crossiflora during the fruit formation 
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Timing of pollination and pollinating 
agents 

D. crassiflora is entemophilous tree species. 
As soon as the flowers opened, pollinators 
begin to pollinating the flowers. The two 
major agent of pollination  identified with  D. 
crassiflora during the study were bee and 
black ant. The insects belong to order 
hymenoptera. The bees visited the plant 
during the flowering period between the hours 
of 6 am to 8:30 am. The black ants on the 

other hand visited the flowers between 6 to 10 
am and again 4 to 6 pm for the process of 
pollination. 

Ripening period and fruit abscission. 

Ripening begins in mature fruit in the month 
of June and continues till   August. The peak 
of ripening period was July in which many 
mature fruits abscised from their mother tree. 
The fruit of D. crassiflora is berry with 
average four seeds in a fruit. At maturity, the 
fruit turns yellowish (Plate 4 and 5).  

                   

 

Plate 4: Fruits developmental stage of   Plate 5: Ripening  D. crossiflora fruit  

D. crossiflora    

Flowering and fruiting trends in the 
plantation. 

The data collected between 2016 and 2019 on 
flowering and fruiting trends of D. crassiflora 
are depicted in Tables and figures below.  

Table 1: Number of flowers and fruits (Mean± Standard error) per block in year 2016 

Block

 

Number of 
mature trees 

 

Number of 
flowers  

Number of aborted 
flowers  

Number of 
aborted fruits  

Number of set 
fruits  

1 3 49±3.64 24±0.92 11±1.41 13±1.31 
2 2 33±0.47 12±10.24 13±0.10 7±0.13 
3 2 52±3.13 18±1.11 17±1.02 16±1.00 
4 5 136±13.20 45±6.10 31±4.00 58±3.10 
5 6 128±10.33 52±4.11 36±2.02 39±4.20 
6 3 69±11.14 19±3.02 22±4.11 27±9.01 
7 
Total 

3 
24 

79±12.33 
546±54.24 

16±6.00 
186±31.5 

24±2.01 
154±14.67 

37±4.10 
197±22.85 
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In the year 2016, a total number of 24 stands 
of D. crassiflora produced flowers. In those 
blocks the minimum number of tree that 
produced flower ranged from 2 to 6. The 
number of flowers produced in each block 
ranged from 33 to 128. The aborted flower 

recorded in the blocks is between 12 to 52 
flowers. The aborted fruit recorded is between 
11 and 36. The fruits that attained maturity  
before abscission (set fruits) ranged from 13 
to 58 fruits (Table 1. Figure 4).  
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Figures 1: showing the number of mature trees in each block 

Table 2: Number of flowers and fruits (Mean ± Standard error) per block in year 2017 

Block

 

Number of 
mature trees 

 

Number of 
flowers  

Number of aborted 
flowers  

Number of 
aborted fruits  

Number of set 
fruits  

1 7 214±7.36 107±1.10 42±4.14 65±2.12 

 

2 5 181±2.30 79±0.21 49±1.06 53±1.03 
3 4 139±4.72 53±2.60 38±1.04 48±1.08 

 

4 9 352±8.10 148±3.04 92±0.06 112±5.00 
5 6 261±11.33 106±4.08 69±3.12 86±4.13 
6 5 283±4.15 136±1.03 71±2.11 76±1.01 
7 
Total 

4 
40 

124±5.13 
1554±43.10 

52±0.07 
681±12.18 

28±3.02 
389±14.55 

44±2.04 
484±16.41 

In the year 2017, a total number of 40 stands 
of D. crassiflora produced flowers. In those 
blocks the minimum number of tree that 
produced flower were 4 and the maximum 
number of trees that produced flowers were 9. 
The number of flowers produced ranged from 

124 to 352 flowers. The minimum aborted 
flowers were 52 and the maximum aborted 
flower were 148 flowers. The number of 
aborted fruits in the year 2017 is between 28 
and 92 fruits. The set fruits ranged from 44 to 
112 fruits in all blocks (Table 2. Figure5).   
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Figure 2: Flower production in each block 

Table 3: Number of flowers and fruits(Mean ± Standard error)per block  in year 2018. 

