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Abstract

A phytosociological study of the grassland community at Maharaja Purna
Chandra Autonomous College (21°93'N; 86°76 E) was conducted from July
2022 to July 2023. The study aimed to understand the floristic diversity and
propose conservation strategies. A rigorous data collection methodology
was implemented using 1 m x 1 m quadrat sampling, and the findings were
analyzed and presented using a novel approach. Parameters such as
occurrence (+) and non-occurrence (-) of species, frequency, density,
abundance, basal area, basal cover, and Important Value Index (IVl) were
recorded for 36 species (18 grasses and 18 non-grasses) throughout the
research period. The study revealed that certain species, including
Chrysopogon acciculatus and Evolvulus nummularius, exhibited high
frequency, density, abundance and IVl throughout the research period.
Conversely, Eragrostis unioloides and Sida cordifolia showed the lowest VI
during the study. Basal area and basal cover data indicated an inverse
relationship between grasses and non-grasses. The total Relative Frequency
(RF), Relative Density (RD), and Relative Dominance (RDo.) of the
community were consistently around 100 for each month, and the total IVI
values were approximately 300 each month. These results underscore the
need for effective conservation strategies to preserve the unique floristic
diversity of this grassland community. The remarkable phytosociological
attributes of this experimental grassland community may be attributed to
the topography, soil composition, and climatic conditions of the locality.
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Introduction

Grasslands are one of the major ecosystems in the world, crucial for
preserving  biodiversity and maintaining ecological functions.
Phytosociological parameters are used to access the floristic diversity,
community structure, and functions of a grassland community (1).
Phytosociology also evaluates species diversity, species richness, species
evenness, and dominance within a grassland community (2-11).
Phytosociology of a community also changes with the seasons (12).
Grasslands are major habitats for grazing animals, insects, and small birds,
maintaining a balanced food chain among producers, consumers, and
decomposers (13-17). Grasslands play a crucial role in carbon sequestration
worldwide (18). However, as population grows, grasslands are increasingly
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converted to agricultural land for food production. Habitat
destruction, overgrazing, industrialization, and other
anthropogenic effects disturb grassland communities.
Globally, grasslands are under threat from land-use
change and urbanization, leading to loss of biodiversity,
productivity and biomass (19). The conservation of
grassland biodiversity is urgent and can be aided by
phytosociological analysis of different grassland
communities. National and international research
organizations are actively engaged in studying and
conserving grasslands across various regions. However, a
notable gap exists in research and conservation efforts
concerning the grassland community associated with
Maharaja Purna Chandra Autonomous College.
Considering these facts, the present research was
designed to study the Phytosociological of this specific
grassland community to aid in the conservation of floristic
diversity and promote its sustainable use.

Materials and Methods
Study area

The experimental grassland community (Fig. 1) was
selected at Maharaja Purna Chandra Autonomous College
(21°93'N; 86°76'E). To avoid grazing and anthropogenic
disturbances, the experimental site was fenced with
bamboos. The flora of the community was allowed to grow
without any biotic interference under natural climatic
conditions. The phytosociological attributes of the
experimental grassland community were subsequently
studied.

Phytosociological study

To determine the phytosociological attributes, systematic
sampling was conducted using 1 m x 1 m quadrats,
following the methods described by earlier researchers
(20, 21). A total of 100 quadrats were randomly placed
across various sections of the grassland community each
month. In each quadrat, species occurrence was analyzed,
recording presence with a “+” signs and absence with a “-”
sign. Frequency, expressed as a %, was calculated by
determining the proportions of quadrats in which a
particular species occurred. Density, representing the
number of individuals of a species per unit area, was
quantified within each sampled quadrate. Abundance, a
measure of overall species abundance, was estimated
using appropriate methods. The ink pad and graph sheet
method (22) for calculating basal area involved measuring
the cross-section of each species by cutting the stem
above the ground and pressing the lower transverse
section onto an ink pad. The impression of the cross-
section was then transferred onto graph paper with a1 cm
interval grid. By counting the number of squares covered
by the cross-section on the graph paper, the basal area of
the species was determined. This method provided a
direct and visual way of calculating basal area and was
useful for assessing the relative contribution of different
species in a given area. Basal cover, indicating the ground
area occupied by a species, was also assessed. The
Important Value Index (IVl) was calculated by integrating
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occurrence, frequency, density, and abundance data,
providing insights into the relative importance of each
species within the grassland community. The formula for
calculating the phytosociological data were used, and the
analysis (23, 24) was conducted using Microsoft-Excel 2007
software. Microsoft Excel spread sheets were also used to
create graphs, tables, and interpret the data.

