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ABSTRACT 

 

Noteworthy, Melia azedarach Linn. is an indispensable tree species that is utilised in 

various forms. It can be used in craft industries as a substitute for teak wood when the 

supply is reduced. Simultaneously, its leaves, roots, bark, and flowers are used as 

medicines and natural pesticides. Melia azedarach Linn. is traditionally used as 

medicine to treat astringents and furthermore can be used against intestinal worms, 

skin diseases, stomachaches, uterine illnesses, and as a diuretic and febrifuge. In 

addition, it has been reported to possess anticancer, antimalarial, analgesic, and anti-

inflammatory, antifungal, antibacterial and antioxidant activities. 

  

This tree can adapt to different environmental conditions so that it can grow well in 

extensive areas. Melia azedarach Linn. is a plant that grows both on and off the 

riparian zones. Communities in South Africa see less value attached to it to the extent 

that in many places where these trees are found growing, the majority are cut for no 

good reason. Sometimes, the plant species is cut for the construction of fences, kraals, 

or firewood. The main reason for this practice is that much is not known about the 

plant; it could be found de-vegetated anytime.  

 

The study was conducted at Ha-Tshikonelo, Thulamela Local Municipality, Limpopo 

Province, South Africa. Plant phenology and distribution have gained increased 

interest because climatic change is sensitive to phenological traits and their 

consequences for ecosystem function. It is made possible to gather information on 

spatial and ecological scales because of new technologies innovative technologies. 
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Temperature, photoperiod, and winter chilling are examples of plant phenology 

drivers, and competition is included. A smartphone ( Huawei Nova Y60) camera was 

used to take pictures of phenological changes when visiting the on and off riparian 

zones from August 2019 to December 2021. The research aimed to determine the 

different phenophases and distribution patterns of Melia azedarach in riparian zones. 

The Nearest-neighbour method of sampling individuals within a population of plants 

was used for data collection.  

 

The collected data was then analysed using Analysis of Variance (ANOVA). It was 

found that Melia azedarach Linn. is regularly distributed for both on and off-riparian 

areas. Phenophase occurring off riparian zones was found to be occurring earlier than 

in riparian zones. It was found that Melia azedarach Linn. is surviving and flourishing 

in both off and on the riparian zones. On riparian zone individuals were growing bigger 

than those found off the riparian zones because of the abundant supply of resources 

such as water and nutrients.  

Keywords: Melia azedarach Linn., phenology, phenophases, riparian areas, 

distribution. 
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CHAPTER 1. INTRODUCTION 

1.1. Species description 

Melia azedarach Linn species was selected because it was seen flourishing on both 

on and off-riparian zones at Ha-Tshikonelo village. Traditional healers were seen 

harvesting this plant for medicinal purposes and for shade, ornamental, and lastly 

timber. It was also seen as a food supplement to live stocks during drought season 

around the village and surrounding areas. Melia azedarach Linn. is a member of the 

Meliceae family and attracts traditional healers for their well-known limonoids or 

meliacins and other bitter and biological activities (Oyedeji-Amusa et al., 2021). 

 

Melia azedarach Linn. is native to tropical Asia belongs to the Meliaceae family and is 

also native to many other countries. It is widely spread in the tropics and subtropics 

(Al-Rubae et al., 2009). Deciduous Melia azedarach Linn. is fast-growing and shade-

intolerant with leaves and fruits that have insecticide compounds. It is harvested for its 

high-quality wood properties, making it a popular species to cultivate. According to 

(Jhou et al., 2017) Melia azedarach Linn. possesses a shallow root system. Due to the 

notion of owning a shallow root system, the plant species is found to be hard and 

drought resistant. 

 

In terms of height, Melia azedarach Linn. can grow to heights of 5 - 15 m and a stem 

diameter of 110 m2. Some of the attributes of Melia azedarach Linn. are that it is an 

ornamental tree and provides shade with lateral branching. Ferny foliage turns yellow 

in autumn. Leaves are dark green (Figure 1.1(b)) on the upper surface and pale green 
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underneath. When these leaves are crushed, they produce a pungent smell. Flowers 

are lilac coloured and fragrant (Figure 1.1(a)). Fruits are green and turn yellow when 

ripe (Figure 1.1(c)) (Voigt et al., 2019). 

 

Figure 1.1(a,b,c): Lilac flowers, green leaves, and green and brown ripening fruits of      

Melia azedarach Linn. 

 

Melia azedarach Linn. has 5 to 6 ovaries, with small fruits of not more than 2 cm in 

length, the inflorescence length is often of leaf length (figure 1.2(a)). Fruits are large 

but not more than 3 cm in size. It is distributed in mixed evergreen, broad-leaved, and 

deciduous forests and sparse forests, field margins, and alongside roads (Chen and 

Xu, 2012). It is monoclinous, and the first flower occurs 2 to 3 years after germination. 

Wind and animals are the pollination agents of these seed dispersal is promoted by 

birds or by gravity (Chen and Xu, 2012). 

 

C 

A 

B 
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In most of the publications, it is called China berry, Persian lilac, Pride of India, White 

Cedar, cinamomo in Brazil (Cavusoglu & Sulusoglu, 2015), Zanzalacht in Jordan (AL-

Rubae, 2009) and Mindi in Indonesia (Syamsuwida et al., 2012). Phenological and 

morphological features are expected to change in climatically and geographically 

different areas because of the wide range of distribution (Cavusoglu & Sulusoglu, 

2015). Melia azedarach Linn. is adaptable to all types of soil. It can survive in the 

tropics and warm temperate areas (Florido et al., 2002).  

 

Melia azedarach Linn. is used in craft industries as a substitute for teak wood when 

the supply is reduced. However, its leaves, roots, bark, and flowers are used as 

medicines and natural pesticides. This tree can adapt to different environmental 

conditions so that it can grow well in extensive areas (Chen et al., 2012). All parts of 

the plant, namely leaves, roots, stems, barks, fruits, seeds, and flowers have 

traditional uses (Mishra et al., 2013). 

 

Melia azedarach Linn. is traditionally used as medicine to treat astringent (Sen et al., 

2012), and used against intestinal worms, skin diseases, stomachache, uterine illness, 

and as a diuretic and febrifuge (Khan et al., 2001). It has been reported that it owns 

anticancer, antimalarial, analgesic, and anti-inflammatory activities (Vishnukanta & 

Rana, 2010), as well as antifungal, antibacterial, and antioxidant activities (Sukirtha et 

al., 2012).  

 

It is widely distributed and has an economic value in the development of botanical 

pesticides, timber, bioremediation in urban industrial districts, and a combination of 
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forestry and agricultural uses (Xu et al., 2010). In China, it has an economic value 

concerning the development of botanical pesticides, timber, and a combination of 

forestry and agricultural uses (Sharma et al., 2012). Melia azedarach Linn is an 

ornamental plant (Figure 1.2) and furthermore, can be used as a windbreaker for 

agricultural purposes and reforestation projects. The leaf extracts have insecticidal 

properties that repel insects in clothing. The leaves can be used as a source of food 

for the goats. Seed oils are used to treat antiseptic sores, ringworms, and ulcers which 

show no tendency to heal (Florido et al., 2002). 

 

Chen and Xu (2012) showed that the change in the rate and direction of plant 

phenology in response to climate change are diverse, depending on geographical 

locations, time scales, and species. Zheng et al. (2004) describe phenology as the 

sensitive and easily observable indicator of climate change and as having different 

ecological implications. According to Dai et al. (2012) phenological study helps us to 

understand the interaction between vegetation dynamics and climate systems not only 

by measuring the effects of global climate change on the phenology of plants. The 

natural distribution of Melia azedarach Linn. is uncertain but is thought to be native to 

Asia but has long been cultivated throughout the Middle East. It is widely extended 

from northern Queensland to new southern Wales, mostly within 100 km of the coast 

(Turnbull & Doran, 1997). The habitat of this species is the lowland and highland 

rainforest. 

 

The distribution of Melia azedarach Linn. in Thailand is associated with mixed 

deciduous forests. In Australia, it is mostly distributed as single and scattered trees in 
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or on the margins of rainforests (Turnbull & Doran, 1997). In South Africa, it is the 

invader of savanna, wastelands, riparian corridors, and urban open spaces (Voigt, 

2019). It is also found in the episodic riverbank, sandy areas, moist drainage lines, 

and mining areas (Brown et al., 1986). In Tanzania, it is naturalized in lowland tropical 

forests. Alongside the roads, fences, floodplain woodlands, and upland woods were 

reported in the USA (Langeland & Burks, 1998). 

 

Melia azedarach Linn. is associated with seasonal forests, not excluding thickets and 

woodlands (Ahmed and Idris,1997). It is widely distributed as single and scattered 

trees in or on the margin of a closed forest. In Queensland, it is found in rain forests 

while in Wales it is commonly found in riverine, dry and rain forests (Turnbull and 

Doran, 1997).  
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Figure 1.2: Picture showing Melia azedarach species.  

