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ABSTRACT : Phenological observations were taken for 16 woody species for three years (2009-2011) in the Kebbi State, 
North-Western part of Nigeria, Flora of Tropical Africa. Kebbi State is located at approximate latitudes 10° N and 30° N 
and longitudes 3° E and 6° E. It is situated in the North Western part of the Nigeria and is bordered by the Niger and 
Benin Republics Countries in the North and West, while on the East and South, surrounded by Sokoto and Niger States 
respectively. Kebbi State has a total land area of approximately 37,698 sq. km. The phenological behavior of most of the 
woody species was almost similar in different years; however, drought conditions affected the various phenophases of 
several species. Leaf-fall in majority of woody species began in December with a peak in January and February. Leaf 
initiation began in February with a peak in March and April before pre-monsoon showers. Flowering activity in these 
species continued throughout the year with two peaks; one in March and April and second in July and August. Although 
the peak of fruit maturation for these species was observed in September and October, the dehiscence of fruits was 
completed before pre-monsoon showers in April.  
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INTRODUCTION 
 

Periodic behavior of plants in tropical environments  
has received much attention in recent years. Phenology is the  
study of relationship between climatic factors and periodic  
phenomena in organisms. Pattern of phenological events are  
variously used for characterization of vegetation type (Opler  
et al.,1980 and Shimwell,1972). The study of plant phenology  
provides knowledge about the effects of environment and se- 
lective pressures on flowering and fruiting behavior (Zhang et  
al.,2006) suggested that climate change forced deviations in  
the length of growing period and competition among species  
may change the resource use patterns in different species.  
Karmer (1997) concludes that differences in of phenological  
responses tree species to temperature changes, can have long- 
term consequences on their geographic distribution. He fur- 
ther suggests that phenology and climate relationship can also  
reveal the potential impacts of future climatic changes. The  
initiation of growth in plants and changes in phenology are  
governed by various environmental factors and the influence  
of temperature and moisture has been studied by several work- 
ers (Dewald & Steiner,1986 and Walter,1973). Hamann 
(2004) suggested that climatic factors are not directly respon- 
sible for triggering  and synchronization  of phenological 
events. Progress made in the field of phenology of tropical 
tree species is encouraging (Borchert,1983; Croat,1975; 
Frankie et al.,1974 and Putz,1979). In India the phenology of  
tree species has been studied in the subtropical forests of  
North-Eastern region  (Boojh and Ramakrishnan,1981) in  
western Himalayas (Ralhan et al.,1985). However, a few at- 
tempts have been made to evaluate the phenology of tree spe- 
cies in the tropical dry deciduous forests (Singh and Singh,  
1992). The present study was carried out over a three year pe- 
riod (2009-2011) to evaluate the phenology of plant species of  
the tropical region of Kebbi state, North-Western part of  
Nigeria, to understand the response of plant species to clima- 
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tic factors and periodicity of seasons with special reference to 
the effect of drought. 

MATERIAL AND METHODS 

Kebbi State is located at approximately latitudes 10° N  
and 30° N and longitudes 3° E and 6° E. It is situated in the  
North Western part of the Nigeria and is bordered by the Niger  
and Benin Republics Countries in the North and West, while  
on the East and South, surrounded by Sokoto and Niger States  
respectively. Kebbi State has a total land area of approxi- 
mately 37,698 sq.km (Kebbi State Statistical Year book,2007) 

Topography : Kebbi State is dominated by massive flood  
plains of the in-land river valley system. Thus, it typically has  
a flat but undulating elevation of about 150 m in the flood  
plains. This increase towards the Niger river basin to about  
600 m on the eastern side. The alluvial sediments in the flood  
plains range from gravel to clay. It is this sediment which gets  
saturated during the rains, to store water in the sands for dry  
season use. The geology of Kebbi State is characterized by  
thick sedimentary deposited of the Sokoto-Rima basin. Other  
areas in Kebbi State are under laid by Precambrian Basement  
Complex rocks (Kebbi State Statistical Year book,2007) 