Number of quadrates in which the species occurs

Frequency = X100
g y Total number of quadrates sampled
Total Number of individuals of the species
Density = Eqn.02
Total area sampled
Total number of individuals of a species in all quadrates
Abundance =

Total number of quadrates in which the species occurred

Eqn.03

Relative Frequency (RF), Relative Density (RD) and Relative
Dominance (RDo.) were also obtained using formula-

Number of individuals observed for a species

RF = X100
Total number of individuals of all species observed
Eqn.04
Number of individuals of that species
RD = X 100
Total number of individuals of all plant species
Eqn.05
Basal area of a species
RDo = X 100
Total basal area of all species
Eqn.06

The Important Value Index (IVI) is indeed calculated by
adding the RF, RD and RDo. of each species within a
community

IVI=RF +RD + RDo.

Results and Discussion

The phytosociological analysis of this particular grassland
community was conducted by collecting baseline data
monthly from July 2022 to July 2023. The floristic diversity
study identified a total of 36 species (Supplementary Fig.1)
within the grassland community, comprising 18 grasses
and 18 non-grasses (25). The occurrence and non-
occurrence data are crucial for understanding species
composition, population dynamics, and the overall
ecological health of the grassland community
(Supplementary Table 1).

Several parameters were investigated to assess the
species composition and ecological characteristics of the
experimental site. These included frequency (%), density,
abundance, basal area, basal cover, and Importance Value
Index (IVI). Among these grasses, Chrysopogon
acciculatus, Cynodon dactylon, and Aristida setacea
exhibited high frequency (%) throughout the sampling
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period. Similarly, among the non-grasses, Desmodium
triflorum, and Evolvulus nummularius showed consistently
high frequency (%). This indicates that these species were
consistently present and abundant in the grassland
community. Conversely, Eragrostis unioloides (grass) and
Sida cordifolia (non-grass) exhibited lower frequency
percentages, suggesting they were less frequently
encountered during the study period, indicating potential
variations in their occurrence or abundance. Furthermore,
the study observed that the frequency (%) of both grasses
and non-grasses was highest in October and lowest in
April, as indicated in the Supplementary Table 2. This
variation pattern suggests seasonal dynamics in species
occurrence within the grassland community, with higher
species frequencies in October and lower frequencies in
April throughout the sampling period.

The densities of various species within the grassland
community were studied throughout the experimental
period. Among the grass species, C. acciculatus, C.
dactylon, A. setacea, and Eleusine indica exhibited the
highest density values, indicating they were more densely
distributed with a greater number of individuals/sq m
compared to other grass species. Similarly, among the non
-grass species, E. nummularius, D. triflorum, Scleria
lithosperm, and Alternanthera sessilis showed the highest
density values, suggesting a greater number of
individuals/sq m compared to other non-grass species in
the grassland community. The peak density of the entire
community, reaching 1893.1 individuals/sq m, was
observed in September. Within this peak density, grasses
contributed 1109 individuals/sq m, while non-grasses
contributed 784.1 individuals/sq m. In contrast, the lowest
density value of 269.4 individuals/sq m was observed in
April, with grasses contributing 152.7 individuals/sq m and
non-grasses  contributing  116.7 individuals/sq m
(Supplementary Table 3). This information underscores
the variation in density among different species and
highlights the dominance of grasses in the grassland
community throughout the study period.

The abundance of species within the community
showed seasonal variation, declining gradually from
October to May and then increasing from May onwards,
peaking in September. The highest abundance recorded
was 2809.8 individuals/sq m in September, with grasses
contributing 1530.6 individuals/sq m and non-grasses
contributing 1279.2 individuals/sq m. Throughout, the
study period, C. acciculatus, C. dactylon, A. setacea, and E.
indica among the grasses, and E. nummularius, D. triflorum,
S. lithosperm, and A. sessilis among the non-grasses
displayed the highest abundance values. This indicates
that these species were more abundant and frequently
encountered compared to other species in the grassland
community (Supplementary Table 4). This seasonal
pattern highlights fluctuations in species abundance and
underscores the dominance of certain species within the
grassland ecosystem throughout the observational period.

Throughout the study period, the total basal area
(measured cm?/sq m) of all species reached its peak in
October and its nadir in April. From November to April,
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there was a gradual decline in basal area, followed by an
increase starting from May onwards, with another peak
observed in October. This seasonal pattern indicates
fluctuations in the total basal area of the community over
time. Additionally, it was observed that the basal area of
the grasses was consistently lower than that of non-
grasses throughout the study period (Supplementary
Table 5). This disparity underscores the varying
contributions of different species types to the overall basal
area within the grassland community.

The total basal cover (measured cm?/sq m) of the
species exhibited its minimum value during April and its
maximum value in September, suggesting a seasonal
variation in the basal cover of the community.
Additionally, it was found that the basal cover of grasses
was more than that of non-grasses throughout the study
period. This contrasts with the finding for basal area,
where grasses were found to have lower values than non-
grasses. Interestingly, the data reveal an inverse
relationship between basal area and basal cover in the
grassland community (Supplementary Table 6).