Block Number of 
Mature 
trees

 

Number of  
Flowers 

Number of  
aborted flowers          

Number of 
aborted fruits            

Number of 
set fruits  

1 10 671±3.17 239±1.12 226±1.04 203±1.01 
2 13 1056±10.31 308±3.02 236±4.68 502±8.21 
3 16 885±11.06 416±6.00 240±2.01 231±3.06 
4 12 803±12.03 251±4.00 238±0.03 314±8.00 
5 11 1113±6.51 312±2.10 253±1.30 546±3.11 
6 13 764±9.02 227±5.01 232±2.00 309±2.01 
7 
Total 

12 
84 

692±8.11 
5984±60.21 

236±2.07 
1989±23.32 

245±5.04 
167±16.1 

211±1.00 
2316±26.4 

In the year 2018, a total number of 87 stands of mature D. crassflora were observed in the study 
site. And the number is between 10 to 16 among the blocks. The lowest number of flower 
produced among the blocks is 671 flowers and the highest number of flower produced is 1113 
flowers in all the blocks. The number of aborted flower observed were between 227 and 416 
among the blocks. The aborted fruits also ranged from 226 to 253. The set fruits among the 
blocks is between 203 and 546 fruits (Table3. Figure 6). 
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Figure 3: Showing the number of  aborted flowers 

Table 4: Number of flowers and fruits (Mean ± Standard error) per block  in year 2019 

Block

 

Number of 
mature trees  

Number of 
flowers  

Number of 
aborted flowers 

 

Number of 
aborted fruits  

Number of 
set fruits  

1 12 915±3.11 365±1.72 220±6.02 330±5.41 
2 16 1125±7.33 507±11.20 269±3.28 349±4.14 
3 18 1031±7.52 414±6.01 219±7.05 398±8.04 
4 15 1117±6.40 384±3.00 204±7.31 588±3.06 
5 13 883±5.02 315±7.05 148±1.52 420±2.51 
6 17 1206±9.22 422±3.51 232±4.34 552±1.63 
7 
Total

 

15 
106

 

903±4.15 
7180±42.75

 

247±9.31 
2654±41.8

 

179±8.15 
1471±37.67

 

477±5.03 
3114±29.82

 

In the year 2019 which was the last year for 
the study, the flowering and fruiting trend of 
the study species is depicted in Table4 and 
Figure 7. A total number of 106 trees of D. 
crassiflora were observed flowering in the 
study site. Among the blocks, the number of 
mature trees is between 12 to 18 with the 

minimum of 883 flowers and maximum of 
1125 flowers being produced among the 
blocks. Number of aborted flowers ranged 
from 247 to 507 flowers. The aborted fruits in 
the year 2019 is between 148 and 269 fruits 
while the set fruits is between 330 and 588 
fruits.
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                       Figures 4: Showing the number of aborted fruit  
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Figure 5: Showing the number of set fruits   

Discussion 

The importance of the tree plantation in 
Nigeria is increasing as the demand for raw 
materials is rising and the supply from the 
natural forest is dwindling. Research work on 
the improvement and breeding of indigenous 
hardwood species in Nigeria started about 
four decades ago and such studies prove to be 
fruitful in planning various conservative 
programmes specific to different habitats 
(Joseph and Joy 2015). The D. crassiflora in 
the study plantation attained its fruiting age at 
the age of 5 years including the age at the 
nursery.   For D. crassiflora to grow to the 
point of fruiting and to fruiting consistently 
outside its natural ecology habitat, it means 
that the species has adaptive features which 
make its domestication possible.  One 
advantage of artificial plantation is the 
uniformity of their output. Increase in the 
fruiting trend observed in the D. crassiflora 
might likely due to proper management of the 
plantation. That particular flowering period 
was also reported in mini plantation of Afzelia 
africana grown in the same forest community 
(Joseph and Joy 2015) with the D. crassiflora.  

The entemophilous  nature of flower of this 
species attracts bee and black ant for 
pollination, but the wasp which belongs to the 

same insect order (Hymenoptera) with other 
two pollinators was not found along with 
them in pollinating the plantation during the 
flowering period. It was reported that wasps 
are involved in a number of unusual 
pollination mechanism and wasps flowers 
have a dull texture and are usually in shades 
of browns (Shaw 1962; Gretchend and 
Stanley 2001). This could be the reasons why 
the wasps were not found in the D. crassiflora 
plantation during the flowering periods. The 
ripening period of D. crassiflora throughout 
this study was observed to commence 
between last week of May and to the third 
week of August.  The peak ripening period 
was June. It means that D. crassiflora takes 
three and half months to ripe after flowering. 
The ripening period of the D. crassiflora is 
great advantage to tree grower, conservator 
and plantation manager, because they can sow 
the seed of  D. crassiflora directly on the field 
around that period of June without stress from 
soil moisture.  The stand characteristics that 
most obviously affects growth and yields is 
stand age. Trees must reach a certain 
developmental stage or size to attain 
reproductive maturity, although the size 
associated with reproductive maturity varies 
among  individuals -based on physiology and 
environment ( Owen, 1995 ). The number of 
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mature trees recorded in each year was varied 
even within blocks and between the years 
without alternate bearing. Also there was 
variation in terms of number of flowers 
production, number of aborted flowers, 
number of aborted fruits and number of set 
fruits After reaching maturity, large trees are 
likely to produce more fruit (Greene and 
Johnson 1994), possibly due to greater access 
to resource (Carbone et al., 2013).  