Climatic conditions : Kebbi State enjoys a tropical type of cli- 
mate, generally characterized by wet and dry seasons. The 
rainfall begins in April with the heaviest rainfall recorded in the 
months of July and August. The cold harmattan period 
characterized by dust laden wind prevails in November to 
January while the months of February and March are ex- 
tremely hot. The mean annual temperature vary considerably 
but usually stand at 42°C. The mean annual rainfall is 500 mm 
(Kebbi State Statistical Year book,2007). 

Phenological observations were made on 16 woody 
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species of the Kebbi state tropical region. Observations were  
made on leaf initiation, leaf fall, flowering and fruiting of  
woody species at  15 day intervals from January,2009 to  
December,2011. A species was considered in a particular  
phenophase when more than 80% of the individuals of that  
species present in the quadrate were passing through that  
phase. However, in the case of rare species, observations were  
made on the basis of individuals present. The observations on  
phenological events were expressed as number of plant spe- 
cies in particular phenophase. Behavioral patterns of plant spe- 
cies were described following Kikim and Yadav (2001). The  
inter phenophase duration for dominant woody tree species  
were calculated following Prasad and Hegde (1986).Brief and  
extended activity indicates the periodicity of leaf initiation  
,flowering and fruiting   activity by individuals of a species.  
Brief activity extends for 2 weeks or less while extended ac- 
tivity refers to periods more than 2 weeks. When 50% or more  
individuals of a tree species are simultaneously in the same  
phenophases it is referred to as “synchronous” activity (S),  
while showing same phenophases during distinct periods is  
known as “asynchronous” (A). On the basis of fruit matura- 
tion activity individuals of a species population are grouped  
into two categories i.e. rapid (r) and lengthy (L). When the  
fruit maturation period is of 4 months or less, it is considered  
as “rapid” activity and when it is more than 4 months than it is  
“lengthy” activity. 

RESULTS AND DISCUSSION 
 

Leaf-initiation : Leaf initiation started in February continued  
up to July-August with a peak in May just before the onset of  
monsoon. Leaf flushing was also a periodic phenomenon in  
all the woody species with considerable temporal variation  
(Table.1). Among the 16 woody species, 40% showed brief  
leaf-flushing activity, whereas 60% exhibited extended activ- 
ity (Table.2). The observations indicated that, phenological pe- 
riodicity of woody species in the Kebbi state were similar in  
leaf flushing, in leaf fall, in flower and in mature fruits. They 
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completed leaf development by July and August. There was a 
complete absence of leaf flushing in most of the plant species 
from September to January. 

Leaf-fall initiation : Leaf-fall initiation was a periodic activ- 
ity in all species, however, the onset of leaf fall initiation is dif- 
ferent in various woody species (Table 2). In most plant spe- 
cies, leaf shedding begins in the month of October with peak in  
November-December.  Launea  coromandelica  and 
Sterculia urens also shed their leaves with the onset of dry pe- 
riod from September onwards. 

Flowering activity : Flowering continued in different woody  
species throughout the year. However, two peak periods of  
flowering were distinguished; the first peak in the month of  
February and April when Anacardium occidentale, Annona  
squamosa, Azadirachta indica, Cassia sieberiana, Khaya  
senegalense, Mangifera indica and Tamarindus indica exhib- 
ited flower initiation in response to increasing length of  
photoperiod. The second peak of flowering was observed in  
May and June when Balanites aegyptica, Cieba pentandra,  
Delonix regia, D.senegalense, P.thonningii and Z.mauritiana  
produced  flowers. The  flowering  activity  observed  in  
A.nilotica  sp.  nilotica,  Adansonia  digitata  and  Guira  
senegalensis in the month of November-December. 