 

1.2. Problem statement 

 

The majority of Melia azedarach Linn. species were found chopped for the 

construction of fences, cattle, and goat kraals, and some were stacked behind the 

houses, ready to be utilised as firewood. Most alarmingly, this frightening problem 

triggered the study of the distribution of Melia azedarach Linn. on and off riparian 

zones of the selected study area. It is vital to understand their distribution and their 

phenological pattern because the tree is seen flourishing at the riparian zones as 

compared to the off-riparian zones. Researchers have used numerous techniques to 

observe how phenology shifted in recent decades such as species-level observation 
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(Cleland et al., 2006), satellite remote-sensing of ecosystem production (Zhou et al., 

2001), atmospheric monitoring of carbon dioxide (Randerson et al., 1999). Most of 

these techniques found a correlation between summer phenology and rising 

temperatures in recent decades but different results in the growing season (Estrella & 

Menzel, 2006). Phenology is a dominant and overlooked aspect of plant ecology, from 

the scale of the individual to the whole ecosystem (Cleland et al., 2006). The timing of 

phenological changes is a major determinant of species distribution and plant 

production (Vitasse et al., 2011). The temperature changes that are relevant to the 

distinct phases of plant development are represented by phenoclimatic measures. In 

tropical ecosystems, phenology might be less sensitive due to temperature and more 

tuned to shifts in precipitation (Morellato et al., 2010).  

 

According to Convertino et al. (2014), species are declining due to habitat degradation 

and loss for recreational activities and infrastructure development, and this possibly 

enhances the variation of adverse biological processes in a particular ecosystem. 

It is important to check what could be the drivers and the influence of their phenology 

and distribution. Despite many reports that clear the important uses of Melia 

azedarach Linn., people in the current study area are unaware of such indispensable 

uses. Therefore, education on their uses is necessary to mitigate the de-vegetation of 

this plant species. 

 

1.3. Research questions 

Three research questions were drawn during this study:  
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• What are the distribution patterns of Melia azedarach Linn. found on and off the 

riparian zones of Ha-Tshikonelo village? 

• What are phenological behaviours of Melia azedarach Linn. found on and off 

the riparian zones of Ha-Tshikonelo village? 

• Are there any similarities or variations of the phenophases of Melia azedarach 

Linn. growing on and off the riparian zones of Ha-Tshikonelo village? 

 

1.4. Study Objectives 

 

• To determine the distribution pattern of Melia azedarach Linn. on and off the 

riparian zones. 

• To establish the phenological behaviours of Melia azedarach Linn. on and off 

the riparian zones. 

• To investigate any variations or similarities of the phenophases of Melia 

azedarach Linn. on and off the riparian zones.  

 

CHAPTER 2. LITERATURE SURVEY 

2.1 Theories on species distribution 

Melia genus of the Meliceae family is composed of about 20 distinct species in the 

world and is mostly distributed in the eastern hemisphere in tropical and subtropical 

regions. According to Liu (et al., 2010) Melia azedarach L., Melia azedarach var. 

japonica, Melia volkensi, Gurke and Melia toosendan sieb et Zucc had received more 

attention because of their medicinal and ornamental uses. 
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The natural distribution of Melia azedarach Linn. is uncertain but is thought to be native 

to Asia but has long been cultivated throughout the Middle East. It is widely extended 

from northern Queensland to new southern Wales, mostly within 100 km of the coast. 

The habitat of this species is the lowland and highland rainforest. The distribution of 

Melia azedarach Linn. in Thailand is associated with mixed deciduous forests. In 

Australia, it is mostly distributed as single and scattered trees in or on the margins of 

rainforests (Thakur et al., 2016). In South Africa, it is the invader of savanna, wetlands, 

riparian corridors, and urban open spaces (Voigt, 2019). It is also found in the episodic 

riverbank, sandy areas, moist drainage lines, and mining areas (Brown et al., 1986). 

In Tanzania, it is naturalised in lowland tropical forest. Occurrences of this species 

were reported alongside the roads, fences, floodplain woodlands, and upland woods 

in the United States of America (USA). Melia azedarach Linn. is associated with 

seasonal forests, not excluding thickets and woodlands (AL Rubae, 2009: Maciel et 

al., 2006). 

 
There are vast anthropogenic drivers that contribute to species distribution, such as 

eutrophication and habitat loss in oceans, disturbance, fire regimes, and mining in 

terrestrials (Brown et al., 2011). Tree growth and distribution are indicators of climatic 

variables that are driving tree phenology and their sensitivity (Vitasse et al., 2011). The 

growing season of the tree species depends on temperature (Zhang et al., 2004). It is 

assumed that spring temperature plays a key role in tree species bud bursts in boreal 

and temperate zones (Vitasse et al., 2011). On the other hand, geomorphological 

modification of some parts of the plants will influence species in terms of distribution 

and abundance. However, these changes will alter how animal and plant biodiversity 

distribution patterns behave in both terrestrial and marine ecosystems.  
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2.2 Measurement of species distribution 

 

Plant community appearance is critical to the coexistence of different plant species of 

different forms and the maintenance of biodiversity. The notion of plant community 

aggregation has been debated by ecologists from all over the world for more than a 

century (Jiang et al., 2021) to address the involved contributing factors. Most 

importantly, a more accurate understanding of the mechanisms of plant community 

distributions involves consideration of multiple factors in the discussion of their effects 

(Jiang et al., 2021).  

 

The so-called species Beta diversity mechanism which simply indicates variations in 

plant community composition in a particular space or time (McCain and Beck, 2016; 

Ulrich et al., 2017) is useful in determining species distribution in an ecosystem. 

Furthermore, the species Beta diversity provides a clear understanding of species 

aggregation within a community. Presently, environmental factors such as niche 

processes and neutral processes individually affect the species distributions (Jiang et 

al., 2021). Climate change is one of the natural factors that influence the distribution 

of plant species (Dormann, 2007) (Figure 2.1), however, the measurement of species 

distribution should be based on most extreme individuals rather than variables that 

present the distribution of individuals in a population because this may lead to very 

different estimates of climate change response rates (Dormann, 2007).  
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Figure 2.1: Some of the factors affecting distribution of plant species (Arise, 2021 

accessed on the 31 July 2023).  

 

Other species distribution models available presently are built on site-specific 

population characteristics across a large area under assumptions of genetic uniformity 

(Chuine et al., 2003). Additionally, Wang et al. (2006) reported that coastal populations 

respond hugely in diverse ways because they are affected by most biological 

processes of marine, terrestrial and riverine ecosystems. 

 

2.3. Drivers of species distribution 

Human-induced climatic change is one of the most major influenceable drivers of 

change in the distribution of timing of biological events and biodiversity (Parmeson & 

Yohe, 2003). Phenology is affected by global climatic change in the environment.  

Factors influencing world 
distribution of Plants and Animals

Naturally 
caused

Climate

Edaphic

Human made

Destructive steps

Topography

Constructive steps

Hydrospheric
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2.3.1. Factors affecting tree phenology 

Global climate change is reported to affect the aspect of plant life strategies (Walther, 

2003). Zhang et al. (2004) highlighted that more focus should be on phenology 

because it is a sensitive, easily observable, and integrated indicator of changes. 

Energy, moisture exchange, and seasonal carbon exchange are caused by seasonal 

shifts of phenophases and next changes in growing season length (Dai et al., 2012). 

Williams et al. (2021) describe phenology as the timing of seasonal events such as 

flowering, leafing, and fruiting in plants, and seasonal migration in animals. 

 

Chen and Xu (2012) proved that the change in the rate and direction of plant 

phenology in response to climate change are diverse, depending on geographical 

locations, time scales, and species. According to Dai et al. (2012) phenological study 

helps us to understand the interaction between vegetation dynamics and climate 

system not only by measuring the effects of global climate change on the phenology 

of plants. Zhu et al. (2006) explain phenotypic plasticity as the ability of a genotype to 

produce distinct phenotypes when exposed to different environments during its 

ontogeny. Plants respond to variations in resource availability by changing their 

morphology and growth characteristics (Maherali et al., 2001). An understanding of 

phenological shift occurrence is needed (Dunnell & Travers, 2011) as it will aid with 

knowledge about the understanding of species distribution. Changes in morphology 

and growth traits that occur in plants in response to variations in resource availability 

are known to be vast (Zhang et al., 2004), hence resulting in distribution variations.  

2.3.2. Measurement of tree phenology 
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Phenology can be measured by censusing a population throughout a season to 

determine the peak of the season in that population. Measures of phenology based on 

most individuals rather than variables present distribution of individuals within a 

population may lead to different estimates of climate change response. Single 

individuals may by chance have extreme responses and measurements using a single 

individual are susceptible to detection of biasness (Brown et al, 2006).  

