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1. INTRODUCTION

Urbanization is a natural corollary of man's material progress. The urban areas are extensively
transformed landscapes, and they are most influenced by human induced environmental changes. The
majority of the world's population lives in urban areas, and by 2030, that number is predicted to increase
to 60%. [1] Natural habitat loss is caused by the conversion of natural ecosystems into urbanized areas,
leading in ecological homogeneity [2]. In terms of plant diversity in urban areas, anthropogenic activities
are responsible for the disturbance of natural vegetation and plant richness in urban settings [3], [4], [5].
With the emergence of additional cities, particularly large cities, the intensity of human disturbance has
increased greatly in recent decades, resulting in significant landscape fragmentation (Ojala and Louekari,
2002) and in urban areas (Chen 2002; [6], [7]. Consequently, the native plant diversity is clearly
compromised [8], [9]. It is true that the last century, has witnessed tremendous urbanization, agricultural
and industrial development, as well as railway and highway construction [10] and therefore. The impact of
urbanization on rural landscape and natural environment is predicted to grow substantially in the future
[1]. Rapid urbanization can result in the creation of unnatural and impermeable surfaces [11], leading to
establishing unique land cover types and plant biotic assemblages. As a result, the types and frequency of
terrestrial ecosystems may change [12], [13], [14] within and between landscapes. The urbanization
therefore has the power to affect the circulation of nutrients, organisms, energy, and water [11]. The impact
of urbanization, however, can meaningfully be reduced if urban areas are managed properly. There are still
ways the human communities may support and manage a diversity of plant species richness. However,
understanding the ecosystem’s response to urbanization is critical in ensuring nature's long-term
sustainability [15]. In the current study area, the developmental activities have rapidly increased in during
last few decades [16] and the impacts of urbanization has not yet been studied. This study assesses the
diversity of herbaceous plants in both urban and rural area of Aligarh to fill the gap in knowledge and create
a baseline data on the herbaceous plant diversity.

2. METHADOLOGY

2.1 Study Area

Aligarh district is located in western Uttar Pradesh (UP), between latitudes 27°34' N and 28°11' N
and longitudes 77°29' E to 78°38'E, in the middle part of the Gnaga-Yamuna doab, with a total area of 5,498
square kilo meters. The climate of Aligarh district is characterized by monsoons. The months of July, August,
and September received the majority of the precipitation (252.5 mm, or 92 percent of total precipitation).
The winter season begins in November and lasts until the end of February. The temperature drops to its
lowest point in January, with an average of 15 degrees Celsius. In the winter, cold weather storms may
bring a little rain. The summer season begins in March and continues until mid-June. In the months of May
and June, the maximum temperature may reach 45 °C. Aligarh's soil is primarily alluvial.

2.2 Design of Sampling and Data Collection

To study the herbaceous plant diversity and richness at two different sites in Aligarh viz. pure
urban area (UR) and agriculture area (AG). A thorough field investigation was carried out over three
prominent seasons; winter (November-March), summer (April-June), and monsoon season (July-
September) in 2020-2021. The floristic characteristics of plant species were investigated by randomly
placing 270 quadrats of 0.5%0.5 m at each site. Every two quadrats were placed within 100 m2 area. During
the period of study, plant specimens were enumerated, collected and identified, and a herbarium was
prepared and specimens were deposited at the Department of Wildlife Sciences, Aligarh Muslim
Universitys.
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2.3 Data Analysis

Four indices viz. species richness, Shannon-Wiener diversity ('H), Simpson index (1-D) and
evenness (J) for plant species were calculated for each quadrat and mean values were calculated for each
site.

2.4 Shannon-Wiener Index (Shannon-Wiener, 1963)
H'=-Y.  (ni/N) In (ni/N)

2.5 Simpson Index [17]

D= Ziszl(ni/N)2 or Pi Where, Pi = (ni/N)
ni = number of individuals belonging to the each species
N = Total number of individuals in the sample

2.6 Evenness (]J) [18]

r

Evenness (J') = s

A one-way ANOVA was used to examine the seasonal differences in plant diversity.
3. RESULTS AND DISCUSSION

A total 81 species of herbaceous plant (dicots) were recorded during the study, belonging to 75
genera and 29 families. In agriculture, area (AG) higher number of species (71 plant species) were recorded
as compared to urban area (UR) where only 44 species (37% less) were found. The low species occurrence
in UR can be attributed to high degree of fragmentation and soil characteristics such as soil moisture,
compactness, and nutrient availability as also demonstrated in several other studies [19], [20], [21], [22].
Species richness was also subjected to seasonal variations due to climate condition. In AG, the highest
species number was recorded during monsoon season (48), followed by summer season (40), and the
lowest (33) in winter. The same scenario was observed in UR area, where the minimum species number
was during winter (24), which increased by 20 % and 37.5 % during summer and monsoon seasons,
respectively (Figure 1). The presence of moisture in the form of rain as well as other environmental factors
may be the reasons for increased occurrence of species throughout these two seasons (monsoon and
summer season). This is also suggested by [23] and [24] where they found positive correlation with
seasonal variations and species richness.
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Figure 1. Species Richness (Number of Species) Recorded In Each Season in AG and UR
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3.1 Species Diversity, Dominance, and Evenness