Fruiting activity : The peak period of maturation of fruits  
was September-October in most of the woody species. In com- 
parison to flowering activity, 64% woody species exhibited  
brief fruiting activity ,whereas 36% species showed extended  
activity (Table.2). Out of 16 woody species, 72% showed  
rapid fruit maturation, whereas, 28% had lengthy process of  
fruit maturation. 

The fruit development was shortened, whereas it was  
extended in Acacia nilotica sp. Nilotica, Adansonia digitata,  
Anacardium occidental, Annona squamosa, Azadirachta in- 
dica, Ceiba pentandra, Delonix regia, Daterium sengalense,  

 
Table. 1  The leaf-initiation (Li), leaf-fall initiation (Lfi) and flower-initiation (Fli) in the woody species  

in 2009, 2010 and 2011 in the Kebbi state. 

Species 2009 2010 2011 

Li Lfi Fli Li Lfi Fli Li Lfi Fli 

Acacia nilotica May Dec Aug Apr Dec Jul Apr Dec Jul 
Adansonia digitata May Dec Sep Apr Dec Aug Apr Dec Aug 
Anacardium occidentale Mar Nov Mar Apr Dec Aug Nov Nov Mar 
Annona squamosa Feb Jan Feb Feb Jan Feb Feb Jan Feb 
Azadirachta indica May Dec Feb Apr Dec Feb Apr Dec Feb 
Balanites aegyptica Jul Dec Jun Jul Dec Jun Jul Dec Jun 
Cassia sieberiana Apr Mar Apr Apr Mar Apr Apr Mar Apr 
Ceiba pentandra Feb Dec Jul Feb Dec Jul Apr Mar Apr 
Delonix regia Apr Mar May Apr Mar May Apr Mar May 
Detarium senegalense Jul Jun Jul Jun Jun Jul Jul Jun Jul 
Guira senegalensis Jun Nov Aug Jun Nov Aug Jun Nov Aug 
Khaya senegalense Feb Dec Mar Feb Dec Mar Feb Dec Mar 
Mangifera indica Feb Dec Feb Feb Dec Feb Feb Dec Feb 
Piliostigma thonningii May Dec Jul Apr Nov Jul Apr Nov Jul 
Tamarindus indica Feb Jan Mar Feb Jan Mar Feb Jan Mar 
Ziziphus mauritiana Jun Dec Jul Jun Dec Jul Jun Dec Jul 
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Table. 2  Phenological patterns of woody species in the Kebbi state. 

Species Behavioral patterns 

Leaf drop Leaf flushing Flowering Fruiting 

Acacia nilotica sp.nilotica PD Pe Pes Per 
Adansonia digitata PD Pe Pes Per 
Anacardium occdentale PE Pb Pbs Pcr 
Annona squamosa PD Pb Pbs Per 
Azadirachta indica PE Pb PbA Per 
Balanites aegyptica PE Pb Pes Pbr 
Cassia sieberiana PD Pe Pbs PbL 
Ceiba pentandra PD Pe Pbs PeL 
Delonix regia PD Pe Pbs Pel 
Detarium senegalense PD Pe PbA PcL 
Guira senegalensis PD Pc PbA PcL 
Khaya senegalense PD Pc PcA PbR 
Mangifera indica PE Pb PbA Pbr 
Piliostigma thonningii PD Pc PbA PcL 
Tamarindus indica PD Pc Pbs Pcr 
Ziziphus mauritiana PD Pb PeA Pbr 

(P = Periodic, B = Breif periods, less than 2 weeks per episode, E = Extended periods, equal or more than 2 weeks per episode, 
S = Synchronous, A = Asynchronous, D = Deciduous, E = Evergreen, R = rapid fruit maturation, less than 4 months 
L = Lenghty fruit maturation equal to or more than 4 months). 