 

The phenology of deciduous is sensitive to variations in inter-annual climate and are 

useful indicators of climate change impacts. From regional to global extent, satellite 

remote sensing data has been effectively used to capture terrestrial phenology over 

time. Land surface phenology is viewed as the cumulative response of many individual 

organisms within each remote sensing pixel in combination with other land surface 

changes and different than field-based observation of individuals (Elmore et al., 2016). 

Satellite remote sensing at moderate resolution is used to provide daily observation of 

land surface properties at a spatial scale compatible with the size of the footprint of 

the eddy covariance observation site. Consequently, it has become a more vital data 

source for the study of the phenology of vegetation (Brown et al., 2011). 
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CHAPTER 3. METHODOLOGY 

3.1.  Description of the study area, location, municipality, latitudes, 

longitudes, and maps 

The study was conducted at Ha-Tshikonelo, Thulamela municipality, Limpopo, South 

Africa. Thulamela municipality is one of the four local municipalities in the Vhembe 

district of the Limpopo Province. (Figure: 3.1.) shows the province of Limpopo, 

Vhembe district, and Thulamela municipality boundaries within South Africa. Light grey 

shows Limpopo province from South Africa (bottom map), brown shows Vhembe 

district (middle map), green borders (top map) show Thulamela municipality and on 

the left, the dot shows Ha-Tshikonelo village and Luvuvhu river is shown by blue lines. 

The municipality is situated in the eastern subtropical region of the province and the 

climatic conditions are generally hot and humid. It receives much of its rainfall in 

summer from November to March (Kabanda, 2004). The study site is characterised by 

the dry season in the months of March to September. The average temperature ranges 

from 35oC in summer and 18oC in winter (Nethengwe, 2007). The considered riverine 

study area was a riparian zone on perennial river called Luvuvhu and off riparian area 

was far away from the river towards Tshikonelo homestead with GP co-ordinates 

22o53`40.2”S 30o44`14.4”E. Vegetation is a tropical dry deciduous forest dominated 

by many savannah big trees such as Burkea africana, Dichrostachys cineria, Ficus 

sycromorus,  and Combretum imberbe. The soil found in riparian areas is sandy and 

black clay whereas the one found in the off-riparian area is loamy.  
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Figure 3.1: Map showing the study area of the research.  

 

3.2. Vegetation types 

 

The current research was conducted in a Savanna biome characterized by trees and 

grasses. The land is mostly flat with a transitional climate. The prevailing climate is 

said to be transitional because sometimes it switches between wet periods and dry 

periods. The rainfall is seasonal, and the study area receives more rain during the 

summer season. The land is very dry during winter due to the scarcity of rainfall.  
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Figure 3.2: A picture showing savanna biome. Source: 

(https://www.google.com/search?q=savanna%biome) 

3.3. Data collection methods. 

 

3.3.1. Description of research design 

 

The research is quantitative because measurements of parameters such as canopy 

cover, stem circumference, and tree height were recorded. According to Burns and 

Grove (2005), quantitative research should be formal, objective, and rigorous and 

consider the deductive approach as well as systematic strategies to refine knowledge 

for solving problems. To reach solutions to problems, the design of the entire should 

be either experimental or non-experimental to obtain correct, valid, and reliable 

measurements of researched parameters (Rahman, 2017).  
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3.3.2. Sampling of individual tree species 

 

Random sampling was used on riparian zones of the Luvuvhu River, while a purposive 

approach was employed for sampling individuals growing away from the riverine zone. 

The reason for the purposive sampling approach for away riverine zones is that plants 

were found scattered in homesteads because of human disturbances. The quadrats 

technique was used to measure the species distribution and other parameters. 

Random sampling was utilised to avoid bias. Ten 20x20m quadrats were constructed 

to measure parameters such as canopy cover, stem circumference, and heights. For 

the construction of the remaining quadrats, a 10m distance was the distance between 

all the 10 quadrats of this study. A coin was used to decide the direction of the next 

quadrant. The head side of the coin stood in the west direction, and the tail side stood 

in the east direction. During the sampling of Melia azedarach Linn. for both on and off-

riparian zones, all Melia azedarach Linn. species met in the quadrats were measured, 

however, only 40 individual Melia azedarach Linn. species were marked for further 

investigation in each study site.  

 

As mentioned before, the parameters considered for this study were canopy cover, 

stem circumference, and heights, therefore, the measuring tape and height meter rod 

were used, respectively. The stem circumference was measured at 1.2 m above the 

ground and the heights of the plant individuals were measured using a height meter 

rod placed next to the tree. Two people, one at one end of the canopy and the other 

at the other end of the canopy, extended the tape and recorded the length of the 

canopy cover. Two measurements were recorded and then averaged to determine the 
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canopy cover. The data was used to determine whether the tree members were 

scattered irregularly, scattered regularly, or they are in clusters. 

 

Furthermore, the nearest neighbour approach was employed to determine the 

distribution patterns of Melia azedarach Linn. in two study regions of the study area. 

Plant species were chosen at random and tagged for future reference from the on and 

off riparian zones, and the distance between the two closest neighbours was 

measured. The diameters of their stems, heights, and canopy coverings were also 

measured. The study was conducted at Ha-Tshikonelo, Collins Chabane, Vhembe 

district, Luvuvhu River, which is on a riparian zone, and Tshikonelo homesteads were 

off riparian. 40 trees were selected for each study area. Ten 20x20m quadrats were 

laid down to gain quantitative information randomly across each study area. Stem 

circumference, height, and canopy cover for each species were calculated as per 

Curtis (1950). 

 

3.3.1. Description of research design 

The research is quantitative because data collection methods were used in the field to 

obtain data for the research such as canopy cover, stem circumference, and tree 

heights. 

3.3.2. Sampling of individual tree species 

3.3.2.1 Construction of quadrats 

On riparian zones of the Luvuvhu river, random sampling was used. Quadrats were 

created and 10m was considered as a distance between all the constructed quadrats 

of this study. Shortest distances from the quadrat’s edges were considered for the 
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choice of 40 individual tree species which were marked for further data collection. 

Finally, a total of four individuals were marked in each of the ten constructed quadrats. 

A purposive approach was followed in the off-riparian zones since the plant species 

were not found in all the homesteads of the study area. The feasibility of this approach 

depended on the willingness of the homestead owners as some were not interested 

in cooperating with the researchers during the first visits. 

 

3.3.2.2 Determination of the distribution pattern of Melia azedarach Linn. 

The distribution patterns of Melia azedarach Linn. in the study region were determined 

using the nearest neighbour approach. Plant species growing outside and inside the 

15 homesteads of Ha-Tshikonelo village were selected randomly and the distance 

between the two closest neighbours was measured. The stem diameters, heights, and 

canopy covers were also measured using a measuring tape and a height rod. 

 

The stem diameters were measured using the diameter tape at 1.2 m above the 

ground, and the heights of the plant individuals were measured using a height meter 

rod placed next to the tree. Two measurements of the diameter of the tree canopy 

were averaged to obtain the length of the canopy cover. The data was used to 

determine whether the tree members were scattered randomly, regularly, or in clumps. 
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3.3.3. Phenological observation 

The forty tree species that were selected for measurements of stem circumference, 

canopy cover, and heights were used to check the phenological aspects. The 

phenology of fruiting, flowering, budding, abscission, and leaf yellowing was studied 

during different seasons. During the observation period, phenological data were 

collected using the photography research method, in which pictures of plant 

phenophases were captured using a smartphone (Huawei Nova Y60) for every visit to 

the two study sites. The notion of using photographs for a better understanding of tree 

phenology has been supported by Vierling et al,.1996 in Jonsson 2012 who stated that 

for the past three decades, remote sensing using satellite and aerial photographs has 

been a popular technique to study phenological events of plant species.  

Subsequently, for further and objective understanding of periods of leaf emergence, 

start of senescence, and dormancy proper monitoring using digital repeat photography 

with its high temporal resolution (Ahrends et al., 2009) is needed. Photographical 

research methods aid researchers in having a higher understanding of complex and 

extended activity chains, events flow firsthand, and reproduce further information and 

discussion (Buchanan, 2001). So, Crimmins and Crimmins (2008) argued that 

repeated photography is effective in capturing traditional phenological events 

information such as first date of flowering and senescence.  

 

3.3.4. Data analysis 

The Analysis of Variance (ANOVA) single factor was used to compare if there are any 

significant differences between canopy cover, heights, and stem circumferences of 

plant population growing from the two study sites. To decide the distribution pattern of 
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Melia azedarach Linn. of the two study sites, a method applied by Clark and Evans 

(1954) was used. The distribution ratio coined by Clark and Evans (1954) was used to 

determine whether the plant individuals are scattered irregularly, scattered regularly, 

or appear in clusters. The formula used to determine the distribution pattern is: 

 

Where ṝA is the mean of series distance to the nearest neighbour and ṝE is the mean 

distance to the nearest neighbour expected in an infinitely large random distribution of 

density.  