However, even among large potentially 
reproductive individuals of the same species, 
reproduction is unequal, with most of the fruit 
being produced by a few individuals (Minor 
and Kobe, 2017; Moran and Clark, 2012). 
This observation was also surfaced in this 
particular study where there were a few 
individuals in mini plantation of D. 
crassiflora that reached their reproductive age 
within the period of the study. This variation 
among blocks and individuals indicates that 
there are additional factors influencing fruit 
production in D. crassiflora. The large-scale 
abortion of flowers and immature fruits is a 
common phenomenon. The proportion of 
flowers that develop into mature fruit varies 
considerably among species, ranging from 
less than one percent to one hundred percent 
(Stephenson, 1981).  

Throughout this study, flower and fruit 
abortion took place in all mature trees and in 
all the blocks. The trend of the fruit abortion 
in the plantation was on an increase as the age 
of the plantation was increasing. Fruit 
growers have, of course, been generally aware 
of the problem of flower drop and its effect on 
eventual fruit set. Several workers have 
implicated lack of successful pollination as a 
major cause of abortion (Gross and Werner, 
1983). But the continuous abortion of 
immature fruits in many species suggested 
that abortions do not necessarily result from 

inadequate pollination and that other factors 
involved (Bawa and Webb, 1984).  

Among these are quality of pollen grain 
deposited on the stigmas (Minor and Kobe, 
2019) and ovule competition for the resources 
required for seed development (Lloyd, 1980). 
The number of set fruits in a particular 
plantation determined by many factors. But 
set fruit largely depend on the number of 
flower produced, number of aborted flowers, 
and number of aborted fruits. The ratio of 
flowers produced at the first year of the study 
to the ratio of the flowers produced at fourth 
year is not proportionate (1:13). Also the ratio 
of the fruit set in the first year (2016) to the 
ratio of the set fruit in fourth year (year 2019) 
is not proportionate, (1:15.8). This is an 
indication that the fruit production capacity of 
the D. crassiflora  plantation  increases as the 
age of the plantation increases. Increased 
yield is widely accepted as a characteristic of 
all domesticated crops- seed plant, vegetables, 
and fruit trees alike compared with the wild 
ancestors (Eliezer, 2013). 

Conclusion and Recommendation 

In this preliminary assessment it was 
concluded that D. crassiflora could produce 
flower and mature fruit in an increasing order 
at early age without alternate bearing in the 
mini plantation.    

For further study about the flowering and 
fruiting investigation on the same D. 
crassiflora plantation, to efficiently assess 
flower and fruit production it is recommended 
that ordinal categories should be used in place 
of full counts, because full-counts method 
consumes time. As the age of the plantation 
increases the parameter such as size of crown, 
number of twig, number of flower and 
number of fruit also increases. Hence it may 
be difficult to use full counts method again.   

http://www.jfrm.org.ng


 

93  

Journal of Forestry Research and Management. Vol. 19(2).83-94; 2022, ISSN 0189-8418 

www.jfrm.org.ng 

References 

Bawa, K.S and Webb (1984). Flower, fruit, 
and seed abortion in tropical forest trees: 
implication for the evolution of paternal 
and maternal reproductive patterns. 
American Journal of Botany 71:736-751 

Bawa, K.S, Perry, D. and Beach, J.H. (1985). 
Reproductive Biology of Tropical Lowland 
Rainforest Tree (1): sexual system and 
incompatibility mechanism. American 
journal of Botany,72:331-345. 
http://dx.doi.org/10.2307/2443526

 

Cantidio, F. G, Mercelo, C. D. and Adriana 
P.M.R. (2008). Floral Development in the 
Tribe Cedreleae (Meliaceae, Sub-family 
Swietenioideae): Cedrela and Toona. 
Annals of Botany 10(1):39-48 

Carbone, M.S, Czimczik, C.I , Keenan T.F, 
Murakami, P.E, Pederson, N, Schaberg, 
P.G, and Richardson, A.D. (2013). Age, 
allocation and availability of nonstructural 
carbon in mature red maple trees. The New 
Phytologist, 200:1145-1155  

Deblauwe, V. (2021). Life history, uses, trade 
and management of Diospyros crassiflora 
Hiern, the ebony tree of Central African 
forests. A state of knowledge, Forest 
Ecology and Management, 481:118655 
doi:10-1016/j.foreco.2020.118655. 