The Relative Frequency (RF) of grass species peaked
in January and reached its lowest in May, while non-
grasses exhibited the highest RF in May and the lowest in
January. This seasonal variation indicates fluctuations in
the relative abundance of grasses and non-grasses within
the grassland community over the course of the study
period. It is noteworthy that C. acciculatus consistently
displayed the highest RF among grass species throughout
the study (Supplementary Table 7). Similarly, among non-
grasses, D. triflorum consistently exhibited the highest RF.
These species are particularly significant as they likely play
a crucial role in influencing the composition and dynamics
of the grassland community.

The Relative Density (RD) of grasses reached its
peak in January and October, while it was lowest in July.
Conversely, non-grasses exhibited maximum RD in July
and minimum in January. This temporal variation in RD
reflects fluctuations in the abundance and distribution of
both grasses and non-grasses within the grassland
community over the study period. Notably, C. acciculatus
consistently showed the highest RD among grass species
throughout the study. Among the non-grasses, E.
nummularius consistently exhibited the highest RD
(Supplementary Table 8).

In this study, the grasses exhibited maximum
Relative Dominance (RDo.) in January and minimum in
May, while non-grasses showed maximum RDo. in May and
minimum in January. This seasonal pattern suggests
fluctuations in the dominance of these plant groups within
the ecosystem. Moreover, E. indica consistently displayed
the highest RDo. among grass species throughout the
study period. Similarly, A. sessilis consistently exhibited
the highest RDo. among non-grasses. These species likely
play pivotal roles in shaping the structure and
composition of the grassland community over time
(Supplementary Table 9). Furthermore, the RDo. of non-
grasses was consistently higher than that of grasses
throughout the study period. This indicates that non-
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grasses exert greater dominance in terms of their presence
and abundance compared to the grass species.

The Importance Value Index (IVI), which integrates
Relative Frequency, Relative Density, and Relative
Dominance, serves as a comprehensive measure of the
ecological significance of plant species within a
community. Throughout the study period, the IVI of the
community consistently hovered around 300 in each
month (Supplementary Table 10), suggesting a balanced
distribution and contribution of species within the
ecosystem. The IVI of grasses peaked in January and
reached its lowest point in May, indicating seasonal
fluctuations in the importance and abundance of grass
species. In contrast, the IVl of non-grasses showed an
opposite trend, with the lowest value in January and the
highest value in May, consistently observed throughout
the study period. Among grasses, C. acciculatus displayed
the highest IVI, while among non-grasses, E. nummularius
exhibited the highest IVI. Conversely, E. unioloides among
grasses and S. cordifolia among non-grasses consistently
showed the lowest VI, suggesting their relatively lesser
ecological importance and contribution within the
community. The assessment of VI allows for
understanding the relative significance of plant species
based on their frequency, density, and dominance within
the community. Overall, a comparative analysis and
graphical representation of phytosociological data of the
collected plant species during the study period are
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presented in Table 1 and Supplementary Fig. 2,
respectively.

Various literature reviews highlight significant
findings indicating that anthropogenic activities,
agricultural intensification, urbanization, and industrial
development profoundly impact grassland communities,
particularly their floristic diversity (26, 27). Another study
reveals that human activities such as timber cutting,
firewood collection, cattle grazing, and surface burning
degrade herbaceous vegetation in forests (28). However,
the present study identifies that changes in macro and
micro climatic fluctuations, competition for resources,
niche partitioning, nutrient availability, and soil conditions
significantly modify the phytosociological attributes
observed. These environmental shifts create favourable
conditions for certain species, influencing dominance
patterns and community structure. Similar findings across
various studies underscore that the modification of
phytosociological attributes in grassland communities is a
complex process influenced by a range of biotic and
abiotic factors (29-35). These findings underscore the
importance of implementing conservation strategies to
safeguard the rich floristic diversity of the grassland
community in Baripada, Odisha, India. Effective
conservation efforts may include habitat restoration
initiatives, protection of key species, and promotion of
sustainable land management practices.

Table 1. A comparative phytosociological data of all species (both Grasses and Non-grasses) during the study period.