The density was calculated as the number of individuals per unit area. The distribution 

ratio is equal to the mean or average between the Melia azedarach Linn. tree divided 

by half the square root of the total numbers of the tree as repeated by the formula. In 

cases where the R-value is equal to 1, the population is scattered irregularly; if R is 

greater than 1, the population is scattered regularly; and if R is less than 1, the 

population is distributed in clusters. ANOVA was used to determine if there were any 

significant differences among the distances between tree population individuals in both 

study sites. 
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CHAPTER 4. RESULTS AND DISCUSSION 

4.1. Distribution of Melia azedarach 

4.1.1. Determining the structure of Melia azedarach by measuring the canopy 
cover, stem circumference, and height. 

 

The results showed that stem circumferences for riparian trees are thicker than those 

off riparian zones. The difference in circumference sizes could probably be due to 

variations in soil moisture supply between the two areas (Table 4.1.1.a and Figure 

4.1.1). In areas where soil moisture supply is favourable plants would generally be 

found to be surviving well than where soil moisture is limited.  

Stem circumference and tree height of plant individuals are vital when examining the 

species distribution in disturbed areas (Helm & Witkowski, 2012). Stem circumference 

is more useful than height because fire and herbivory cannot damage the height tree 

sizes. Abundant seedlings and juveniles compared to adults are interpreted as a 

healthy or stable potentially growing population while scarcity of seedlings and 

juveniles shows a declining or unstable plant population (Condit et al.,1998). 

 

Table 4.1.1.a: A summary of the statistical analysis of the stem circumferences 

between M. azedarach Linn. individual on and off riparian zones. 

Study area Count Sum Average variance F P 

On riparian 40 2034,4 49,61951 1,90911 42,59 p<0,05** 

Off riparian 40 1868,7 45,57805 0,762256 
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Figure 4.1.1: Comparison of average stem circumference of M. azedarach Linn. on 

and off riparian zone 

The heights of Melia azedarach Linn. plant population in riparian zones were much 

taller than those found in the off-riparian zones, this was probably due to sufficient 

water supply to the riverine plants than those on the off-riverine areas. Possibly, the 

dense nature of the riparian zone vegetation could stimulate or lead to Melia 

azedarach Linn. individuals to grow taller so that it becomes easy to have access to 

sunlight which is necessary for photosynthesis (Table 4.1.1b and Figure 4.2).  

 

Tree heights of different species are affected by the vertical gradient in light availability, 

vapour pressure deficit, air temperature, hydraulic resistance, and gravity on water 

transportation (Ambrose et al.,2016), temperature, rooting depth, precipitation, and 

soil type are key factors that determine plant heights across biomass (Rueda et 

al.,2016) Tropical Forest trees increase area based photosynthetic capacity to 

increase tree heights. Taller trees are associated with greater hydraulic stress, higher 

water-use efficiency, and an elevated level of thermal tolerance (Fauset et al., 2018). 
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The difference in tree heights between various regions is influenced by hydraulic 

limitations. Natural disturbance (wind throw, drought and anthropogenic action 

increases mortality and limits available time for tree to grow taller (Almeida et al., 

2019). 

 

Table 4.1.1.b: A summary of the statistical analysis of the tree heights between M. 

azedarach Linn. individual on and off riparian zones. 

Study area count sum average variance F P 

On riparian 40 354,1 8,636585 0,883378 17,37 p<0,05** 

Off riparian 40 300,3 7,32439 0,26089 
  

 

 

Figure 4.1.2: Comparison of average heights of M. azedarach Linn. on and off riparian 

zones. 

Canopy covers were found to be broader on the riverine areas than away riverine 

areas and the same argument of more water supply near the riverine areas than further 

away from the riverine areas is apparent (Table 4.1.1.c and Figure 4.1.3). The factor 

of nutrient availability was not investigated but because along riverine areas the 
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vegetation was dense with substantial number of debris, it may be possible that 

nutrients were more on the riverine areas than further away riverine areas and hence 

this could have contributed to the bigger-sized canopy covers of Melia azedarach Linn. 

growing thereof.  

 

Holdo and Arnorld (2012) is in concurrence with this observation as they reported the 

directly proportional relationship between nutrient amounts and plant canopy size 

covers. The latter implies that nutrients availability could be one of the plant population 

structure determinants. It was found that tree canopy covers across amazon were 

related to various environmental variables. Amount of cloud free days, wind speed, 

clay soil content elevation and seasonal temperatures are most relevant to the canopy 

covers (Gorgens et al., 2020).  

 

 

Table 4.1.1.c: A summary of the statistical analysis of the canopy cover between M. 
azedarach individual on and off riparian zones. 

study area count sum Average variance F P 

On riparian 40 448,7 10,9439 0,748524 31,36 p<0,05** 

Off riparian 40 340,3 8,3 0,303 
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Figure 4.1.3: Comparison of average canopy covers of M. azedarach Linn. on and off 

riparian zone. 

 

Canopy covers, basal circumferences, and tree heights differ in soil nutrient 

availability. Biotic and abiotic factors that have acted on the past and present 

individuals of the population had an impact on the size structure of the plant population 

(Bullock et al.,2012). The knowledge of species population size structure gives 

information about the relationship between the species and its environment. 

 

 

4.1.2. Determining the distribution pattern of Melia azedarach Linn. of on and 
off riparian areas using the nearest neighbour method. 

 

When determining the distribution pattern of Melia azedarach Linn. plant population of 

the two study sites on and off the riparian zones, the results showed that the 

populations are regularly distributed since the distribution ratio (R) was found to be 

greater than 1. The distribution ratios of distances between neighbours of the on and 

off riverine zones were found to be 1.25 and 2.36 respectively (Table 4.1.2a).  

 

Table 4.1.2a: Table showing average distances of Melia azedarach Linn. 
between tree trunks and R value of both study sites. 

Study Area N Average(m) R P 
On riparian 39 12,70976 1.25 p<0.05** 
Off riparian 39 17,13171 2.36  
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The results in both study areas (on and off the riparian zones) showed that the Melia 

azedarach Linn. population is regularly distributed, and it could be due to the individual 

plant sizes of the trees that were studied. The distribution pattern of plant species can 

be determined by competition between species and such causes stress between them 

(Craine & Dybzinsky, 2013).  

 

The temperature of the study area is relatively high during the dry periods of the year, 

and such may not be favourable to allow plant species to grow in a clumped fashion. 

Hence, their regular distribution should be expected (Hamidou et al., 2014).  

Even though the distribution indexes of on and off riparian zones revealed that the 

populations are normally distributed statistical results revealed substantial variations 

in plant population distances (Table 4.1.2b). 

 

4.2. Phenological behavior of M. azedarach. 

4.2.1 Phenophase occurred in the riparian area and off riparian areas during different 

seasons (winter, autumn, summer, and spring). 

Spring season (August-September) 

The phenohases of the on and off-riverine areas are presented in Table 4.2.1. The 

phenophase of regeneration occurred during the spring season from early August to 

September, and the peak of the regeneration season occurred in August (shown by X 

in Table 4.2.1). Some of Melia azedarach Linn. individuals had already shed all the 

leaves during the spring season for both the study areas. During this period most of 

the Melia azedarach Linn. individuals were seen releasing shoots, and the 
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development of small leaves was also apparent (Figure 4.2.1). Even though leaf 

regeneration was seen in spring, some of the scholars illustrate an overlap in the 

phenophases of the same plant species. For example, Zhang et al. (2014) studied the 

phenological events of Melia azedarach Linn. and reported that the production of leaf 

buds happens during late winter and early spring. 

 

Furthermore, folded flowers started to show on Melia azedarach Linn. Individual plants 

that were sampled from both the on and off -riparian zones (Figure 4.2.2). However, 

the flowering times differed slightly because riverine samples started to flower in the 

month of August whereas the off-riparian area samples started flowering in July. Most 

of the off-riparian Melia azedarach Linn. Samples retained fruits from the previous 

year, while all Melia azedarach Linn. individuals of the riparian areas had shed fruits. 

It is not astonishing to observe this pattern simply because the riparian zone promotes 

the well-being of diverse organisms including birds and small rodents that may rely on 

the fruits of Melia azedarach Linn. for nutritional purposes. Individuals that are growing 

off-riparian zones are more advantageous or are conserved because herbivores and 

other organisms that might want to feed on edible parts of the species are prevented 

by human beings. 