Piliostigma thonningii, Tamarindus indica and Ziziphus 
mauritiana. At the community level two peak periods for fruit  
initiation were observed; first during the month of March and  
the second in the month of June. Usually the species in which  
fruit maturation begins during the month of March, fruit  
dehiscence is completed before pre monsoon period and spe- 
cies in which fruit maturation begins during the month of June  
have a lengthy period of fruit retention and their fruit  
dehiscence is completed before the following pre monsoon pe- 
riod. 
 

The tropical dry region of Kebbi state exhibited con- 
siderable diversity in leaf initiation, leaf fall, flowering and 
fruiting activity. However, as per climate of the study site, 
peaks for all phenophases were distinguished due to defined 
wet and dry seasons. Leaf initiation peak in May, may be at- 
tributed to hot months of the year before rains. 
 

Leaf Behavioral patterns in all these woody species,  
leaf drop, leaf flushing, flowering, fruiting towards the end of  
the dry season and before rains has also been observed. This  
may be attributed to the triggering effect of the rising tempera- 
ture (Walter,1968) and increase in length of photoperiods  
(Lawton & Akpan,1968 and Njoku,1964). Borchert et al.  
(2002) also suggested that in dry summer season, the vegeta- 
tive buds of spring flushing stem of succulent species are in a  
state of endo-induced dormancy and terminated by declining  
and  increasing  photoperiod,  respectively. The  role  of  
photoperiod has been confirmed by Rivera et al. (2002) who  
reported that spring flushing in tropical semi-deciduous trees  
is induced by an increase in photoperiod of 30 minutes or less.  
They further suggested that production of new foliage  shortly  
before the rainy season is likely to optimize synthetic gain in  
tropical forests with relatively short growing season. In the  
present study, leaf-initiation in most species was regulated by  
length of photoperiod. The leaf fall was concentrated in cool  
and dry winter months i.e. from November to February. 

Prasad and Hegde (1986) observed a similar pattern of leaf- 
fall in tropical  deciduous  forests  in the Bandipur Tiger  
Reserve, South India. Borchert (1994) suggested that the leaf- 
fall during the dry season was directly influenced by the de- 
cline in soil moisture and increasing water stress conditions.  
The results are also in conformity with Singh and Singh  
(1992) who reported that initiation of leaf fall coincides with  
the onset of the post-monsoon low temperature dry period and  
can  be  a  mechanism  maintaining  turgidity  of  shoots.  
Synchrony type of flowering was quite common in woody spe- 
cies of this forest. Flowering was a brief activity in 50%  
woody species and most of the population of these species ex- 
hibited synchronous activity. As majority of species produced  
flowers during leaf-less phase, which favours wind pollina- 
tion as well as floral display to attract pollinators (Singh and  
Singh,1992). Synchronization of flowering and leaf flushing  
seems to be related to moisture, temperature and day length,  
which is in conformity with observations made by other work- 
ers (Boojh & Ramakrishnan,1981 and Murali & Sukumar,  
1994). Thus fruit dehiscence of tree species coincides with the  
onset of monsoon to allow optimal germination (Frankie et  
al.,1974; Primack,1987; Singh & Kushwaha,2005,2006 and  
Singh & Singh,1992). The pattern of fruiting activity main- 
tains the availability of fruits to herbivores throughout the  
year. 

A strong seasonality exists with respect to vegetative  
and reproductive phenology in tree species of tropical region  
of Kebbi state, Nigeria. Increasing day length and rise in tem- 
perature during the pre-monsoon dry period are probably re- 
sponsible for leaf flush and maturation, while shorter day  
length and decrease in temperature may have induced leaf  
drop during the post-monsoon period. Flowering in two peaks  
is probably driven by change in temperature and synchro- 
nized flowering in the early part of the pre-monsoon dry pe- 
riod may attract the pollinators. Concurrent ripening of fruits  
by majority of species in pre-monsoon period may offer post  
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dispersal advantage for seeds to germinate. Avoiding herbi- 
vore damage and maximum photosynthesis under favourable 
environmental  condition  are  achieved  by  short  inter 
phenophase duration of leaf maturation. 
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