. Basal Basal IVI=RF+RD
Grasses Frequency Density Abundance area cover RF RD RDO +RDO
Aristida setacea 830 553 807.1 2.36 112.9 57.6 60.86 42.14 160.6
Chrysopogon
acciculatus 1250 1794.4 1838.6 2.66 389.2 87.86 229.63 48.31 365.8
Cynodon dactylon 1160 1544.8 1700.8 1.37 164.9 79.4 199.46 26.47 305.33
Dacty ’Ogifj#’m”egy 410 68.6 131 1.78 172 2838 916 30.43 67.97
Digitaria longiflora 240 135.2 225.3 0.39 14.7 11.29 9.06 4.12 24.47
Eragrostis amabilis 760 231.4 391 0.6 12.3 54.04 27.66 9.92 91.62
Eragrostis unioloides 230 136 233.5 0.21 7.5 10.68 9.44 2.25 22.37
Eleusine 610 354.1 509.5 3.68 148 3302 30.8 49.37 113.19
indica
Heteropogon
contortus 500 148.5 251.6 1.24 23.1 34.56 14.97 21.97 71.5
Ischaemum indicum 250 116.4 230.1 0.68 16.4 12.17 8.69 7.65 28.51
Oplismenus
burmannii 550 265 485.2 3.12 85 32.28 25.53 45.21 103.02
Oplismenus hirtellus 740 272.9 482.5 1.56 34.1 51.69 33.63 28.93 114.25
Paspalidium
flavidum 460 195.5 337.7 2.68 66.3 24.19 16.62 34.37 75.18
Pennisetum
pedicellatum 300 137.3 223.9 1.8 52.4 14.69 9.95 20.19 44.83
Perotis indica 280 117.1 206.3 0.23 55 14.45 10.64 2.87 27.96
Sacciolepsis indica 540 179 345.4 3.09 58.6 32.24 16.45 43.89 92.58
Sporobolus indicus 490 223.3 354.8 0.95 26.8 25.74 18.47 12.14 56.35
Sporobolus
pyramidalis 540 191.4 323.4 0.97 21.1 29.83 17.38 12.98 60.19
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Non-grasses

Alternanthera sessilis 680 236.6 447.4 5.75 110.4 48.71 26.42 107.19 182.32
Desmodium triflorum 1120 1060.5 1198.4 0.18 17.4 76.61 134.18 3.08 213.87
Elephantopus scaber 200 55.6 109.8 1.86 26.4 9.56 4.39 20.46 34.41
Euphorbia hirta 710 173 313.9 5.49 76.4 51.47 19.67 103.35 174.49
Evolvulus
nummularius 1020 1159.5 1471 0.4 39.7 69.08 154.1 6.74 229.92
Fimbristylis
dichotoma 690 200 384 2.93 48.4 49.17 23.66 53.19 126.02
Hybanthus
enneaspermus 630 182.7 365.6 5.54 84.3 44.48 19.31 102.73 166.52
Kyllinga brevifolia 450 173.1 315.2 0.98 21.3 23.84 14.38 12.55 50.77
Mimosa pudica 500 116.6 240.7 4.79 59.4 30.91 11.35 74.81 117.07
Mitracarpus hirtus 460 223.2 387.5 3.55 100.3 24.56 18.67 45.24 88.47
Phyllanthus virgatus 410 176 303.6 1.67 42.7 215 13.81 21.21 56.52
Scleria lithosperma 730 331.1 582.5 2.46 68.5 52.22 39.28 44.3 135.8
Sida acuta 270 80.2 184.1 3.03 41.5 14.41 6.75 37.94 59.1
Sida cordifolia 190 42.6 91.4 1.95 21.4 9.11 3.35 21.39 33.85
Spermacoce ramanii 370 103 196.7 2.88 433 19.31 7.99 36.7 64
Tridax procumbens 670 143.4 275.6 5.42 63.2 47.22 17.11 100.2 164.53
vernonia 700 189.9 341.2 331 50.8 49.49 212 62.73 133.42
cinerea
Zornia gibbosa 440 183.6 333.7 0.21 5 23.47 15.77 2.7 41.94
GRAM PANCHAYAT BARIPADA BLOCK

SHAMAKHUNTA
BLOCK

T
/

BADASAMI BLOCK

MAYURBHAN] DISTRICT

SULIAPADA BLOCK

MURUDA BLOCK

BARIPADA TOWN

Fig. 1. Experimental grassland community located at Baripada, Odisha, India.

conclusion

The phytosociological study conducted on the
experimental grassland community at Maharaja Purna
Chandra Autonomous College, offers valuable insights into
the floristic diversity and ecological dynamics of the area.
These findings are pivotal in establishing a foundation for
conservation efforts aimed at preserving the biodiversity
and ecological functions of the community. Conservation
strategies are imperative to prevent further degradation
and loss of biodiversity in the region. The information

gleaned from this phytosociological study serves as a
valuable resource for conservationists, policymakers, and
decision-makers, enabling them to make informed choices
and take necessary actions to safeguard the grassland
community at Maharaja Purna Chandra Autonomous
College campus. These efforts are crucial for the long-term
preservation and sustainable management of the
ecosystem, ensuring its ecological balance and continued
benefits for future generations.
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