Table 4.2.1: Principal growth stages (phenophases event) of Melia azedarach Linn. 

on and off the riparian zones and the timelines of the year at Ha-Tshikonelo.  
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Seasons   month of the year      
Regeneration      X         
Flowering phase    X        
Fruiting phase         x x     
Fruits ripening x X            
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Leaf yellowing x X             
Leafshedding   X x             
Senescences x             
Beginning of 
dormancy    x x           
Full canopy cover     x x      
Leaf greening        x x      
    on the riparian zones      

 M
ar

ch
 

Ap
ril

 

M
ay

  

Ju
ne

 

Ju
ly

 

Au
gu

st
 

Se
pt

em
be

r 

O
ct

ob
er

 

N
ov

em
b

er
 

D
ec

em
b

er
 

Ja
nu

ar
y 

Fe
br

ua
r

y 

Regeneration      X        
Flowering     X X       
Fruiting        x x      
Fruits ripening x X              
Leaf yellowing x X              
Leafshedding   X x           
Senescences x x           

Dormancy    x x           
Full canopy cover     x x      
Leaf greening      x x      

 

 

Figure: 4.2.1: Regeneration of new shoot on Melia azedarach Linn. growing on the 

off-riparian zone. 
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Figure:4.2.2: Indication of folded flowers of Melia azedarach Linn. growing on 

riverine zone. 

Melia azedarach Linn individuals on the riverine areas started fruiting in late spring 

compared to the off-riparian Melia azedarach Linn. individuals. In some other 

instances, phenological events can be dependent on climatic conditions. This notion 

is also echoed by Wolkovich (2012) when indicating the numerous effects of climate 

change on the spring phenology of temperate plants. On the other hand, a temperature 

rise resulted in earlier leafing, flowering of plants, fruit ripening, and earlier emergence 

of migration insects (Menzel, 2006). Since there is a direct proportional relation 

between an increase in light intensity and an increase in temperature. Menzel, (2006)’s 

argument of an increment of leaf bud bursting in spring is valid. A similar trend was 

observed with the results of this study because the leaf bud bursting increased with 

an increase in day temperatures.  
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Additionally, Williams et al. (2021), alluded to the fact that phenological response 

across a variety of plants has resulted from an increase in temperature and often has 

led to the early onset of spring events such as earlier flowering. However, these 

environmental conditions do not affect all species since some species have shown 

delays (CaraDonna et al., 2014) due to different tolerance strategies. Similarly, the 

rising spring temperature outweighs the possibility of delaying the impact of winter 

warming cases because a substantial proportion of plants have shown advanced 

phenology (Yu et al., 2010). 

 

The newly emerged leaves took about one to two months to the full maturity. The 

average length and width of the fully-grown leaves on the riparian zones were 4,81cm 

and 1,91cm respectively, while off the riparian zones were 3,97cm and 1,79, 

respectively. Variations in plant leaf sizes growing between on and off-riverine areas 

could be ascribable to the differences in the amount of water and leaf litter between 

the two study sites. An abundant water supply and nutrient amount in the form of litter 

is necessary in determining different plant parts' growth and development. 

Overall, both the on and off-riparian zone samples took two to three months to 

complete the reproductive process (i.e., flowering, pollination, and fruiting). These 

results are in concurrence with the results of the study conducted by Menzel et al. 

(2012) which indicated that Melia azedarach Linn. spent two to three months to 

complete its reproductive cycle which comprises the development of flower bud and 

fruit formation. Moreover, the results of the study by Bajpai et al. (2012) reported 

similar responses of a distinct species (i.e., Shorea robusta) which also took three to 

four months until completion of the reproductive cycle. Nevertheless, a slight 



32 
 

difference was observed because the reproductive period for this species happened 

between March and June whereas the reproductive months for the species of the 

current study were from July to September. Spring phenology of both plants and 

insects can be affected by winter temperature and duration (Stalhandske et al., 2015). 

Echoing the discrepancies shown from the two species indicated in the above 

argument, Borchert et al. (2004), argue that flowering phenophases differ from one 

species to the other and various environmental cues such as periodic rainfall and soil 

water availability trigger the flowering process (Borchert, 2000) resulting to a certain 

pattern of the entire reproductive cycle of a particular plant species. 

 

Summer (November-February) 

During the summer season, leaf greening and full canopy covers phenophase 

dominated the season ranging from November to February, during November and 

December leaves were fully green in all Melia azedarach Linn. on both on and off 

riparian zones (indicated by X). A full canopy covers of Melia azedarach Linn. 

individuals were observed for both on-riparian and off-riparian zones (Figure:4.2.3). 

There were no fruits from previous years found on the trees and the ground from the 

riparian zone trees, whilst on the off riparian yellow fruits from previous years still 

hanging on the Melia azedarach Linn. individuals. 

 

Melia azedarach Linn. of the riparian zones were mostly green and very few yellow 

leaves (Figure 4.2.4) during mid-summer in December. Fruits were fully green and 

fully grown and still on the tree (Figure 4.2.5). During late summer in February, fruits 
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were starting to get ripe (yellowing) (Figure 4.2.4), and leaves were yellowing in the 

on-and-off riparian zone.  

 

 

4.2.3: Full canopy cover Melia azedarach Linn. Observed on the off riparian zones 
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Figure: 4.2.4: Leaf yellowing of Melia azedarach Linn. the on riparian zones 

 

Figure: 4.2.5: Fully green and fully grown fruits and leaves of Melia azedarch Linn. of 

the off riparian zones.  

 

The current research findings showed the emergence of bud bursting, blooming, 

leafing, and canopy formation to occur in summer which is in line with what Chen and 

Xu (2012) observed in their study. The canopies in both on and off-riverine zones were 

fully covered with green leaves during the summer months which was probably 

because it was a rainy season favouring regeneration and full growth of vegetation in 

both zones.  

 

Autumn (March- May) 

During the autumn season, ripe fruits were observed (Figure 4.2.6) of the Melia 

azedarach Linn. individual for both on-riparian and off-riparian areas. Leaf yellowing 
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was observed in all Melia azedarach Linn. individuals for both study sites and was at 

its peak during March and April (Figure:4.2.7). Most of the leaves were still green in 

juveniles, while few leaves were shed on the ground on both on and off riparian zones. 

 

Figure 4.2.6: Ripe fruits observed from Melia azedarach Linn. for both on and off 

riparian zones. 
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Figure 4.2.7: Peak of yellowing phenophases of the Melia azedarach  Linn. On the 

on riparian zones. 

Leaves' colour changed from dark green to yellow or red in autumn, and most leaves 

and fruits had fallen to the ground probably signaling the approach of winter. Most 

individuals were seen losing all their leaves a sign of having entered a state of 

dormancy. The loss of all the leaves is preceded by leaf senescence, which is a 

process of degrading the leaf cells, leading to their death and ultimately leaf shedding. 

Leaf senescence is a successive functional and structural change that prepares plants 

to adapt to the winter season (Estiarte and Nuelas, 2015). Melia azedarach Linn. also 

underwent this process during winter and all the leaves of these plants were shed 

during winter. Autumn events are hugely important ecologically and evolutionarily. In 

autumn, there is a delay in leaf senescence because of an increase in temperature 

(Ibanez et al., 2010).  

 Leaves and fruit shedding during the autumn season and late occurrence of the spring 

season, such as flowering and budburst phenologies, affect the length of the growing 

season and the productivity of the forest. Estiarte and Nuelas (2015) argued that late 

budburst and delayed senescences during winter prolong the growing season. 

Winter (May-July) 

During the winter season, Melia azedarach Linn. few individuals for the off-riparian 

zones were mostly green and very few yellow leaves while most yellowing or yellow 

leaves were observed in the riparian areas (Figure 4.2.8). Senescences and dormancy 

were the phenophases that occurred during the winter season and were at their peak 

in June and July for off riparian areas, whilst on riparian area senescences and 

dormancy occurred early during late May and June (Figure:4.2.9). Most of the fruits 
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were shed to the ground and very few were still hanging from the Melia azedarach 

Linn. Individuals for both study sites. The phenological calendar and maximising 

competitive ability is the way plants adjust the phenology of leaf unfolding and 

senescent, but also maximising winter survival and adaptation to climate change 

(Soolanayakanahally et al., 2013). Different plants have adapted their life cycle to 

different seasons, in winter developing dormancy that activates the growth period and 

photosynthesis with a dormant period in unfavourable conditions. Evergreen species 

maintain their leaves throughout the year, while deciduous species shed all their 

foliage because species manage their foliage differently during dormancy in woody 

plants in temperate and boreal ecosystems (Estiarte & Nuelas, 2015). 

 

 

Figure: 4.2.8: Full yellowing canopy of Melia azedarach Linn. Observed on the on 

riparian zones.  
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Figure: 4.2.9: Dormancy and senescences phase of Melia azedarach Linn. on the 

off-riparian areas. 