The diversity indices results indicate seasonal variation in AG (Table 1, Figure 2). Species diversity
('H) obtained almost identical mean values in winter and monsoon season (1.24 * 0.03 and 1.25 * 0.03,
respectively). However, in summer the mean diversity value (0.74 + 0.04) decreased by 40.3 % as
compared to other seasons. Similarly, although with less variation magnitude, dominance index [17]
obtained identical mean values (0.64 +0.01) in both winter and monsoon season, whilst in summer the
mean value was 0.44 + 0.02 (31.25% less than the other two seasons). Unlike the diversity and dominance
values, the mean evenness values were identical in summer and monsoon season (0.87 + 0.01), and was
much lower during winter season. ANOVA test result showed that the values of diversity, dominance and
evenness were significantly different among different seasons. Whereas the observations of the diversity
indices show seasonal fluctuation in the UR site. where, the mean value of species diversity ('"H) and species
dominance (1-D) in urban areas increased gradually from winter(0.56 + 0.04 and 0.35 * 0.02, respectively)
to summer (0.69 + 0.03 and 0.44 + 0.01, respectively) to monsoon season (0.78 + 0.03 and 0.48 +0.01,
respectively ). Contrary, the Evenness index obtained the lowest mean value in urban areas during the
monsoon season (0.93 = 0.007) and the highest mean value was in the summer and winter seasons (0.93
0.007 and 0.92 * 0.0, respectively). The outcomes of the ANOVA test show that all of the variables
mentioned are significantly different across seasons (see Table 2).

Table 1. Mean Values of Diversity Indices and ANOVA Test of AG Site

Season Mean value of diversity indices in AG
Shanon ('H) Simpson (1-D) Evenness (])
Winter 1.24 £ 0.03 0.64 +0.01 0.79 £ 0.01
Summer 0.74 £ 0.04 0.44 £ 0.02 0.87 £0.01
Monsoon 1.25+0.03 0.64 £0.01 0.87 £0.01

F2,267 = 58.8, p<0.01

Table 2. Mean Values of Diversity Indices and ANOVA Test of UR Site

Season Mean Value of Diversity Indices in UR
Shanon ('H) Simpson (1-D) Evenness (])
Winter 0.56 £ 0.04 0.35+0.02 0.92+0.01
Summer 0.69 +0.03 0.44 +0.01 0.93 £ 0.007
Monsoon 0.78 +0.03 0.48 +0.01 0.90+0.01

F2,267 =9.47, p<0.01

At both sites, the species diversity was observed highest during the monsoon season, which then
fell as the winter and summer seasons approached. This means that during the monsoon season, new
species sprout based on the root / seed supply in the soil, leading to a greater diversity of species. [25]
Indicated that during harsh climatic conditions there is reduction in the ratio of root to seed sprouting and
hence the number of species decreases. [23] Reported that the diversity of species decreases in the winter
and summer seasons. However, the AG had more species diversity than the UR site, which could be because
agricultural areas are less disturbed than urban areas, contains better soil moisture and nutrient contents
thus facilitating better germination of seeds and survival of sprouting plants. Further, species diversity is
higher in intermediary disturbed ecosystems as compared to undisturbed systems [26] and [27], the
dominance at AG site ranged from 0.44 (summer) to 0.64 (monsoon and winter) and from 0.35 (winter) to
0.48 (monsoon) at UR site, indicating that diversity was directly related to species dominance. The lower
dominance score at the AG site indicated that herb plant dominance is shared by different plant species.
Further, over three seasons, the evenness at UR was greater than at AG, showing low dominance and a
somewhat regular pattern of distribution of herbaceous plant species in UR site [23], [28].
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Figure 2. Seasonal Variations in Species Diversity, Dominance and Evenness at AG Sites
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Figure 3. Seasonal Variations in Species Diversity, Dominance and Evenness at UR Sites

4. CONCLUSION

The study revealed the significant impact of urbanization on herbaceous plant species richness,
diversity, spices dominance and evenness. The agricultural landscape is richer in terms of species richness,
diversity and dominance as compared to urban landscape, despite the fact that agricultural areas are
frequently weeded off. The reasons attributed to the decline in plant diversity in urban areas include,
fragmentation, low availability of pervious spaces and physico-chemical properties of soil which are typical
characteristics of urban landscape. On the other hand, the seasonal variations are related to soil moisture
and availability of nutrients instead urbanization. The study concluded that the anthropogenic stresses
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and disturbance have a greater impact on herbaceous plant diversity in urban areas (UR) and therefore
better planning in urban landscape can help in maintaining and conserving plant diversity. However, more
research into the processes related to urbanization and plant diversity is required.
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