Dzoyem, J.P., Tangmouo, J.G., Kechia, F.A., 
Lontsi, D., Etoa, F.X., and Lohove, P.J. 
(2006). In vitro antidermatophytic activity 
of Diospyros crassiflora Hiern 
(Ebenaceae) Sudanese Journal of 
Dermatology 4(1):10-15. 

Eliezer E.G. (2013). The Evolution of Fruit 
Tree Productivity: A Review. Economic 
Botany 67:51-62 

Gopalakriishnan, K.K, and Thomas, T.D. 
(2014). Reproductive Biology of 
Pittosporum dasycaullon Miq, (Family 
Pittosporaceae). A Rare Medicinal Tree 
Endemic Western Ghats. Botanical 

Studies, 55.15. 
http:/dx.doi.org/10.1186/1999-3110-55-15 

Grass, R.S. and Werner, P.A. (1983). 
Relationship among flowering phenology, 
insect vistors and seed-set of individuals 
experiments studies on four co-occuring 
species of goldenrod (Solidego: 
Composite) Ecological monographs: 53(1): 
95 – 117.   

Greene, D.F and Johnson, E.A. (1994). 
Estimating the mean annual seed 
production of trees. Ecology, 75(3):642-
647 

Gretchen D.J and Stanley D.O (2001). The 
Uses of Pollen and its Implication for 
Entomology. Neotropical Entomology, 
30:1-14.  

Joseph, O. A and Joy L.H. (2015). 
Preliminary Investigation on Flowering 
and Fruiting pattern in a plantation grown 
Afzelia africana Sm stand in Umuahia, 
Nigeria. American Journal of Plant 
Science 6:219-227 

Kern, F. (2022). Tropical Plants Database, 
Ken Fern. Tropical.theferns. info.2022-06-
12.<tropical.theferns.info/viewtropical.php
?id=Diospyros+crassiflora> 

Lloyd D.G (1980). Sexual strategies in plants 
1. An hypothesis of general adjustment of 
maternal investment during one 
reproductive session. New Phytologist, 
86:69-70 

Minor, D.M. and Kobe R.K. (2017). Mating 
synchrony in northern hardwood forest: 
super producers govern population fruit 
production. Journal of Ecology, 
105(4):987-998  

Minor, O.M. and Kobe, R.K. (2019). Fruit 
production is influences by tree size and 
size-asymmetric crowding in a wet tropical 
forest: Eology and Evolution, 9(3): 1458 – 
1472.   

http://www.jfrm.org.ng
http://dx.doi.org/10.2307/2443526
http:/dx.doi.org/10.1186/1999-3110-55-15


 

94  

Journal of Forestry Research and Management. Vol. 19(2).83-94; 2022, ISSN 0189-8418 

www.jfrm.org.ng 

Mogensen, H.L (1975}. Ovule abortion in 
Quercus (Fagaceae). American Journal of 
Botany 62:160-155 

Moran E.V. and Clark J.S. (2012). Causes and 
Consequences of unequal seedling 
production in forest trees: A case study in 
red Oaks. Ecology, 93(5):1082-1094 

Nesbitt, M. (2005). The Central History of 
Plants. Routledge, New York-London, 
2005. Pp.321 

Okeke,  A.I., Asiegbu, J.E, and Ariwaodo, 
J.O. (1995). The Effect of Spacing on the 
Growth and Yield of Pinus caribea Morlet 
and Gmelina arborea Roxb in a Pine: 
Gmelina mixed Plantation. Nigeria Journal 
of Forestry, 1(2):75-82 

Oni, O. (1985).Patterns of Flowering and 
Pollen viability studies in Obeche 
Triplochiton scleroxylon K. Schum. M. Sc 
Thesis, University of Ibadan, Ibadan, 98 
Pp.                      

Owens, J.N. (1995). Constraints to seed 
production. Temperate and tropical forest 
trees. Tree Physiology, 15(8): 477-484  

Schatz, G.E., Lowry, I.P., Onana, J.M., 
Stevart, T., and Deblauwe, V. (2019). 
Diospyros crassiflora Hiern. The IUCN 
Red List, List of Threatened Species 2019. 
https://doi:org/10.2305/IUCN.UK.2019

 

Shaw R. (1962). The biosystematics of 
Scrophularia in Western North America. 
Alis 5:128-147 

Stephenson, A.G. (1981). Flower and Fruit 
abortion: proximate causes and ultimate 
functions. Annual Review of Ecology and 
Systematic 12:253-279 

White, F. (1987). Ebenaceae. P. Bamos (Ed), 
Flore d’Afrique centrale (Zaire-Rwanda-
Burundi): Spermatophytes, Jardin 
botanique national de Belgique, Brussels, 
Belgium.  

http://www.jfrm.org.ng
https://doi:org/10.2305/IUCN.UK.2019