Growth cessation (Soolanayakanahally et al., 2013), leaf senescence (Puda et al., 

2008), bud set, dormancy (Ruuhola et al.,2011), cold hardiness and environmental 

cues, and photoperiod are suggested to be the selection pressure for winter phenology 

at different latitudes. Additionally, plant phenology is mostly driven by temperature in 

temperate climates (Vitasse et al., 2011). The rise in temperature in past decades 

mostly affected the Northern hemisphere from temperate to boreal latitudes, and there 

was a strong shift in phenological stages (Linderholm, 2006). The timing of transitions 

between active and dormant stages has been changing, and these changes are 

caused by climate change and the rise in temperature. Phenological records of 

phenological stages from different phenological techniques such as satellite have 

been used and records have allowed study trends in different plants individuals (Zhang 

et al., 2014), 
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Phenological transitions between distinct stages are easily detected in deciduous 

species such as leaf fall, leaf yellowing, fruit ripening (Figure 4.2.10), and greening 

during budburst (Estiarte and Nuesal, 2015). 

 

Figure 4.2.10: Picture showing fruits ripening and leaf yellowing in deciduous trees. 

4.2.2. The similarities and differences of Melia azedarach Linn. Observed on the on 

and off riparian areas. 

During the autumn season, in both on and off-riparian areas, most of the leaves were 

already yellowing, and leaves had fallen to the ground while most of the off-riparian 

area Melia azedarach Linn.  were still keeping the fruits from previous years while on 

the on-riparian-zones, plants did not have any single fruits. The assumption was that 

the fruits thereof were fed upon by birds. 

 

The growing season and senescence phase were dominant in both riparian areas 

because all the Melia azedarach Linn. had shed all their leaves on the ground. It was 

observed it took about six weeks from budburst to fully grown leaves for both on and 
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off-riparian areas but spouting on the on-riparian area Melia azedarach Linn. started 

late July, and on the off-riparian areas started in early August. Fruiting was detected 

earlier in the off-riparian areas than in the on-riparian areas.  

 

During the summer season, all Melia azedarach Linn. individual fruits were fully grown, 

and leaves were fully matured. Canopy cover for Melia azedarach Linn. individual on 

the on and off riparian areas were fully developed. Yellowing of leaves and fruit 

ripening were detected during late summer months in off-riparian areas. Fruit shedding 

was observed on the off-riparian Melia azedarach Linn. individual during the last month 

of the season.  

 

Nature has already set each species the life stages such as budding, flowering, 

fruiting, seeding, germination, and growth. Environmental factors such as rise in 

temperature and rainfall influence all stages in the life cycle of plant species (Tiwari & 

Chandra, 2016). Apparently, tropical trees respond variously to changes in rainfall and 

rise in temperature because adaptation to drought, cues for bud break, flower budding 

and leaf budding are different. In tropical forests, global climatic change forces 

variation in duration, timing, and phenological events (flowering and leaf bud break) 

(Singh et al., 2005). 

CHAPTER 5. GENERAL CONCLUSION 

Results of this study attested that Melia azedarach Linn. plants survive in both off and 

on the riparian zones. In riparian zones, individuals were growing bigger than those 

found off the riparian zones because of the availability of resources such as the 

abundant supply of water and nutrients. However, phenological changes will always 
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be the short-term results of rapid climate change and a sign of the shift in plant 

phenology on the globe. Tree species will respond differently to temperature change 

and can cause long-term consequences on geographic distribution (Singh et al., 

2005). There is a difference in canopy cover, stem circumferences, and height 

between individuals of the two study sites where on riparian zone has high average 

values of data compared to off-riparian zones. Phenological differences were 

observed in such that budburst and sprouting occurred earlier in the on-riparian areas 

while leaf yellowing and shedding occurred earlier in the off-riparian areas compared 

to the on-riparian areas.  

  

Phenological changes have been very convincing evidence of species response to 

climatic changes (Williams et al., 2021). It can be concluded that water availability and 

abundant nutrient supply in the riparian areas led to high values of canopy cover, stem 

diameter, and tree heights compared to off-riparian areas. Even though all distribution 

patterns showed random distribution for both study sites, it is believed that birds are 

the distributing mechanism because it was observed that some seeds were fed on 

while there are still on the trees in the riparian areas. Additionally, in the off-riparian 

zone, heavy rains are believed to be a distributing factor when they wash away the 

seeds and intense winds for dispersal. Most literature highlights phenological change 

in Eurasia, Central and South America (76), and a limited number of studies and 

literature are found in the southern Hemisphere (16), I therefore encourage more 

phenological research studies to be done in southern Africa because very few are 

found from Africa. 

 

 



42 
 

REFERENCES 

Almeida D.R.A., Stark S.C., Schietti J., Camargo J.L.C., Amazonas N.T.,  

Gorgens E. B., Rosa D.M., Smith M.N., Valbuena R., Saleska S., Andrade A.,  

Mesquita R., Laurance S.G., Laurance W.F., Lovejoy T.E., Broadbent E.N.,  

Shimabukuro Y.E., Parker G.G., Lefsky M., & Brancalion  P.H.S., 2019,  

Persistent effects of fragmentation on tropical rainforest canopy structure after  

20 year of isolation. Ecological Applications, 29,6,  

https://doi.org/10.1002/eap.1952 

Ahmed S. & Idris S., 1997, Melia azedarach Linn. in Hanum IF LJB van der,  

Plant resource of southeast Asia, Auxillary plants, 187-190. 

Ahrends, H., Etzold, S., Kutsch, W., Stoeckli, R., Bruegger, R., Jeanneret, F., Wanner,  

H., Buchmann, N. & Eugster, W., 2009. Tree phenology and carbon dioxide 

fluxes: use of digital photography for process-based interpretation at the 

ecosystem scale. Climate Research, 39, 261-274. doi:10.3354/cr00811. 

Ambrose A.R., Baxter W.L., Wong C.S., Burgess S.S.O., Williams C.B.,   

Næsborg R.R., Koch G.W., & Dawson T.E., 2016, Hydraulic constraints  

modify optimal photosynthetic profiles in giant sequoia trees. Oecologia, 182,  

713–730. 

Al-Rubae, A.Y., 2009, The potential uses of Melia azedarach Linn. L. as  

pesticidal and medicinal plant, Review. American-Eurasian Journal of  

Sustainable Agriculture, 3(2), 184-194. 

Bajpai O., Kumar A., Mishra A.K., Sahu N., Pandey J., Behera S.K., &  

Chaudhary L.B. 2012, Recongregation of tree species of katerniaghat wildlife  

sanctuary, uttar Pradesh, India, Journal of Biodiversity and environmental  

https://doi.org/10.1002/eap.1952


43 
 

science, 2(12),24-40. 

Borchert R., 2000, Organismic and environmental controls of bud growth in  

tropical trees in dormancy in plants: from whole plant be review 974 current  

sciences, Cab International, Wallingford, 87, 107. 

Borchert R., Meyer S. A., Felger R. S. & Porter-Bolland L., 2004, Environmental  

control of flowering periodicity in Costa Rican and Mexican tropical dry forests.  

Global Ecol. Biogeogr,13, 409-425. 

Brown C.J, & Gubb A.A., 1986, Invasive alien organism in Namib desert, upper  

karoo and the arid and semi-arid savannah of western southern Africa, the  

ecology and management of biological invasion in southern Africa, cape town  

oxford university Press, 93-108. 

Brown C.J., Schoeman D.S., Sydeman W.J.,Duarte C.M., Moore P.J.,Pandolfi   

J.M., Poloczzanska E., Venables W., & Richardson A.J., 2011, Quantitative  

approaches in climate change ecology. Global Change Biology, 17(12), 3697-

3713. 

Buchanan, D.A., 2001. The role of photography in organization research: are  

engineering case illustration. Journal of Management Inquiry, 10(2), pp.151- 

164. 

Bullock J.M., Silverton B & Clear Hill, 2012., Plant demographic responses to  

environmental variation: distinguishing between effects on age structure and  

effects on age-specific vital rates, journal of ecology, 84, 733-743. 

Burns N., & Grove S.K., 2005, The practice of nursing research: conduct,  



44 
 

critique, and utilisation (5 th edn) St Louis: Elsevier aunders.  

CaraDonna P.J., Iler A.M., & Inouye D.W.,2014, Shifts in flowering phenology  

reshape a subalpine plant community, Proc. Natl. Acad. Sci, 111, 4916-4921. 

Cavusoglu, A., & Sulusoglu, M., 2015, phenological and morphological  

characteristics of Melia azedarach Linn. l. in kocaeli city in turkey, scientific  

papers. Series B, horticulture, vol. LIX. 

Chen, X.Q., & Xu, L., 2012, Phenological responses of Ulmus pumila  

(SiberianElm) to climate change in the temperate zone of China, Int. J.  

Biometeorol, 56 (4), 695-706. 

Chuine I., Kramer K., Hänninen H., 2003, Plant development models. In:  

Schwartz,M.D. (Ed.), Phenology: An Integrative Environmental Science.  

KluwerAcademic Publishers, Dordrecht, Boston, London,217–235. 

Clark P.J. and Evans F.C., 1954, Distance to nearest neighbour as a measure  

of spatial relationships in populations. Ecology. 35: 445-453. 

Cleland E.E., Chuine I., Menzel A., Harold A. Mooney H.A., & Schwartz  

M.D., 2006, Shifting plant phenology in response to global change, Trends in 

Ecology and Evolution,22(7), 356-365. 

Condit R., Sukumar R. Hubbell S.P & Foster R.B., 1998, Predicting population.  

trends from size distributions: a direct test in a tropical tree community,  

American Naturalist, 152, 495-509. 



45 
 

Convertino M., Munoz-Carpena R., Chu-Agor M.L., Kiker G.A., & Linkov I.,  

2014, Utangling drivers of speciesdistribution: global sensitivity and uncertainty  

analyses of MaxEnt, researchgate,1-34. 

Craine, J.M., & Dybzinsky., 2013. Mechanisms of plant competition for nutrients, 

water, and light. Functional Ecology 27: 833-840. 

Crimmins, M.A. and Crimmins, T.M., 2008, Monitoring plant phenology using digital  

repeat photography. Environmental management, 41(6), pp.949-958. 

Dai, J., Wang, H., & Ge, Q., 2012, multiple phenological responses to climate  

change among 42 plant species in Xi’an, China, Int J Biometeorol. 

 

Dormann C.F.,2007, Promising the future? Global change projections of  

species distributions Basic and Applied Ecology, 8,387-397 

Dunnell, K.L., & Travers, S.E., 2011, shifts in the flowering phenology of the  

northern great plains: Patterns over 100 years, American journal of botany, 

98(6), 935-945. 

Elmore A.J., Stylinski C.D., & Pradhan K., 2016, Synergistic Use of Citizen  

Science and Remote Sensing for Continental-Scale Measurements of Forest  

Tree Phenology Remote Sens. 2016, 8, 502 IEEE Trans. Geosci. Remote  

Sens. 2012, 50, 1085–1094.; doi:10.3390/rs8060502 

Estiarte M. & Nuelas J. 2015, Alteration of the phenology of leaf senescence  

and fall in winter deciduous species by climate change: effects on nutrient 

proficiency, John Wiley & Sons Ltd, Global Change Biology, 21, 1005-1017. 

Estrella N. & Menzel A. 2006 – Responses of leaf colouring of four deciduous  

trees species to climate and weather in Germany – Clim. Res. 321: 253–267. 



46 
 

Fauset S., Freitas H.C., Galbraith D.R., Sullivan M.J.P., Aidar M.P.M., Joly C  

A., Phillips O.L., Vieira S.A., & Gloor M.U., 2018, Differences in leaf  

thermoregulation and water use strategies between three co-occurring  

Atlantic forest tree species. Plant, Cell & Environment, 41, 1618–1631. 

Florido, H.B., de Mesa, P.B., Pader, L.P., & Cortiguerra, F.F., 2002, Research  

information series on ecosystems, 14(1). 

Gorgens E.B., Motta A.Z., Assis M., Nunes M.H., Jackson T., Coomes D.,  

Rosette J., Aragão L.E.O.E.C., & Ometto J.P., 2020, The giant trees of the  

Amazon basin. Frontiers in Ecology and the Environment, 17(7), 373–374.  

https://doi.org/10.1002/fee.2085. 

Hamidou A., Iro D.G., Boube M., Malick T.S & Ali M., 2014, Potential  

germination and initial growth of Sclerocarya birrea (A, Rich.) Hochst in Niger, 

Journal of applied Bioscience, 76, 6433-6443. 

Handerson l. 2001, Alian weed and invasive woody plant of eastern cape,  

bothalia 22(1)119-143. 

Helm C.V. & Witskowski E.T.F.,2012, Characterising wide spatial variation in  

population size structure of keystone African savanna tree, Forest Ecology and  

Management, 263, 175-188. 

Holdo R.M., & Arnold M.S., 2012, tree canopies explain fire effect on soil  

nitrogen, phosphorus and carbon in a savannah ecosystem, Journal of 

Vegetation Science, 23,352-360. 

Ibanez, I. et al. 2010, Forecasting phenology under global warming. Philos.  



47 
 

Trans. R. Soc. B: Biol. Sci. 365, 3247-3260. 

Jiang L, Lv G, Gong Y, Li Y, Wang H, Wu D (2021) Characteristics and driving  

mechanisms of species beta diversity in desert plant communities. PLoS ONE  

16(1): e0245249. https://doi.org/10.1371/journal.pone.0245249 

Jhou, H.C., Wang, Y., Wu C.S., Yu J.C., & Chen C.I., 2017, Photosynthetic gas  

exchange responses of Swietenia macrophylla King and Melia azedarach Linn. 

L. plantations under drought conditions, Botanical studies, 58-57. 

Kabanda T.A., 2004, Climatology of long-term drought in northern region of  

Limpopo province, Ph.d thesis, Dept. of Geography and Geo-information 

sciences, University of Venda. 

Khan S.M., Page S.E., Ahmad H., 2001, Sustainable utilization and conservation  

of plant biodiversity in montane ecosystems: the western Himalayas as a case  

study: Plant biodiversity conservation in montane ecosystems. Ann Bot  

2013,112,479-501. 

 

Langeland K.A., & burks K.C., 1998, Identification and biology of non-native  

plants of Florida natural areas USA, university of Florida, 165. 

Linderholm H.W., 2006, Growing season changes in the last century,  

agricultural and meteorology, 137(1-2), 1-14. 

Liu S.C., Tang W.Z., Ma T., & Yao, Q.Q., 2010, Review on Studies of the  

Chemical Constituents and Pharmcological Activities of Melia L. Qilu  

Pharm,Aff, 5, 290–293.  

Maciel M., Morais S.M., Bevilaqua C., Camurca-Vasconcelos A., Costa C., &  

https://doi.org/10.1371/journal.pone.0245249


48 
 

Castro C.,2006, Ovicidal and larvicidal activity of Melia azedarach extracts on  

Haemonchus contortus, Vet Parasitol,140,98–104. 

Maherali, H., & De Lucia, E.H., 2001, Influence of climate-driven shifts in  

biomass allocation on water transport and storage in ponderosa pine, 

Oecologia, 129,481-491. 

McCain C.M., & Beck J., 2016, Species turnover in vertebrate communities  

along elevational gradients is idiosyncratic and unrelated to species richness.  

Global Ecology and Biogeography, 25(3), 299–310. 

Menzel, A., 2006, European phenological response to climate change  

matches the warming pattern. Glob. Change Biol. 12, 1969–1976 

Menzel A., Yuan Y., Matiu M., Sparks T., Scheifinger H., Gehrig R., &  Estrella  

N., 2012, Climate change fingerprints in recent European Plant Phenology,  

global change biology, 2599-2612. DOI: 10.1111/gcb.15000. 

Mishra A., Sharma A.K., Saxena A.K., & Pandey A.K., 2013, Bauhinia variegate  

leaf extracts exhibit considerable antibacterial, antioxidant and anticancer  

activities, hindawi, biomed research international,1-10. 

Monur M.C., 1990, Counterpoint:is patient control of treatmentalways  

appropriate? Arthritis & Rheumatism: officialjournal of the American college of 

Rheumatism, 3(3), 167-170. 

Morellato C., Patricia C., Gabriela M., Camargo G., D`Èca Neves, Bruno G.,  

Mantovani A. & Hudson L., 2010, The influence of sampling method, sample  

size, and frequency of observation on plants phenological patterns and  

interpretation in tropical forest trees, phenologica research, 99-121. 



49 
 

Mueller T, de Bello F, Meynard CN, Gravel D, Lavergne S, Mouillot D., 2012,  

From diversity indices to community assembly processes: A test with simulated  

data. Ecography,35:468–480. 

Nethengwe N.S., 2007, Integrating participatory GIS and political ecology to  

study flood vulnerability in Limpopo province, Ph.d thesis, dept. of Geology and 

Geography, west Virginia university. 

Oneal, A.S., & Rotenberry, J.T., 2008, Riparian plant composition in an  

urbanizing landscape in southern California, USA, Landscape Ecology, 23, 

553-567. 

Oyedeji-Amusa M.O., Sadgrove N.J., & Van Wyk B.E., 2021, The  

Ethnobotany and Chemistry of South African Meliaceae: A Review,   

plants,10,1-42. 

Parmesan C., 2013, Beyond climate change attribution in conservation and  

ecological research, Ecol. Lett. 16, 58-71. 

Parmesan, C., 2007, Influences of species, latitudes, and methodologies on  

estimates of phenological response to global warming. Global Change Biology, 

13, 1860-1872. 

Parmesan C., Yohe G., 2003, A globally coherent fingerprint of climate change  

impacts across natural systems, Nature, 421, 37–42. 

Pudas E., Leppala M., Tolvanen A., Poikolainen J., Venalainen A., & Kubin E.,  

2008, Trends in phenology of Betula pubescens across the boreal zone in 

Finland. International Journal of Biometeorology, 52, 251–259. 



50 
 

Rahman, S. 2017, The Advantages and Disadvantages of Using Qualitative  

and Quantitative Approaches and Methods in Language "Testing and  

Assessment" Research: A Literature Review. Journal of Education and  

Learning, 6(1), 102-112. 

Rueda M., Godoy O., & Hawkins B. A. 2016, Spatial and evolutionary  

parallelism between shade and drought tolerance explains the distributions of  

conifers in the conterminous United States, Global Ecology and Biogeography,  

26(1), 31–42. https://doi.org/10.1111/geb.12511 

Randerson J.T., Field C.B., Fung I.Y., & Tans P.P., 1999, increase in early  

season ecosystem uptake explains recent changes in seasonal cycle of  

atmospheric CO2 at high northern latitudes, geophysical research, 26(17),  

2765-2765. 

Ruuhola T., Leppanen T., & Lehto T., 2011, Retranslocation of nutrients in  

relation to boron availability during leaf senescence of Betula pendula Roth. 

Plant and Soil, 344, 227–240. 

Sen A., Harwood A., & Bateman P., 2012, economic assessment of the  

recreational value of ecosystem: methodological development and national and 

local application, environmental and resource economics,57, 2. 

 

Sharma, S.K., Shukla, S.R., Sujatha, M., Shashikala, S., & Kumar, P., 2012,  

Assessment of certain wood quality parameters of selected genotypes of Melia 

dubia Cav. grown in a seedling seed orchard, J. Indian Acad. Wood Sci, 9, 165-

169. 

Singh S., Kundu S.S., Negi A.S., & Singh P.N. 2005, Cowpea (Vigna  

https://doi.org/10.1111/geb.12511


51 
 

unguiculata) legume grains as protein source in the ration of growing 

sheep.small rumin, res, 61(3), 247-254. 

Soolanayakanahally R.Y., Guy R.D., Silim S.N., & Song M.H., 2013, Timing of  

photoperiodic competency causes phenological mismatch in balsam poplar 

(Populus balsamifera L.), Plant Cell and Environment, 36, 116–127. 

Stalhandske S., Gotthard K., & Polsedovich D., 2015, Variation in two phases  

of post-winter development of a butterfly, journal of evolutionary Biology,27(12). 

Sukirtha R., Priyamka K.M., Jacob J.A. & Kamalakkannan S.,2012, Cytotoxic  

effect of green synthesized silver nanoparticles using Melia azedarach against 

in vitro Hela cell lines and lymphoma mice model, process biochemistry, 47(2), 

273-279. 

Syamsuwida, D., Palupi, E.R., Siregar, I.Z., & Indrawan A., 2012, Flower  

initiation, morphology, and developmental stages of flowering-fruiting of mindi 

(Melia azedarach Linn. L.), Jurnal Manajemen Hutan Tropika, 18(1), 10-17. 

Tiwari R.K.S & Chandra K.K, 2016, Flowering and Fruiting Dynamics of  

Medicinal Plants in Relation to Climatic Condition of the Area, International 

Journal of Ecology and Environmental Sciences 42 (4). 

Thakur S., Choudhary S., Singh A., Ahmad K., Sharma G., Majeed A., &  

Bhardwaj P., 2016, Genetic diversity and population structure of Melia  

azedarach in North Western Plains of India, CrossMark, 30, 1483-1494. 

Turnbull J.W., & Doran J.C, 1997, Australiatres and shrubs: species for land  

rehabilitation and farm planting in the tropics, 6, 384. 

Ulrich W., Jabot F., & Gotelli N., 2017, Competitive interactions change the  

pattern of species co-occurrences under neutral dispersal. Oikos, 126, 91– 



52 
 

100. 

Vierling, L.A., Deering, D.W., and Eck, T.F., 1996. Nadir and bidirectional surface  

measurements of Arctic tundra: site differentiation and vegetation phenology 

early in the growing season. Geoscience and Remote Sensing Symposium, 

1996. IGARSS '96. 'Remote Sensing for a Sustainable Future.', International, 

4, 1897-1900 vol.1894. doi:10.1109/igarss.1996.516835 

Vishnukanta & Rana A.C., 2010, evaluation of anticonvulasant activity of  

plumbago zeylanica Linn leaf extract, Asian journal of pharmacuetical and 

clinical research, 3(1), 76-78. 

Vitasse, Y., Francois C., Delpierre N, Dufrêne E., Kremer A. Chuine I. & Delzon  

S., 2011, Assessing the effects of climate change on the phenology of 

European temperate trees, Agricultural and Forest Meteorology, 1-12. 

Voigt, F.A., Farwigf, N., & Steven, D., 2019, Interactions between the invasive  

tree Melia azedarach Linn. (Meliaceae) and native frugivores in South Africa, 

journal of tropical ecology, cambridge university press, 27, 355-363. 

Walther G., Post E., Convey P., Menzel A., Parmesan C., Beebee T.J.C.,  

Fromentin J., Hoegh-Guldberg O., & Bairlein F., 2003, Ecological responses to 

recent climate change, Nature 416, 6879, 389--395. 

Williams T.M., Schlichting C.D., & Holsinger K.E., 2021, Herbarium records  

demonstrate changes in flowering phenology associated with climate change  

over the past century within cape floristic region, south Africa, climate change  

ecology, elsivier,100006, 1-10. 

Wang, Q.C.H., Wang, B., Zhao, Z.J., Ma, Y.Q., Luo, J.K., Chen, & B. Li., 2006,  



53 
 

Effects of growing conditions on the growth of and interactions between salt 

marsh plants: implications for invisibility of habitats. Biological Invasions, 8, 

1547-1560. 

Wolkovich E.M., 2012, Warming experiments underpredict plant phenological  

responses to climate change. Nature, 485, 494-497. 

Xu H., Xiao X., & Wang Q., 2010, Natural products-based insecticidal agents  

7. Semisynthesis and insecticidal activity of novel 4_-alkyloxy-2-

chloropodophyllotoxin derivatives against Mythimna separata Walker in vivo. 

Bio org. Med. Chem. Lett, 20, 5009-5012. 

Yu H., Luedelingc E. & Xua, J., 2010, Winter and spring warming result in  

delayed spring phenology on the Tibetan Plateau, PNAS, 107 (51), 22151-

22156. 

Zhang Z.H., Jhaveri D.J., Marshall V.M., Bauer D.C., Edson J., & Narayanan  

R.K., 2014, A comparative study of techniques for defferential expression 

analysis on RNA-Seq, Data, PLoS ONE,9(8), e0103207 

Zhang X.Y., Friedl M.A., Schaaf C.B., & Strahler A.H., 2004, Climate controls  

on vegetation phenological patterns in northern mid- and high latitudes inferred 

from MODIS data. Global Change, Biol. 10, 1133-1145. 

Zheng J., Ge Q., & Hao Z., 2004, Spring phenophases in recent decades over  

eastern China and its possible link to climate changes. Clim Chang, 77,449-

462. 

Zhou L.M., Tucker C.J., Kaufmann R.K., Slayback D., Shabanov N.V., Myneni  

R.B., 2001, Variations in northern vegetation activity inferred from satellite data 

of vegetation index during 1981 to 1999. Journal of Geophysical Research-

Atmospheres, 106, 20069-20083. 



54 
 

Zhu, W.Q.; Pan, Y.Z.; He, H.; Yu, D.Y.; Hu, H.B.,2006, Simulation of maximum  

light use efficiency for some typical vegetation types in China. Chin. Sci. Bull,  

51, 457 463. [CrossRef] 

 


	DEDICATION
	ACKNOWLEDGEMENT
	DECLARATION
	Table of Content
	ABSTRACT
	List of figures
	List of tables
	CHAPTER 1. INTRODUCTION
	1.1. Species description
	1.2. Problem statement
	1.3. Research questions
	1.4. Study Objectives
	CHAPTER 2. LITERATURE SURVEY
	2.1 Theories on species distribution
	2.2 Measurement of species distribution
	2.3.2. Measurement of tree phenology
	CHAPTER 3. METHODOLOGY
	3.1.  Description of the study area, location, municipality, latitudes, longitudes, and maps
	3.2. Vegetation types
	3.3. Data collection methods.
	3.3.1. Description of research design
	3.3.2. Sampling of individual tree species
	3.3.1. Description of research design
	3.3.2. Sampling of individual tree species
	3.3.3. Phenological observation
	3.3.4. Data analysis
	CHAPTER 4. RESULTS AND DISCUSSION
	4.1. Distribution of Melia azedarach
	4.2. Phenological behavior of M. azedarach.
	CHAPTER 5. GENERAL CONCLUSION
	REFERENCES

